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PART  U. 

OF  PRIMARY  COMPOUNDS. 


■t  the  term  primary  compound^  u  meant  a  combination  of  two 
more  aitnple  bodies  with  each  ot]ier.  'I'lni.t  [lotath  is  a 
primuy  compoiind,  l>elng  corap<)«c<I  of  pottunwn  und  oxygen 
■nled  toother.  Cytmogm  u  another  of  these  compounds, 
beinp  oonpoMd  of  earhon  nnil  azvte  united  in  definite  propor- 
doM;  aa  is  also  arsenic  nriil,  which  is  u  definite  compound  of 
«r«nic  and  o^ym.  Atmuet  cverj-  one  of  these  primary  com< 
pounds  have  been  notieed  at  least  tu  the  first  part  of  tliit  work, 
b  which  almost  all  the  known  direct  combinations  of  tlie  simple 
boi&a  with  each  other  have  been  noticed.  Bnt  it  will  be 
nN]UMicc  in  this  second  part  to  treat  of  the  mo«t  important  of 
Ihem  in  gmter  detail  tluui  could  be  done  with  propriety  white 
Wllim  of  the  simple  bodies.  Now  nil  the  primary  compounds 
Hbnallf  divide  themselves  into  three  classes,  luunely,  acidt, 
nUaHo  OT  basea^  and  neatrtds.  These  tliree  classes  will  be 
detcribed  ill  succession  in  the  three  following  chapters. 


Ann 


CHAP.  I. 


OF  ACIDS. 


Br  odd  at  present  is  nndenit«o<l  a  substance,  which  has  the  rMtmitoB  tt 
property  of  oomhiiiinK  with  and  neutralizing  alkalies  or  bases. 
Formeriy  It  was  considered  as  requtHile  tliat  bodies,  in  order  to 
hf  Umg  to  ilie  dttsi  of  aeidit,  should  have  a  sour  taste,  »hotdd  be 
itlilblr  in  water,  and  Atliould  liiive  tlie  property  of  reddening 
n||;etable  blue  colours — anil  these  pr«(>crtic« do  indeed  belong 
to  •ante  of  the  moat  common  and  powetfUl  acids ;  but  iJiere  are 
nilova  acids  wliich  li^ive  ni>  Uste,  and  which  are  not  sensibly 
whible  in  wster,  nnd  ttume  which  are  incapable  of  altering  the 
ocilaur  of  the  most  delicuto  vegetable  blues.  All  Uie  aci<l9 
vith  which  we  toe  at  present  acquainted   are  compounds. 

II.  u 


SIMPLE  OXYGKM  ACIUK. 


Chip.  I. 


Lavoisier  endeavoured  to  prove  that  oxygen  constitutes  an 
psttcntiul  conslitiicnt  in  tlioin  all.  And  tlii*  opinion  holds  pood 
iinth  till*  jfrcater  nmnbiT  of  acidn  wliicli  eliemiats  were  acquaint- 
ed with  ill  hln  time,  though  not  wit)i  tlie  whole  of  them. 

It  is  now  known  that  not  merely  oxygen,  but  all  the  other 
simple  gupporfers,  namely,  chlorine,  bromine,  iodine,  and  fluo- 
rine, are  capable  of  forming  aeids,  by  uniting  with  sevcntl  of 
the  iicidifiable  bases,  and  indeed  also  when  they  unite  with 
Hercnd  of  the  alkaliflable  ba-tes;  especially  thosie  IH-Ion^in^  to 
the  last  family,  and  deAcribe<l  imder  tlie  nunic  of  noble  mttais. 
In  fact  the  giciiter  number  of  tlic  incUds  belonging  to  thb 
ftratly,  are  scarcely  entitled  to  the  niiine  oi iilkulijialile  bases; 
though  they  hardly  pu«i4e!W  sufficiently  energetic  elmractera  to 
cntiUe  (heir  compounds,  if  wc  except  their  chlorides,  to  he 
considered  as  acids. 

BesidcK  ttie  live  !>upporter!4,  cj'anogen,  sulphur,  «eK-Tiiuni, 
and  tellurium,  have  uUo  the  property  of  forming  ucids  when 
tliey  unite  with  tlie  acidifiabic  bases.  Indeed  it  is  not  impro- 
biible  tliat  this  property  may  belong  to  most  if  not  to  the  whole 
of  the  acidifiahle  bjL'.es,  though  at  present  it  lias  only  been 
ascertained  to  hold  with  respect  to  those  which  have  been  just 
named.  Thus  it  appears  that  the  acids  at  present  known  may 
be  divided  into  9  classes,  namely, 

1.  Oxygen  acids,  6.  Cyanogen  acids, 

2.  Chlorine  acids,  7.  Sulphur  acicU, 

3.  Bromine  ncidx,  &  S<'Icnium  iidfU, 

4.  Iodine  acids,  9.  Tellurium  iicidtt. 

5.  Fluorine  acids. 

These  9  classes  of  acids  will  be  described  in  succession,  so 
far  as  the  present  imperfect  atale  of  llie  science  will  enable  us 
to  go. 


CLASS  I. 

OXYGEN  ACIDS. 


Tlie  acids  which  contain  oxygen  as  an  essential  constituent, 
have  been  longer  known  and  more  carefully  examined  by 
chemists  than  those  which  constilute  the  other  eight  classes. 
This  is  probably  ihe  reason  why  they  are  at  present  so  much 
moro  numrroiij^  than  all  the  oilier  aeidit  put  togctlier.  There 
ran  be  no  doubt  tliat  tlie  chlorine  iiei«l«i  an*!  tliosc  belonging 


ACIDS  WITH  A  SIMPLE  BASE. 


to  «cl»  of  th*  Other  cUwses,  will  increase  rery  much  in  number 
u  th«  Mience  extends. 

Tlie  oxy^n  wiAa  are  of  two  kituii.  Some  contist  of  oxyg:en 
unitrd  to  a  singltf  oHitifiiililr  I»im-  ur  a  single  Hupporler.  Thus 
mjphurie  uoA  fe  a  oitmpoiind  <if  mtp/tur  and  oxj'gen ;  rarAontc 
aad  of  carAom  and  oxygt-ii  j  »nd  bromic  acid  of  hrmniw  and 
oxj^n.  But  thpre  ar*  a  considerable  number  of  oxypeii  ncida 
b  wliicb  the  on-gen  is  united  at  once  with  two  niid  tomctimos 
with  UiriH-  buftCA.  Thus  aefiic  acid  h  a  conipouiul  of  oxygen, 
evboui  and  hydrogen ;  while  uric  ucid  is  ■  compound  of  oxy- 
gen, carbon,  hydrogen,  nnd  iixotc.  This  second  set  of  acidii  is 
rery  numerous.  They  either  exist  rt<»dy  formed  in  the  vegeta* 
bl«  and  animal  kingdoms,  or  they  are  formed  from  vegetable 
aad  animal  bodies  by  certain  chemical  processeti.  We  must, 
i^enSom,  HulHlivide  die  oxygen  acids  into 

I.   Addn  with  a  single  baw. 

8,  Acids  with  a  cam[)oun<l  Iasc. 

The  fml  of  these  divisions  iiiclndes  the  most  important  of 
tlMwe  acids  that  are  employed  as  instrument*  of  chemical 
binwiigadon.  But  there  arc  also  licTcral  of  the  acids  unih 
compound  bases  that  are  nearly  indispensable  in  a  chemical 
bbomtorjr*  for  itome  of  the  most  fretjucnt  and  useful  processes 
which  the  pnictical  clif  miiil  hit<t  occanion  to  perform.  These 
rfmona  make  it  tndispctiMble  for  ns  to  take  a  view  of  these 
acidi  Id  this  pan  of  the  work. 


DIt.I. 


DIVISION  L— ACIDS  WITH  A  SIMPLE  BASE. 


The  oxygen  acids  witli  n 

simple  base,  so  far  as  we  are  at  t.i.i.o(.u«. 

pTCMDt  aMpiainied  with  tliem,  amount  to  about  36.     Their  Jhu"**" 

■HUS  arc  as  follows: 

1.  Perchloric, 

13.   Hhosphoric, 

a.  Chloric, 

14.   I'yropliiwphoric, 

3.  ChloroiiK, 

15.  Phospliutuus, 

4.   Bromic, 

10.  Hypuphosphorous, 

5.  Iodic, 

17.  Sulphuric, 

6.  Nitric, 

16.  Sulphurous, 

K       7.  Nitn>iis, 

19.  HyituHulphurou.t, 

^       8.  Ilyponitrous, 

20.  Subt«ul|iiiuroius 

9.  Carimnic, 

21,  Hyposulphuric, 

10.  Oxalic 

2*2.  Sclcnic, 

11.  Boracic^ 

33.  Selcnious, 

12.  ^de. 

24.  Telluric 

"^ 
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2fi.  AiMntc^ 

26.  Arsenioiis 

27.  .Anlinioiiic, 
2&  Aiitimuiiious, 

29.  Chromic, 

30.  Umnic, 


31.  Molybdic, 

QQ,  Tungfitk, 

33.  Columbic 

34.  Titaiiic, 

35.  MtingAnesioiis, 
06.  Mnntfiinefuc 


I  shall  take  a  inew  of  each  of  these  ncida  in  Kuccesaton. 


SXCTIOK  I. OF  THE  ACIDS  Of  CIILOBINE. 

Chlorine  atid  oxygen  unite  iu  thnrc  different  proportions  so 
as  to  form  adds.     These  are 

Chlonan.  Oxjtio. 

1.  ChloroiiM  ;icid     1  atom  +  3  atoms 

2.  Chloric  odd       1  +5 

3.  Percl Joric  acid  1  +7 

Thcw  throe  acids  have  been  described  in  ^'ol.  I.  p.  66 ;  the 
first  under  the  name  oi  quadroxidr.  a/ chhirine.  It  has  been 
generally  considered  as  an  oxide,  bccuii^c  when  we  attempt  to 
unite  it  with  a  base,  it  undergoes  deoompMiiion,  However, 
if  it  be  placed  in  contact  with  an  alkaline  bwu-  in  its  nascent 
Htate,  8  comliiiuition  l4il(cs  pluce,  and  a  dihritf  is  formed  ha\-ing 
a  peculiar  and  acrid  taste  similar  to  that  of  the  ac!<L  These 
salUt  luive  the  property  of  destroying  vegetable  coloure.  'Iliere 
can  be  little  doubt  that  Von  Stadion's  analysis  is  accurate,  so 
that  it  is  a  compound  of 


1  atom  chlorine 
3  atoms  oxygen 


4-5 

8 

7*5 


and  ilA  atomic  weight  is  7-S. 

The  &cts  respecting  chloric  and  perchloric  acids  Mated  En 
the  first  volume  of  this  work,  constitute  every  thing  hitherto 
ascertained  respecting  them. 

The  drcumslance  of  two  substances,  both  of  which  are  so 
strongly  negative,  ta  oxygen  and  chlorine,  uniting  together^ 
seems  at  first  aighi  rather  incompatible  with  the  electric  theory 
of  chemical  affinity.  I  have  endeavoured  to  obviate  this  diffi- 
culty in  tlic  Introduction  to  tl»is  work  (Vol.  I.  p.  39).  The 
affinity  between  the  oxygen  and  chlorine  ia  obviously  weak. 
Hence  heat  which  seems  to  increase  the  intonKily  of  the  nega- 
tive electricity  of  chloriue,  easily  occasions  a  di.-oomposition  of 
these  acids. 


ACJOB  OF  AZOTE. 


SKCTION  II. OP  THE  ACIDS  OF  BHOMINK  AND  IODINE. 

TUr  oxygen  ackix  of  hmmine  an<l  itxline  liitherto  oWrved 

I       are  only  I  ncid  for  racit  of  tkc-ix;  liodieH,  coiolitutiiig  hTvitir  und 

I       loirfH- arirl,  miMlogoiw  iw  tbcir  naiDf  8  imply  Co  chloricaeid.  Their 

prapertieft  bar*  been  alreai^y  described  in  p.  74  and  p.  8i!  of 

\b«  ftnt  vuluiae  of  tliis  worii.     I  do  not  notiee  liere  llie  iodou3 

ftrid  of  Sementini,  nor  tlie  bypiodoiiH  scid  of  >liichef  licli,  because 

I        I  buve  already  state*)  all  the  (aeU  rei^>ceting  these  suppoaed 

acids  with  wliicb  I  am  ocquainU-d.     Bromic  acid  is  a  com- 

i        pound  of 

I 

^^  1  atom  bromine 

^^^^^^^        5  atoms  oxy^u 

^^  -aad  iodic 


ClNiL 


10 


15 


■wd  iodic  add  of 


1  atom  totline 
fi  Mouu  oxygen 


15-75 

5 

20-75 


^      lodoi»  acid  (If  it  exiM)  ought,  from  analogy,  to  be  a  com- 
pound of 
^K  I  atom  Iodine  15-75 

^^^^^_^       8  atOBW  ox)'geu  3 

H      Asotc 

^P  thrva  ad 
r        nitrouM  a 


ie'76 


escnoK  III.— OF  thk  acids  of  azote. 
Asotc  and  oxyeren  oombino  in  tliree  propo^tionf^  forming  the 
thr*a  acidn  whidi  Imrc  been  culled  nitric,  nitrous,  and  Aj!po- 
mitreiu  adds." 


*  VbcB  the  IVeacb  chcmiati  contrtred  thoir  new  chemical  nomenclniurc 
■  1797,  a  bue  wm  Mippoicd  f o  be  nkpablv  or  tinUing  onl^  with  two  iloscit 
<f  OSjrfM,  tni  of  fonntng  two  Mtiik.  Tliey  dittinguithcil  llic«c  ncida  by 
naddng  dw  aHil  conuialef;  mo«t  oaygcn  terminnlc  in  u-.and  tlio  one  con- 
iaUi|  Immc  la  oat.  Tim*  mtric  acid  oonisina  moat  oiygcn,  and  nitiwt 
mU  itmL  h  WW  afterwtxiU  diacoveiwl  tliat  in  tome  ciuca  wid*  exist  cun- 
tiUi^  le»  oxygaD  than  tboie  b  out.  Thnc  arc  dittinguished  by  preTiilag 
I  the  aylUila  Ajgun,  u  ^jipimilmu.    The  mode  U  still  impcrlect.     for  mnue 

baie*  unUe  wtlfa  fimr  or  even  five  doae*  of  oxygen,  and  (oim  (out  or  even 
ftnaddi. 


BIMF1£  OXTOEH  ACID&. 


g  Ct>ti..L 
HMorr- 


IbnratiUlIk 


1.  Nitric  Afid. 

Thi;!  acid,  which  is  one  of  tlie  most  important  instriinipntR  of 
invcsligBtion  of  wliich  (he  chemiitt  U  possessed,  wan  certainly 
known  to  Geber,  an  Anibian  ciivmist  of  tlio  Ttli  century,  and 
the  autlior  of  the  first  puri-ly  chpmiad  work  with  which  we 
are  ac<|u.iiiit(-d.  It  is  always  procured  from  salljiftrr.  or  nifre, 
at  salt  wliich  forma  spontaneously  on  the  surface  of  the  enrUi 
in  most  parts  of  tlie  worhl.  'I'lic  saltpetre,  made  ubc  of  in 
this  country,  is  imported  from  India,  where  it  is  collected  in 
great  (jiiaiitities  from  the  aoil.  It  is  nf^erwards  refined  in  Great 
Britftin,  and  nuule  fit  for  the  manufiicture  of  ^npowder,  in 
wliich  hy  far  the  gn-utest  jjurt  of  the  Niltpotrc  imported  is 
expended.  Saltpetre  is  a  compound  of  nitric  acid  and  potasiu 
If  sulphuric  acid  be  mixed  with  it,  the  nitric  acid  is  discngag^cd, 
and  may  be  distilled  over  from  a  glass  retort  into  a  receiver. 
Nitric  acid  cannot  bo  ohtnined  free  from  wat«r,  but  tlie  sulphuric 
acid  of  eommerce  nlwny*  contains  a  sufficient  (junntity  of  water 
to  Kupply  the  nitric  acid  with  tliat  csMcntiul  element. 

To  prepare  nitric  acid,  the  best  way  is  to  put  1275  parts  of 
saltpetre  info  a  retort,  and  to  pour  over  them  12'25  parts  of  the 
sulphuric  acid  of  commerce  (of  tlie  specilic  gravity  1-A47). 
Lute  an  adopter  to  the  beak  of  the  retort,  and  fit  ilie  extremity 
of  tlie  adopter  into  the  mouth  of  a  gloss  receirer  amply  large 
cnoufrli  to  liuld  all  the  nitric  acid  which  «-ill  como  over.  The 
retort  being  placed  in  a  sand  bath  and  a  lire  kindled  below  it, 
the  mLxture  of  nitric  and  sulphuric  acid  speedily  becomes  li<juid, 
and  the  whole  nitric  acid  may  be  dUtiUed  over  at  a  moderate 
tempemlure,  an<l  witliout  any  \a»».  The  unhydrouH  nitric  add 
contained  in  12-75  parts  of  nitre  is  6-75,  and  tin*  water  con- 
tained in  l*2-25  of  snlphnric  achl  is  2-25.  But  if  the  heat  applied 
be  nut  too  great,  one-lialf  of  this  water  remains  in  the  retort 
united  to  the  suit  of  potash  formed  by  the  sulphuric  acid,  so  tliat 
the  (juantity  of  nitric  acid  obtained  should  weigh  7'U75  parts, 
and  its  specific  gravity  should  be  1-55,  But  in  general  a  little 
more  tlinn  one-half  of  the  water  comes  over,  6o  that  the  specific 
gravity  of  the  nitric  ucitl  olititined  k  rarely  so  high  as  1  -h.  If 
the  heat  applied  be  u  little  too  high,  all  the  water  in  the  sulphu- 
ric acid  comes  over  witli  tlie  nitric  acid.  The  (|iiantity  of  nitric 
acid  obtained  in  tliat  case  is  9  parts,  and  its  specific  grainty  is 
l'485r).  'ItiiH  ii*  by  far  the  movt  common  strength  of  nitric 
ncid  obtuinet)  by  thiM  process. 

If  instead  of  12-25  of  sidphuric  ncid  we  mix  only  6-i25  porta 
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Willi  12*75  of  nitre,  only  two-tbirds  of  tlie  nitre  m  tlooomposH 
and  citmoH  aver  iiilu  the  receiver,  comt)iited  u-ilii  nil  the  n'atcr 
in  tliv  siilptiunv  »cicl.  \\')ii-i)  tliis  [HrrtioD  bos  passed  over,  tlic 
miiar  mutter  in  tliv  riMort  Iwcomra  tKilid.  If  wo  increase  the 
beat  BO  as  to  liquefy  this  wdt,  it  swells  up  in  consequence  of  the 
deeoai[Knitiai)  of  the  remaining  portion  of  nitrie  add,  which 
cannot  be  tUstilled  over,  because  there  'm  no  more  water  with 
which  it  (niti  combini;.  It  ih  tit^oIvinI  intodvuloxidc  of  Euote  iind 
oxygen  link's.  The  dviitoxidc  of  axote  is  ulMorbcd  by  the  nitric 
acid  ulreuily  di^iUe^  over,  to  which  it  commutiicatcs  a  red 
colour,  and  the  property  of  fuming  Htrongly  when  exposed  to 
the  air.  In  this  stale  it  is  distinguished  by  the  name  of /'uming 
nitric  aritL  The  oxygen  gas  makes  its  escape,  of  it  may  be 
collected  in  a  convenient  pneumatic  apparatus. 

The  iicid  obtained  by  thk«  proce-ts  Iuls  a  yellow  colour;  but 
it  may  bi-  tx-mk-rrd  c«ilourlvss  by  simply  raitiug  it  to  tlu-  boil- 
ing Imipcntlurc  in  u  retort,  taking  rare  to  remove  tlie  receiver 
while  the  add  is  boiling  hot,  to  prevent  the  dcutoxidv  of  uzotc 
tbtia  driven  ofT,  from  being  again  absorbed  as  the  acid  cooU. 
If  conunoo  nitre  tia-n  lH>en  employed,  the  nitric  aciil  obtained  w 
alwnjn  mixe<)  with  some  muriatic.  Nor  can  nitre  be  quite 
freed  ftom  all  traces  of  common  salt,  tliotigh  re])eattsUy  cryx- 
taili/ei).  Hut  if  we  put  tlio  impure  nitric  add  into  a  retort,  luid 
diirttl  off  ulwut  one-tliird  of  it  by  rather  a  slow  fire,  the  rcnuiin- 
ing  two-thirds  in  the  retort  will  be  quite  pure,  all  tlic  muriatic 
add  liaving  passed  along  with  the  acid  distilled  over.  This 
metiiod,  fintt  pro|V(JM-<l  by  Latssone  and  Coniette,*  I  have  been 
in  the  bubit  of  foUoHnng,  and  easily  ubtjun  by  means  of  it  pure 
nitric  add;  wliile  the  portion  distilled  over  answers  all  tlic 
BUtaeroiM  purposes  to  which  a  mixture  of  nitric  and  muriatic 
aads  is  tuually  applietl. 

Nitric  add  thus  prepared  b  a  liqaid  colouriess  as  water ;  but  Pn^Mic^ 
If  we  expoAe  it  to  tl>e  direct  rays  of  the  son,  or  even  to  tlie 
l^^t  of  day,  it  girr^  out  oxygen  gas,  and  soon  .li^umett  a  yellow 
colour.  It  alworbs  deutoxidc  ofazoto  with  avidity,  and  becomes 
first  yellow,  then  red,  and  at  lu«t  brown,  and  so  volatile  tliat  a 
very  moderate  heat  converts  it  wholly  into  vtipour. 

It  ha.*!  a  peculiar  smell,  and  gives  out  u  while  smoke  when 
expOM'd  to  the  air.  lis  taste  is  intensely  sour,  it  reddens  vege- 
table blues,  an<l  corrotU>»  aiul  destroys  animal  and  vegetable 
mbetances  with  great  energy.     Hence  it  u  often  applied  by 

.•  Mem.  Pw.  ITfll.ihei^ 
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°'*r-  !■     siugeonB  to  flt  conditioned  ulcers  as  a  cansdc,  and  wben  so 
^plieditanswen  better,  and  gives  less  painwhen  strong  than 
vhen  diluted  with  water. 
krbKIi-  It  liBB  a  strong  affinity  for  water,  and  cannot  be  obtained  tree 

&om  that  liquid.  When  the  concentrated  add  is  exposed  to 
the  air,  it  absorbs  moisture  from  the  atmosphere.  The  follow- 
ing table  shows  the  specific  gravity  of  various  atomic  combine 
tions  of  this  acid  with  water.* 


Atmaiif 

AtCtM  ct 

AekllnlOO 

BfttiBe 

ICU. 

WalB. 

puti. 

gllTllT. 

1 

85-714 

1-55 

2 

75-000 

1-4855 

3 

66-668 

1-4546 

4 

60-000 

1-4237 

5 

54-545 

1-8928 

6 

50-000 

1-3692 

7 

46-260 

1-3456 

8 

42-857 

1-3220 

9 

40-000 

1-303S 

10 

37-500 

1-2844 

11 

35-294 

1-2656 

12 

32-574 

1-2495 

13 

31-579 

1-2334 

U 

80-000 

1-2 173 

16 

28-571 

1-2012 

pi*^  The  boiling  temperature  of  this  acid  varies  with  its  strength. 
The  following  table  drawn  up  by  Mr.  Dalton,  from  his  own 
experiments,  shows  the  temperature  at  which  acid  of  different 
densities  begins  to  boiLf 


ap.  gniltjgf  udd. 

1-54         ...         175 

1-60 

210 

1-46 

240 

1-42 

248 

1*40 

247 

1-36 

242 

1-30 

236 

1-26 

232 

1-22 

229 

1-20 

226 

•  Hret  Principles,  i.  1 14. 

f  New  System  of  Cbenuol  PhUoBo|A;,  ii.  356. 
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118 
M7 
1-lfi 
1-lS 
M4 


BofllndMiU. 

221 

220 
219 
219 


OmiL 

»r.l. 


r  p  »«  from  this  tslilo  tliat  the  iKiiling  p<niit  of  acid  of  the 
specific  gravity  l'42,oraci4icom))OHe<l(if  1  atomuciH  +  4  atoms 
water  ia  a  maxiinuin  or  '24ti^.  'llii'^  l>oiliiig  point  of  uc'ici  eittter 
stronger  or  weaker  tiiiui  tlii*  U  lower. 

The  acid  wbivli  ucciin  in  commcrM  undvr  tlic  name  of  atjua- 
fortu  or  single  nitric  acid,  is  obtaitiMi  by  distilling  a  mixttirv  of 
l^tre  ml  itiilpluitc  of  iron  in  cast-iron  retorts  luti-iitoUrgo  green 
ghw  reocivBis.  Ii  is  colourless,  or  has  only  a  very  Hgbt  tUwAn  of 
.  jreilow.  The  specific  gravity  of  what  is  usoally  made  in  this 
country  is  about  1*22,  and  it  contains  about  GI  per  cent,  of  real 
acid.  It  rarely  or  never  i-ontuin*  any  ir«Mi ;  but  i^  never  free 
from  mnriallc  acid. 

Mo«t  combuvtitilc  subetances  decompose  tlib  acid ;  but  it  does  ^^,;^^ 
not  act  upon  ciuLrcoul  ujid  sulphur  unless  llie  tempenitiirc  be 
elevated.  If  a  piece  of  charcoal  be  ignited  and  thrown  into 
oHioeotnUed  iiitric  acid  it  ooiitiiiuea  to  burn  with  great  violence, 
giving  out  red  vnpoun.  \V1icn  boiled  upon  sulphur  it  gradu- 
ally converts  it  into  stilphnrtc  iicid.  Phiwpliorus  wlien  tlirowa 
into  ootuentrated  uitrtc  acid  catches  fire  aiul  bums  witJi  much 
aplendour.  On  iron  concentrated  nitric  ucid  does  not  act 
instantly,  hut  if  we  derate  the  temperature  the  action  begins 
suddenly  ai>d  becomes  extremely  violent ;  mucli  heat  being 
evolved,  aiHl  e\-en  light  it  is  said;  though  this  has  never  hap- 
pmed  in  my  trial*.  It  ikIk  ul-io  with  great  violence  on  zino, 
tin,  eopper,  and  matiguncTW.  Mercury,  silver,  cadmium,  bis- 
muth, lead,  cobalt,  and  nickel,  are  dissolved  by  it  rapidly,  uud 
with  cffervesoenoc.  Vpoi]  gold,  platinum,  palladium,  rhodium, 
indium,  and  osmium,  it  either  does  not  act  at  all  or  only  very 
feebly.  Concentrati'HJ  nitric  add  sets  fire  to  varioti-t  volatile 
mIs.  Ilie  combustion  of  oils  by  this  acid  wa.«  fintt  t-Ucen  notice 
of  by  Borricltius  and  Slurc ;"  but  it  is  proituble  that  Hoinberg 
communicated  it  to  Slare.  In  order  to  set  fire  to  the  fixed  oUa* 
it  must  be  mixed  with  some  sulphuric  acid ;  die  reason  of  whidi 
Mens  10  be,  that  these  oils  contain  water,  wliich  must  be  previ- 
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oiinly  rcmovt'd.  The  sulphuric  add  comhiiion  with  t)iii*  water, 
aiid  iillows  the  nitric  acid,  or  rather  the  oil  and  nitric  acid 
lci|ri-t]ier,  to  act.  The  diying  oils  do  not  rc<jnire  any  sulphuric 
acid :  they  have  been  boiled,  and  consequently  deprived  of  all 
moisture. 

Dilute  nitric  acid  ha.<<  tlie  property  of  giving  a  yellow  colour 
to  vegetable  ami  aiiiinul  Nuhstnnces.  lu  this  way  it  dyes  the 
cuticle,  and  the  yellow  colour  liwoinea  orange  when  waslied 
with  soap,  and  remains  indcliliK-  till  the  stained  portion  of  the 
cutick'  lie  removed.  It  \»  cmploywl  to  give  a  yellow  border  to 
tliebhieor  green  woollen  cloth  used  in  this  country  for  covering 
lables.  Many  vegetable  uad  animal  subi^hniceH  when  digested 
in  it  urv  convcrleil  into  oxalic  acid,  malic  lu-id,  uirboiiie  acid, 
suberic  acid,  wax,  or  fatty  matter  UJ(c  tallow,  and  Hometimes 
nUo  into  hydrocyanic  add. 

It  has  iheproperty  of  neutralixijtgbases,  andforminji^achiu 
of  wdts  called  nitraten. 
oinrniiiim.  The  first  step  to  tlie  knowledge  of  the  constituents  of  this 
add  was  made  by  Lavoisiur,  who  proved  by  dtreet  t>xperimvnt, 
that  it  might  be  resolved  into  deutoxide  uf  axot«  and  oxygen 
gas ;  and  thut  these  two  ga«rM  when  plneed  in  contJict,  imme- 
diately reunited  and  formed  nitric  add.  He  conduded  in  cod- 
sequence  that  nitric  add  is  a  compound  of  dcutoxidc  of  azote 
and  oxygen ;  and  he  even  tried  to  delermine  the  proportion  of 
the  two  constituents,  but  the  result  obtained  does  not  constitute 
a  very  near  approximation  to  the  trntli.*  Mr.  Cavendioli 
showed  tlmt  when  azotic  and  oxygen  gases  are  mixed,  and  elec- 
tric ftparlcK  jiiLHsed  through  the  mixture  in  a  glft.''s  tube  staiuling 
ov«r  potash  ley,  the  two  g:i»e»  iniite  togetlier  and  form  nitric 
add,  which  grudunlly  satnntle«  the  pottudi,  and  converts  It  into 
nitre.  Hence  it  followed  that  the  true  constituents  of  this  acid 
are  azote  and  oxygen.  From  tJie  proportions  of  tlie  two  gases 
wliieh  disajipeared  in  this  experiment,  it  appeared  that  nitric 
acid  was  a  compound  of 

1  volume  azotic  gn.s, 

2  volume*  oxygen  gas. 

and  with  this  the  analytical  experiments  of  Bertliotlel  agrced.f 
But  it  hiLt  been  fully  established  by  numerous  experimentn, 
among  otbent  by  several  of  my  owii^j:  tliat  the  true  con^titHcnts 
of  this  acid  arc 

•Bton.  Par.  1776,  p.673.  t  Mcro.D'Arcuril.iii. 
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1    volume  azotic  p;^ 
2j  volumes  oxygvn  gas. 
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1  aiom  azote 
b  atoms  oxygon 

Bd  that  its  atomic  weight  is  6-75. 


1-75 
5 

6-75 


a.  Ht/ponitrovM  Acid. 
In  dw  short  account  of  liypnailrous  aei<I  wbich  I  luiv«>  ^ ' 
ghren  in  the  first  volume  of  ttiU  work  (p.  127),  I  tiave  Htatccl 
llwt  it  docs  Dot  seem  citpiible  of  exi.-<ii>ig  ext-opt  in  combiiiatiuii 
wilb  a  base.  How«v«>r,  M.  Dulong  has  sliown  iliat  this  opinion 
M  not  well  foundnl.  Ho  misi-cl  lofrotlicr  4  volumes  of  dent- 
oxi(U>  of  iuat<',  mill  1  volume  vf  oxyt>;<'n  ^%,  unA  oxposcil  tlic 
nUture  to  tJic  cold  produc^^d  by  a  frcoKing  mixture,  it  coti- 
dtnscd  into  ndeopg^on  liquid,  exceedingly  volatile,  and  losing 
tlw  liquid  stale  wlieu  the  cold  was  withdrawti.  Now  as  dout- 
oxide  of  azote  is  a  compound  of  equal  volumes  of  axote  and 
oxyf^n  without  any  coiMlonnation  whatever,  it  u  evideul  that 
this  grevn  liquid  wiu  a  compound  of 

^K  S  volumoH  nzotic  git«, 

^H  3  volumes  oxygen  gn«, 

^H  or  (wbidl  ia  die  Rainc  tiling)  of  1  volume  utotic  un<l  I  \  volume 

^B  oacygtti  giu.     Thi«  is  equivalent  to 

^H  1  atom  azote  1*73 

'     w(ii< 


4-76 


wbich  is  (lie  eompn«itioiiof  hyponitrousacid.  Thus  it  (ippcars 
from  Duliing'n  experiment,  ttiat  liyponitrous  acid  is  capable  of 
existing  uncombined  nnth  a  base. 

Tliis  acid  when  in  contact  with  air  mixes  with  it  and  becomes 
a  r««I  vaponr,  which  is  not  again  condcnviblo  witiiout  t}ie  appli- 
nvtion  »f  an  intense  coh).  When  this  acid  is  mixed  witli  water 
it  undergoes  n  pjirlial  decomposition.  Dc«toxid«  of  azote  is 
given  out  with  a  ntnsng  effervescence,  and  there  remains  a  solu- 
tion of  nitric  and  hyponitrous  acid  in  the  (rater.  The  same 
decomposition  takw  place  when  we  attempt  to  combine  tliia 
acid  witli  a  bi»e-  But  it  is  easy  to  obtain  hyponitrites  by 
cii>uble  dccompoaition.  The  manner  of  procee<iing  h,  to  boil  a 
mixture  of  nitrate  of  lead  and  metallic  lead  in  water ;  ii  dihy- 
poiiilritc  of  lend  b  formed.     If  this  hyponitrite  be  mixed  with 
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Lavoisier  ciidravour^d  to  prove  tliat  oxygen  oonstitiitos  an 
(■Hsential  comtitucnt  in  them  uU.  And  tliis  opinion  holds  g'ood 
witi)  the  greater  numWr  of  ucidswiiicli  chemists  were  acquaint- 
ed with  ill  liiH  time,  though  not  with  the  whole  of  thcin. 

It  is  now  kiiouii  tliat  not  merely  oxyj^en,  but  nil  tht^  other 
simpk-  mi'iiorterii,  namely,  chlorine,  hromine,  iodine,  and  flu*>- 
rinc,  arc  cap»ble  of  forming  aciils,  I>y  unitiiij^  with  several  of 
the  ncidifialilc  Uises,  and  indeed  alno  whiin  they  unite  with 
aeveral  of  the  nlluililiablo  \iivws ;  expccially  those  belonging  to 
the  last  family,  and  described  under  the  name  of  luAle  metaU. 
In  fact  tlie  greater  number  of  die  ineUils  belonging  to  this 
fomily,  are  scarcely  entitled  to  ihc  name  of  alkali fiaUt  bases ; 
though  t}iey  hardly  possess  sufBciently  energetic  diaraclers  to 
entitle  their  compounds,  if  we  except  their  chlorides,  to  bn 
considered  as  w:\A». 

Besides  the  five  siipjiortcrs,  cyiinogcn,  sulphur,  selenium, 
■uid  tellurium,  have  also  the  property  of  forming  acids  when 
they  unite  with  tlie  acidifialile  bases.  Indeed  it  is  not  impru- 
bnble  that  ibis  property  may  belong  to  most  if  not  to  the  H-hole 
of  the  acitlifiiible  biVfn,  though  at  prewnt  it  ban  only  been 
aftcertiiined  to  hold  witJi  respect  to  tliose  which  have  been  jimt 
n»ine(L  Tbits  it  appears  that  the  acidtt  at  present  known  may 
bv  dividetl  into  9  classes,  namely, 

1.  Oxygen  acidii^  6.  Cyanogen  acids, 

&.  Chlorine  acids,  7.  Sulphur  ucids, 

3.  Dromine  acids,  8.  Selenium  iicids, 

4.  Iodine  acids,  0.  Telturium  acids. 

5.  l-'luorine  acids. 

These  9  clause*  of  acid«  will  be  described  in  vuccesNion,  ko 
far  as  the  presont  imperfect  state  of  the  sdence  will  enable  us 
logo. 


I 
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CLASS  L 
OXTGEN  ACIDS. 


Tlie  acids  which  contain  oxygen  as  an  ejoential  constituent, 
have  been  longer  known  and  more  rarefully  examine*!  by 
chemists  than  those  which  constitute  the  other  eight  classes. 
I'his  is  probably  the  reason  why  they  are  nt  present  so  mncli 
more  numeroii.t  tlian  all  the  otJier  adds  ]>iit  together.  Tliero 
eaji  be  no  doubt  that  the  chlorine  acids,  and  Uiose  belonging 
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rto  «acli  of  the  other  classes,  will  increase  very  nach  in  number 
w  the  science  extends. 

The  oxygen  acids  are  of  two  kinds.    Some  consist  of  oxygen 

Baited  to  a  tungle  aciilifialjle  base  or  a  Miigic  supporter.    Thus 

tulfAuric  nind  h  a  oumpoimil  of  sulphur  nnd  ox)'gi>n ;  carbonic 

acid  of  carbon  nnd  oxyp^-n ;  :uui  bromic  neid  of  bromine  and 

mjgvru    But  there  are  u  considcrahlc  number  of  oxygen  acids 

ill  vKicb  the  oxj-gen  is  united  at  once  n-ith  two  and  Mimoiinies 

with  three  bases.     Thus  actJic  acid  in  a  compound  of  oxygen, 

cuboOt  utd  hjrdrogeo ;  while  uric  acid  \»  a  compound  of  oxy- 

,  gen,  cnrhon,  hydrogen,  and  azote.    This  M-cond  set  of  acids  is 

[Tery  niuncrotu.    They  either  exint  ready  formed  in  the  vcgeta- 

[hle  and  animal  kingdoms,  or  they  are  formed  from  vegetable 

imai  animal  bodies  by  certain  clicmica!  processes.     We  must, 

[  tli«rvfurc,  suljdittde  tlio  oxygen  acids  into 

1.  Acid*  with  a  single  base. 

S.  Ac](b  vith  a  compound  Ixise. 

The  first  of  tliew  diviHionx  includes  the  most  important  of 

IthoM  acids  that  are  employed   a»  iiii^itniments  of  elu-mical 

[ InreM^fatton.     But  tiicre  are  abto  scvcml  of  the  itci<ls  with 

I  BonpoQiMi  bases  that  are  nearly  indispeuKable  in  u  clicmicul 

laboaMory,  for  some  of  the  most  frequent  and  iiM-fnl  processes 

wUdt  the  prActical  chemist  has  occasion  to  perform.     These 

reasons  make  it  indi)<p«iiKal>le  for  us  to  take  a  view  of  these 

•cids  in  this  part  of  the  work. 
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DIVISION  L— ACIDS  WITH  A  SIMPLE  BASE. 


The  oxygen  acids  with  a  simple  base,  «o  far  as  wc  are  at  nprienfiim. 

present  acqttointed  witli  them,  amount  to  about  36.     Their  ilc'i,^*'^ 

mnes  are  as  follows : 

1.  I*erclih>ric, 

13.  I^osphori^ 

2.  Chloric, 

14.  Pyrophosphoric, 

3.  Chlorous, 

15.   Phosiihorwus, 

^m        4.  Dromic, 

16.  Hypo])ho«phorous, 

^        6.  Iodic, 

17,  Sulphuric, 

6.  Nitric, 

18.  Sulphurous, 

7.  Nitrons, 

19,   IIvposulphiiToiis, 

8.   Hyponilrotw, 

20.  Subsiilphuroux, 

9.  Curhonic, 

21,  Hy|>o«ulphuric 

10.  Oxalic 

22.  Selenie, 

1 1.  Boracic, 

23.  Solenioiis, 

IS.  Silkic, 

24.  Telluric, 

9tlMl>LK  OXVOBN  ACIDli. 


"^i  25.  Arsenic, 

26.  Areoiiious 

27.  .Antimoiiict 
128.  Antimonioiu, 

29.  Chromic, 

30.  Uranic, 


SI.  MotylKlic, 
32.  Ton^tie, 
83.  Columbic, 
34.  'niaiiie, 
85.  MungoneHioiw, 
36.  MBnganvftic 


I  shall  tako  a  view  of  eacli  of  tlie«c  iicids  iu  succcttsion. 


^ 
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SSCTtOM  I. — OF  THE  ACIDS  OF  CIILOltlNB. 

Chlorine  and  oxygen  unite  in  Uiree  different  proportions  so 
as  to  form  adds.     Tliese  are 

CtOorUit-  Oxippa. 

1.  Chlorous  ncid     I  atom  +  3  atoms 

2.  Chloric  add       1  +6 
9.  Perchloric  aoid  1            +7 

These  three  odds  have  been  described  in  Vol.  I.  p.  66 ;  t1)0 
first  under  the  name  o(  quadnxidt  qf  cJtltirine.  It  lias  been 
generally  considered  as  an  oxide,  because  when  we  attempt  to 
unite  it  with  a  base,  it  undergoes  decomposition.  However, 
if  it  be  placed  in  contact  with  an  alkaline  base  in  it>i  iiAAcent 
state,  a  combination  tiikes  place,  and  a  chhriU  is  formed  hitving 
A  peculiar  and  acrid  taste  similar  to  tluit  of  the  acid.  TheJie 
talts  have  tlie  property  of  destroying  vegetable  colours.  There 
can  be  little  doubt  that  Von  Studion's  analysis  is  accurate,  so 
that  it  is  a  compound  of 


1  atom  chlorine 
3  atoms  oxygen 


4*6 
8 

7-6 


An<l  !t8  atomic  weight  is  7-5. 

'Hie  lacts  respecting  chloric  and  perchloric  acids  stilted  in 
the  first  volume  of  this  work,  cousdtule  every  thing  hitherto 
ascertained  retipectiiig  them. 

The  circumMmice  of  two  substances,  both  of  which  are  so 
strongly  negative,  as  oxygen  and  chlorine,  uniting  together, 
scens  at  first  sight  mthor  incompatible  witli  the  electric  theory 
of  chemical  ik£Snity.  I  have  endeavoured  to  obviate  this  diffi- 
culty in  the  Introduction  to  this  work  (Vol.  I.  p.  38).  The 
affinit}'  between  the  oxygen  and  chlorine  is  obviously  weak. 
Hence  heat  which  seems  to  increiwe  the  inten»ily  of  the  negn- 
live  electricity  of  chlorine,  eusily  occasions  a  decumposilion  of 
these  acids. 


ACiaS  OF  AZOTE. 


ICCTIOK  tl.' — OF  THE  ACIDS  OP  8KOHINE  AND  lODIXE. 

Tht^  Axygeii  actdfl  of  bramine  and  iodine  liit}i«rto  otwerved 
■K  only  I  iirid  furi'itcliof  tlw«eliodi«t«,  coiiKtitulin^frrioniKBnd 
MNArBcid,  nnalt^iMitxttifiriuunps  imply  to  chloricactd.  Their 
properties  linve  been  already  dracribed  iii  p.  74  and  p.  82  of 
the  tint  volume  of  this  vfoiit.  I  do  not  notice  here  the  iodous 
oriidor  Semeotini,  nor  the  hypiodoiu  acid  of  Mi  tcberlich,  hecwne 
I  hum  already  stated  all  the  facU  respecting  (lic«4'  HiippoMCl 
•cJds  with  which  1  am  acquainted.     Bromtc  arid  is  a  cotn- 

poUIMl  of 


1  atom  bromine 

10 

^^        5  atoms  oxygen 

5 

w 

15 

iodic  acid  of 

1  atom  iodine 

15-75 

5  atgnu  oxygen 

5 

20-75 

Ifldous  acid  (if  it  exist)  ought,  (irom  analogy,  to  be  a  com- 
of 

I  atom  iodine  .  .  15*75 

3  attnna  oxj-gen        .        .  3 
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eECnON  III.— OF  THE  ACIDS  OF  AZOTE. 

Axote  and  oxyt^n  combine  in  three  propOTllunj«,  forming  ih.9 
thrf*  acid!)  whidi  luivc  tx-vn  citk-d  nitric,  nitroua,  and  hgpo- 
mtnma  acid*.* 

•  Wbcn  ifae  n«ich  cfaeiauta  oontrivad  their  new  chanicnl  nommclaiun; 
b  1T9T,  B  baw  wm  tappoicd  lo  be  rapalilc  of  unking  on\y  with  two  J»fleii 
dl  oaygca,  Uti  oi  rormbig  two  adds.  TIi<7  Jiatinguifthcd  thcic  acid*  by 
(Mktng  Uic  »dil  coataining  moM  oxygen  temtinale  in  tr.and  the  one  cor- 
taialaf  lca*t  in  on.  Thai  Mrie  acid  ooiilainx  most  oxy^n,  and  nitrovt 
•eid  IcMtf.  It  WW  iftorwarda  diftoovcrod  tlml  in  iiomc  cnsra  acidi  exist  con- 
laiiMCf  1g«*  OXjgcB  than  thote  ia  oii$.  ThcJW  uc  dUtinfiuishcd  by  (vcllxing 
the  (jIUiIm  Ikgpo,  m  hj/p^nilrotu.  The  mode  U  itill  impctr«ct.  For  some 
hwrn  unit*  with  four  or  <rven  five  doaoi  otoxj^n,  nnd  form  four  or  even 
Araadd*. 


SIMPLE  OXYGEN  ACIDS. 

<*«»»■  I.  Nitric  Acid. 

tiMgrr.  Thia  leW,  «-1iicIi  is  one  of  the  most  important  instnunenta  of 

inveaiig&tioii  of  wliich  ibc  chemiBt  U  possessed,  wnt  certainly 
known  to  Geber,  an  Arabian  diemiHt  of  tlie  7th  century,  and 
tlic  autlior  of  die  first  [iiirt-ly  I'lii'mifia!  work  with  which  wc 
iiri-  iKquainled.  It  in  nluiiyM  procured  from  saltpetre  or  nitrt, 
a  Halt  which  forms  spontaneously  on  tlic  surface  of  the  earth 
in  most  pnrts  of  the  world,  llie  saltpetre,  made  »i*C  of  in 
diL*  country,  w  imported  from  Itidiii,  wlicre  it  is  coiU-cled  in 
^eut  quuntiti(^«  from  the  sail.  It  is  aftenvard^  refined  in  Circat 
Britain,  and  made  fit  for  the  manufacture  of  ^npowder,  in 
which  by  far  tlie  greatest  part  of  die  saltpetre  imported  is 
ex])en<led.  ^alt])etri>  m  u  compound  of  nitric  acid  and  potash. 
If  Rulphuric  acid  he  mixed  witli  it,  tlic  nitric  acid  is  disengaged, 
and  may  bo  distilled  over  from  a  glass  retort  into  u  receiver. 
Nitricacidamnotbe  obtained  free  from  water,  but  (he  sulphuric 
acid  of  commerce  always  contaiat  a  sufficient  quantity  of  water 
to  supply  the  nitric  acid  with  that  et^ential  element. 

To  prepare  nitric  acid,  the  best  way  is  to  put  I2'73  parts  of 
«alt])Ctre  into  a  retort,  and  to  ))our  over  them  \'2-'25  ])art«  of  die 
sulphuric  acid  of  commerce  (of  the  specific  gravity  l'847). 
Lute  an  adopter  to  die  beak  of  the  retort,  and  fit  the  extremity 
of  the  a<lopter  into  the  mouth  of  a  glaw  receiver  amply  large 
enough  to  hold  all  the  nitric  acid  which  will  i-oine  over.  The 
retort  being  placed  in  a  siiiid  bitth  iitid  u  firo  kindled  bolovr  it, 
tlie  mixture  of  nitric  and  xuljihiiric  acid  speedily  becomes  liquid, 
and  die  whiih-  nitric  acid  may  be  distilled  over  at  a  moderate 
temperature,  and  ivithont  any  loss.  The  anhydrous  nitric  acid 
contmned  in  !ii*7i  parts  of  nitre  is  6'7ii,  and  the  water  con- 
t^iedin  12"2ft  of  sulphuric  acid  is  2-*25.  But  if  the  heat  applied 
be  not  too  great,  one-hall  of  this  water  remains  in  the  retort 
united  to  tlie  salt  of  potadi  formH  by  Uie  sulphuric  acid,  so  that 
tlie  quantity  of  nitric  acid  obtjuncil  Hboiild  weigh  7'87.'>  parts, 
bikI  its  Npecific  gravity  should  be  1  '55,  I}tit  in  gcncnil  a  little 
I  inorc  than  one-half  of  the  water  comes  over,  so  that  the  specific 
gravity  of  the  nitric  acid  obtained  is  rarely  bo  high  as  l*5.  If 
tliv  heat  applied  be  a  little  loo  high,  all  the  water  in  the  sulphu- 
ric acid  comes  civer  with  tlic  nitric  arid.  The  qtiantity  of  nitric 
add  obtained  in  that  rase  is  9  ]>ar(s,  imd  m  specific  gravity  1$ 
1-4M5.  This  is  by  far  the  most  common  strength  of  nitric 
acid  obtained  by  dib*  processi. 

If  instvuil  of  l'2"25  of  sulphuric  acid  we  mix  only  6*125  parts 
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with  12-75  of  uitre,  ooly  two-UimU  of  tlie  nitre  i»  (k*comj>OMd 
ind  cdmciii  over  tiita  (lie  receiver,  coml)iiie<)  wiiii  nil  tliv  uiitcr 
in  tilt;  sulphuric  iiriil.  M'IkUii  this  portion  luut  p»)>sv<]  ort^r,  tlie 
wUne  matter  in  tlic  rrtort  becomps  solid.  If  wv  iucreuM  the 
luAt  M  ati  to  liquefy  ihLs  salt>  it  su'clU  up  iit  coiiiiequentc  of  die 
deeoQiposition  uf  liie  reDiaiiiing  portiuti  of  nilric  aciil,  whicli 
aunot  be  digtilled  over,  beoiuM:  tlierv  in  no  more  vraler  with 
whi«li  it  can  combine.  It  i'^n^'Molved  iiito<iciitaxi<leof  uxuteund 
oxyg«n  ^;as.  The  deutoxitle  of  azote  is  Bb«orbe<l  by  tlie  iiitrie 
■ckI  already  distilled  over,  to  which  it  conununirates  a  red 
colour,  aiid  the  property  of  fuming  strongly  when  exposed  to 
tlie  air.  In  (bis  stale  it  is  distiiigtiiiihcd  by  tlie  name  of  fuming 
nitric  acid.  The  oxygen  gas  makes  its  escape,  or  it  may  be 
caUwte<i  in  a  convenient  pneumatic  apparatus. 

The  acid  olitaiiied  by  tbiii  iiroceiu  has  a  yellow  colour;  bat 
it  may  be  rendered  colourlexs  by  K!m]>ly  nLi;<ing  it  lo  the  boil- 
ing temperature  in  a  retort,  taking  care  to  rttmovc  the  n-eeiver 
white  tlte  acid  id  boiling  hot,  to  prevent  tlic  dcutoxide  of  azote 
tbOB  driven  oif,  from  being  again  absorbed  as  the  acid  cools. 
If  coounoti  nitn'  luLt  been  employed,  the  nitrie  acid  obtained  a 
alwayit  mixed  with  somr  muriatic  Nor  can  nitre  be  quit« 
freed  from  all  traces  of  common  sidt,  thougb  ropCiiledly  crys- 
tallijceii.  Dut  if  we  put  the  impure  nttric  and  Into  n  retort,  and 
dbtil  off  about  one-third  of  it  by  rather  a  slow  Are,  the  remain- 
ing two-tbirdft  in  the  retort  will  be  quite  pure,  all  tlie  muriatic 
Kul  having  {nMeil  along  with  the  acid  distilled  over.  This 
nwtliod,  finrt  propo«e<l  by  Lattsone  and  Cornette,*  I  hiive  be«n 
In  the  lud>it  of  following,  and  easily  obtain  by  meiui.i  uf  it  purv 
nitric  acid;  while  tlie  portion  distilled  over  nnnwerv  all  the 
numeroiu  purposes  ^to  which  a  mixture  of  nitric  and  muriiittc 
acids  U  usually  a]>plied. 

Nitric  acid  thus  prepared  is  a  liquid  colourless  as  water ;  but  r»i«iicfc 
if  vre  ex|MMe  it  to  tlie  ilirect  rays  of  the  sun,  or  even  to  the 
light  of  day,  it  givexout  oxygen  gas,  and  soon  assume:*  a  yellow 
colour.  It  absorbt  deutoxide  of  o/ote  with  avidity,  and  becomeit 
6rst  yellow,  then  red,  and  at  last  brown,  and  »o  volatile  that  a 
ttry  moderate  heat  converts  it  wholly  into  ^'apour. 

It  lias  a  peculiar  smell,  and  gives  out  a  white  smoke  when 
expoMid  to  the  air.  Its  taste  is  intensely  sour,  it  reddens  vege- 
table bluea,  and  oorrtKlen  and  destroys  animal  and  vegetable 
tulntanew  witli  great  energy.     Hence  it  b  often  applied  by 
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Burgeons  to  Ql  conditioned  ulcers  as  a  caustic,  and  when  bo 
Implied  it  answers  better,  and  gives  less  pain  w  hen  strong  than 
when  diluted  with  water. 

It  has  a  strong  affinity  for  water,  and  cannot  be  obtained  free 
from  that  liquid.  MHien  the  concentrated  acid  is  exposed  to 
the  air,  it  absorbs  moisture  irom  the  atmosphere.  The  follow- 
ing table  shows  the  specific  gravity  of  various  atomic  combina- 
tions of  this  add  with  water.* 


AUhiK 

AtoH  at 

AeUlnlDO 

Bpaitc 

■dd. 

ntB. 

lUtl. 

inTlIy. 

1 

85-714 

1-55 

2 

75-000 

1-4855 

3 

66-668 

1-4546 

4 

60-000 

1-4237 

5 

54-545 

1-3928 

6 

50-000 

1-3692 

7 

46-260 

1-3456 

8 

42-857 

1-3220 

9 

40-000 

1-3033 

10 

37-500 

1-2844 

11 

35-294 

1-2656 

13 

32-574 

1-2495 

13 

31-579 

1-2334 

14 

30-000 

1-2173 

15 

28-571 

1-2012 

v*A  The  boiling  temperatare  of  this  add  varies  with  its  strength. 
The  following  table  drawn  up  by  Mr.  Dalton,  from  his  own 
experiments,  shows  the  temperature  at  which  add  of  different 
dendties  begins  to  boiLf 


Sp;  garttjottU. 

8«lllii|F0lnb 

1-54        ...         175 

1-60 

210 

1-45 

240 

1-42 

248 

1-40 

247 

1-35 

242 

1-30 

236 

1-26 

332 

1-22 

229 

1-20 

226 

•  Pint  Priaciplei,  i.  114, 

t  New  System  of  Chemical  Pliiloaophy,  u.  355. 
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8«ta«»i 

M8 

223 

M7 

221 

1*16 

220 

1-15 

211> 

M4 

21!) 

We  a«i-  from  UtU  Uil>[c  tb&t  tbc  Iwiliiif;  point  of  ucid  of  tbc 
■pocifip  ferity  1  -42,  or  acid  composed  <>f  I  Uom  aci<I  4-  4  aloniii 
watu  0  a  maximum  or  246^.  The  boiling  point  of  nctd  richer 
ttxvaget  or  weiikvr  thiui  Ha*  in  lower. 

Tbe  Bcid  which  occurs  in  commerce  under  the  aamc  of  ai/ua- 
JitrtiM  or  tin^  nitric  acul,  is  obtained  by  distilling  a  mixture  of 
niCKaadBulplk-iteofiTonincast-irouietortB  lut^  tolnrgo^i'trn 
H^Hi  rsceirsrs.  It  is  colourleiui,  or  has  only  a  very  light  ihudc  of 
yeiiow.  The  specific  gravity  of  what  is  usually  made  in  this 
country  is  about  1-22,  and  it  vontaiiw  aliout  31  per  cent,  of  real 
acul  It  rarely  ur  never  contains  any  iron  ;  but  a  tutver  free 
from  muriatic  add. 

Most  cooibuBtible  subeiancM  decoinpQ«c  thb  acid ;  but  It  doM 
net  act  Vpoa  dmcoal  and  sulphur  unless  the  tem{>erBture  be 
eJevatiML  If  a  piece  of  charcoal  be  ignited  and  thrown  into 
cMcentimt*^  nitric  acid  It  ocmbnucs  to  hurii  u-itli  great  violence, 
giving  out  red  vapotin.  \Viii.'i)  boiled  upon  sulphur  it  gradu- 
ally coorerts  it  into  sulphuric  acid.  Phosphorits  when  throHm 
into  concentrated  nitric  acid  catches  fire  and  bums  with  much 
•plendour.  On  iron  concentrated  nitric  acid  does  not  act 
nMaatly,  but  if  we  elevate  die  temperature  tbe  action  be^iiut 
waMmiy  an*!  ixicoraes  extrcraely  violent ;  much  heat  iH-ing 
erotvMl,  and  even  light  it  \»  wild ;  though  this  has  nev«r  hap- 
pened in  my  triaU.  It  lu-tn  nlw  witli  great  violence  on  xinc, 
tin,  copper,  and  manganese.  Mercury,  silver,  caduiium,  tiis- 
mutb,  leail,  cobalt,  and  nidcel,  are  di.«solved  by  it  rapidly,  and 
with  effervesoenoe.  Upon  goUt,  platinum,  paUadium,  rhwlium, 
iridium,  and  oemium,  it  eitlier  doi^H  not  act  at  all  or  only  vf-ry 
hebly.  CoDcrntrated  nitric  acid  setx  firv  to  various  volatile 
oik.  Tbe  combustion  of  oilft  by  this  add  unis  first  taken  notice 
of  by  Borricfaius  and  Slare  ;*  but  it  is  probable  tliat  Hombei^ 
coairauDicaie<l  it  to  Sbre.  In  order  to  set  fire  to  tl»^  fixe<l  oil*, 
it  miuH  be  mixed  with  some  nulphuric  adfl ;  the  risuuu  of  which 
•cvnM  to  be,  llint  tiiese  oib  contain  watfr,  which  must  be  previ- 
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oust)'  removed.  Tlie  milpliiinc  acid  cnmbines  «-itli  this  water, 
am)  allows  tlK*  iiiinc  uciil,  or  nitln'r  the  oil  aiid  nitric  avid 
together,  to  act.  The  drying  oil*  do  not  reqtiire  any  stil^dniric 
acid ;  tliey  have  bocii  boiled,  aiid  consequently  dejirived  of  uU 
mobtiire. 

DihiCe  nitric  acid  has  the  property  of  giving  a  yellow  colour 
to  vegetable  hikI  siiimal  substnnces.  In  this  veny  it  dyes  the 
cuticle,  iUid  the  yellow  colour  becomes  orange  when  washed 
witli  soap,  and  remains  indelible  till  the  stained  portion  of  the 
cuticlo  be  removed.  It  in  employed  tu  give  a  yellow  border  to 
the  blue  or  green  woollen  cloth  used  in  this  country  for  covering 
tables.  Many  vegetable  and  animal  substances  when  digested 
ii)  it  are  converted  into  oxidic  acid,  malic  acid,  carbonic  aei<l, 
Euberic  aciil,  wax,  or  fatty  matter  like  tidlow,  and  nomeltmes 
also  into  liydrocyunic  acid. 

It  luLt  llie  property  of  neutralizing  base*,  and  forming  a  daM 
of  salts  cjiiU'tl  nitrates. 

The  tint  step  to  the  knowledge  of  the  constituents  of  this 
acid  was  made  by  Lavoisier,  who  proved  by  direct  experiment, 
tlrnt  it  might  be  resolved  into  deutoslde  of  azote  and  oxygen 
goa ;  and  that  these  two  gases  when  placed  in  contact,  imme- 
diately reunited  and  fonned  nitric  acid.  He  concluded  in  con- 
8e(|ueiice  that  nitric  aciil  U  a  compound  of  deutoxide  of  azote 
ttlld  oxygen ;  mid  he  even  tried  to  determine  the  proportion  of 
tJie  two  constituents,  but  the  result  obtained  does  not  constitute 
a  very  near  approximation  to  the  truth.*  Mr.  Cuvenilisli 
sliowed  that  when  axotio  and  oxygen  gases  arc  mixed,  and  elec- 
tric sparks  parsed  through  tlic  mixture  in  a  glass  tube  standing 
over  potasli  ley,  the  two  gases  unite  together  and  form  nitric 
ad<l,  which  gradually  saturates  the  potasli,  and  converts  it  into 
nitre.  Hence  it  followed  tliat  the  true  confttituentsof  thb<iu:td 
are  azote  and  oxygen.  From  tlie  proportions  of  the  two  gases 
which  disappeared  in  this  experiment,  it  ap|)eared  tliut  nitric 
acid  was  a  compound  of 

1  volume  azotic  gas, 

2  volimieji  oxygen  gas. 

and  with  this  the  analytical  experimeiitit  of  Berlhollet  agreed.f 
Hut  it  has  been  fully  e»^ud>i»bed  by  numerous  experiments, 
anHing  othen  by  several  of  my  owi],t  ^^^  ^^  Ot>^  cuiiKtituenta 
of  tluH  acid  are 


n 
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1    volume  azotic  gsa, 
S)  volumefl  oxygen  gas. 

1  atom  luote 

b  atomfl  oxygen         .         . 


'  that  its  atomic  wci|clit  is  (i-75. 


iii».i. 


1'73 

5 
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2.  Htfpo»itrtms  Acid. 

In  tbe  short  account  of  hypomtroai  acid  which  1  liavc 
gircn  tu  the  first  volume  of  thU  work  (p.  127),  I  liave  stated 
that  it  d(H«  not  Hcem  capable  of  exi-itiug  e'xcc))t  in  combination 
with  8  lnM>.  However,  M.  Dulnug  has  shown  tiiat  llita  opinion 
is  not  well  founded.  He  mixed  toj^lher  4  volumes  of  dent- 
oxide  of  azote,  aitd  1  volume  of  oxygen  jpw,  and  exposi.il  tJic 
mixture  to  iJie  cold  produced  by  a  frecxing  mixture,  it  con- 
den>ed  into  a  deep  j^reeii  liquid,  exceedingly  \-olatile,  and  losing 
the  liquid  state  when  the  cold  was  withdrawn.  Now  as  deut- 
oxiile  of  azote  is  a  compound  of  equal  volumes  of  azote  and 
uxygeu  n'iihout  any  conilensatioii  whatever,  it  i»  evident  that 
thin  green  liquid  was  a  compound  of 

2  valami>!t  azotic  gax, 

3  volumes  oxygen  gati, 

or  {which  is  the  same  thing)  of  1  volume  azotic  aiid  1  j  volnme 
ozygeo  gaa.     This  is  equivalent  to 

1  atom  azote  .         .         1*75 

3  atoms  oxygen         .         >         3 
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which  U  ilie  composition  of  h^'ponitrous  acid.  Thus  it  appears 
from  Duluiig's  experiment,  tluil  hyponitrous  acid  is  cspahlf  of 
ntistiBg  uneomhined  with  a  base. 

Tills  acid  when  in  contact  with  air  mi xch  with  it  and  becomes 
a  red  vapour,  which  Ls  not  again  cotiden»iblc  without  tin-  appli- 
eatioD  of  an  intense  coUl.  \Vhen  thb  arid  w  mixed  with  water 
it  unilergoeH  a  partial  decom position.  Deutoxide  of  BXotc  is 
given  out  with  a  strong  cflertescence,  and  there  remains  a  solu- 
tion of  nitric  aiul  liy^ionitrous  acid  in  the  water.  The  same 
drcompUMlion  taki>»  place  when  we  attempt  to  combine  tlii^ 
Mtd  with  a  base.  But  it  is  easy  to  obtain  hyponitrites  by 
double  decomposition.  Tlie  manner  of  ])roiX'<:ding  in  to  boil  a 
mixlnre  of  nitrate  of  lead  and  mctnllic  Irail  in  water ;  a  ilihy- 
(wnilritc  of  lead  is  formed.     If  this  liyponitrile  be  mixed  with 
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the  requisite  proportion  of  bisuIpluitOf  the  oxide  of  Iviul  and  tlic 
!iu]phuric  acid  ^rill  unite  and  form  an  insoluble  powder,  while 
the  hypunitrnuB  acid  will  unite  witli  the  base  to  which  the  buI- 
phuiic  acid  was  united,  and  form  a  hj'ponitrite  which  will  dis- 
solve iu  the  water.  We  may  also  convert  nitre  into  a  hy])o- 
nitrite  by  raising  it  to  an  iucipiciil  n^d  heat,  and  keeping  it  for 
some  time  in  tbiit  stnic!.  And  M'va-ial  other  nitrates  may  be 
converted  into  hypo  nit  rites  by  »  similitr  process. 

This  acid  hu»  the  curious  property  of  oombiniu);  with  several 
other  acids,  especially  with  sulphuric  acid.  If  we  pass  a  mix- 
ture of  four  volumes  deutoxide  of  luotvuid  I  volume  of  oxygen 
gas  tJirougU  concentrated  :«iilphuric  acid,  we  obUiin  a  crystalliuti 
niiuw  compuNi-d  of  sulphuric  add,  hyponilroux  acid,  and  wutcr. 
When  gently  lieuted  il  melts,  but  becomcsu^in  solid  on  cool- 
ing. Its  specific  gravity  is  1  -831.  When  heated  a  little  higher 
tlutn  270<^  it  undergoes  decompoitition,  deutoxi<le  of  azote  U  dis- 
cu^^ed,  leaving  u  mixture  of  sulphiirie  and  nitric  acids.  Tbc 
nitric  ucid  cannot  bo  expelled  by  distillation,  prolmbly  firom 
want  of  water,  without  which  that  acid  cannot  exist  in  a  sepa- 
rate state.  When  tlic  crystalline  mass  is  thrown  into  water 
deutoxide  of  azote  is  disengaged.  When  sulphurous  acid,  deut- 
oxide  of  azote,  oud  oxygen  gas  are  mixed,  the  crystals  do  not 
appear  unless  water  be  at  tlic  same  time  pT&<(eut. 

According  to  tb«  analysis  of  Henry,*  this  crystalline  nuisa  is 
composed  of 

4  atoms  sulphuric  acid  .         > 

4  atoms  water 

1  atom  hyponitrous  acid         .         .  4*75 
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If  we  suppose  the  hyponitrous  acid  to  unite  with  luilf  of  the 
■ulpluiric  acid,  tlie  remainder  will  consist  of  1  atom  sulphuric 
ucid  united  to  two  atoms  waU>r,  which  is  tlie  cumbinulioti  uf 
tlwt  acid  aiul  water  of  mott  eaity  congelation.  Is  it  to  this  that 
we  are  to  ascribe  the  state  of  crystallization  which  the  double 
acid  assumes  ? 


3.  A7frOM  Jcid. 

In  the  first  volume  of  this  work  (p.  128),  I  have  given  an 

account  of  the  method  of  procuring  nitrous  acid  from  nitrate  of 

IciiA,  an<l  likewW  its  propertied)  iiiifl  composition  as  detcnniiied 

by  Duloog.    Wiiut  is  culU-rl  fuming  nitric  acid,  contains  a  oon- 

*  Antuds  of  Pltilo*0|>h]'  (Sd  aerim),  xi-  SOS- 
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■ulvrobti*  quantity  of  nttrouti  acid.  If  vtc  AMi  miclt  aii  acid 
[by  the  he«il  uf  Ui«  uiit«r-b»tli  into  nrpcrircr,  kept  cool  by  being 
I  HDroiindcd  vritli  a  mixture  of  •inow  and  salt,  and  taking  van:  to 
I  ftop  the  distillation  before  lie  acid  in  tlie  retort  becomes  colour- 
lesB,  wliat  passes  over  is  iulrott<t  acid  of  n  dc«[>-rod  colour,  iktid 
t^  air  til  tbe  reoeirer  is  mixctl  witli  mA  a  qiumtity  of  detwe 
red  fumes  that  it  appeora  r|iiitv  ojKujitr.  Nitric  nvti!  diwolrra 
it  in  considi'n»I)le  (jiiniility,  but  only  in  fixi-d  pro|>ortiim?i.  If 
more  than  the  rt^juisilc  profwrtion  be  added,  Mitcbcrltch  has 
olMerved,  that  it  sepamlM  Irom  tbo  actd,  and  mt-ims  on  the  siir- 
ttof  as  oil  doos  on  wat^r.  ^Mien  this  acid  is  mixed  vilh  water, 
deotoxide  of  azote  ts  gii'en  out  and  nitiic  acid  formed  in  it,  and 
titil  got»  on  attgrnetiting  till  at  last  it  becwnes  altogether  a 
tombbuUlon  of  nitiic  acid  and  water.  At  least  it  becomes 
imlwiiltiW  by  absorbittg  moixturo  from  tbe  atmosphere.  Tbii* 
evolution  of  deitloxide  of  axote  ia  accompanied  by  n  change  of 
mhfiir  in  the  li(|ui<l.     It  passes  from  red  to  yellow,  then  to 

I       gmn,  then  to  bine,  and  at  last  it  becomes  colourless. 

^B      I'vo  tiifferent  opinions  Itavi'  lieen  advanced  respecting  the 

^H  nttttre  of  nitrwu  add.     Tbe  greater  iiuml>er  of  chemUts  con- 

^Bridtr  It  a*  a  peculiar  add,  composod  of 

^^^^L  ati>m  azote 

^^^^1  4  atonDt  oxygen 

^^^  5-75 

Bat  it  ta  destitute  of  the  property  of  combining  with  bases ;  no 
■och  claaa  of  nits  as  nitritea  existing.  On  this  account  Berae- 
lina  cofisideTs  it  as  a  compound  of 

»1  atom  nitric  acid  .         .         S-75 

I  atom  hyponitrous  acid         .         .         4-75 
obri 


1-75 

4 


11-50 


.nd  ban  given  it  tin?  niune  of  aciiium  nilrotonitrKum.  It  la 
obriotM  that  tbia  view  of  its  composition  ivill  come  to  the  nne 
thing,  as  for  as  the  ultimate  elements  are  concerned.  For 
nitric  acid  l»eing  a  compound  of  I  atom  azote  and  5  atoma 
oxygen,  and  hypotiilrous  acid  of  1  atom  azote  aiid  8  atoms 
oxyg«Bf  it  is  clear  that  if  we  combine  them  togetlier  we  have 
a  ootnpotuid  containiiig 

2  atoms  azat«  .         .         3-5 

6  alorM  oxygen  .        .        8 

11-6 
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Now  this  is  just  die  same  a» 
1  ntom  uzutc 
4  Dtvinit  oxygen 


1-75 

4 

5'75 


wtiicli  is  die  composition  deduced  from  the  analysis  of  Duloiig. 
As  nitrous  acid  dors  not  combine  with  liases,  it  is  a  matter  of 
indifftTcnec  which  of  diesc  views  we  adopt. 

seCTIOK  IV. OF  THE  ACIDS  OF  lARBON. 

Tiicre  are  two  acids  at  present  known,  composed  of  carbon 
aiid  oxygen,  namely,  carbimic  acid  and  oxatic  acid, 

1.  Carhonic  Acid. 

Cnrbonic  acid  exists  ready  formed  in  prodif^ious  quantity 
in  the  mineral  kingdom,  cciii>ti(uling  an  «8seniial  constituent  of 
Ciirbiiimte  of  lime,  which,  under  the  nanea  of  niurl)h>,  limestone, 
and  chalk,  occurs  so  abtin<Iantly  in  almost  c%-ery  part  of  the 
earth.  It  exists  also  in  frri-iit  ahundiinee  in  rHrbonate  of  iron  ; 
white  carbonate  of  baryli-s,  stroiitiikn,  miigiie!«iA,  lead,  -copper, 
bismiilli,  and  zinc,  oectir  also  in  grcfiter  or  smaller  qiunitity  in 
the  mineral  kingdom.  Jt  is  given  out  also  in  great  abundimce 
by  active  volcanoes,  and  many  spruigs  iji  different  parts  of  the 
earth  are  impre^iated  with  it.  It  is  formed  also  abundantly 
by  the  burning  of  wood  and  pit  coal,  and  by  the  breathing  of 
animals. 

The  exixtenco  of  tliis  nulwtance  as  an  essential  contttiluent 
of  liint'stone,  was  first  denionstnLtcd  by  Dr.  Ulaek,  who  gave  K* 
cnrbonic  acid  the  name  of  fixed  air,  because  it  exists  in  a  fixed 
state  in  these  mineral  bodies.  Its  properties  were  first  inves- 
tigate<l  by  Mr.  Cavendisli.  Mr.  Keir,  from  u  knowledge  of 
Uiege,  first  concluded  tliat  it  was  au  acid,  and  gave  it  the  name 
of  mlcfirrmu  arid.  Bergman  adopted  the  same  opinion  in 
1774,  and  gave  it  the  name  of  atrial  acid.*-.  Mr.  Bewdly 
called  it  mtpAitic  acid,  because  it  cannot  be  respired  without 
occasioning  death.  Finally,  Lavoisier,  after  proving  it  to  bo  a 
compound  of  carbon  and  oxygen,  gave  it  the  name  of  carbonie 
add,  which  has  been  long  in  universal  use. 

I  have  already  given  an  account  of  the  properties  of  this 
acid  in  the  first  volume  of  this  work  (p.  161).  I1ie  salts 
which  it  forms  wilh  bases  have  received  tlie  name  of  carbonates. 
It  is  by  no  means  a  powerful  acid,  being  expelled  by  the  greater 

*  Opute.  i  1, 
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namber  of  the  oxygen  aclia.     As  is  tbe  case  with  weak  ucids     ^S 

it  bn  the  pro[Mr1y  of  uniting  tfilli  th«  different  bases  !□  two, 

and  fr«^uently  in  tlinn^  i>r(>portioti». 

This  acid  hns  bt-rn  shown  to  b«  a  compound  of 

1  atom  carbon  ,         .         0*75 

2  atoms  ox}-gcn         .        .        2-00 


2'75 
and  its  atomic  weight  t»  2-75. 


2.  Oxalic  Acid. 

A«  the  earliest  and  U'»t  account  of  tlic  oxalic  acid  ww  pub-  oiiemwr. 
Ualied  by  Bcrfrman,  he  was  for  a  long  tjmr:  reckoned  tlie  dis- 
coverer of  it;  but  Mr.  Ehrhart,  one  of  .Sclit't'lc's  intimate 
Mrn<Is,  tnfonns  us.  (hat  tlie  world  is  iiulebtt-d  for  its  knowl<>dge 
of  this  acid  to  tliat  illustrious  chemist,*  and  IIcrmbsUwH  and 
Westmmb  assign  the  di««orcry  to  tbe  same  autbor.f  Tbe 
aasertions  of  these  gentlemen,  who  had  tlie  best  opportunity  of 
oblatnitig  accurate  infnrmiitioii,  mv  certainly  siitlieiciit  to  estaU- 
Urii  the  fiiCt,  that  Schccle  was  tlie  rrid  ditteovi-ntrr  of  oxalic  aci<l. 

This  add  vxitits,  ready  fonned,  iti  tliv  rcgetablc  kingdom, 
sonictinirM  in  the  state  of  bino.talatc  of  potash,  as  in  otm/m 
acttoaeiia  and  common  sorrel ;  and  sometimes  in  the  slate  of 
oxabte  of  lime,  as  in  the  root  of  rhubarb  and  of  many  other 
|ilanta.  I  have  given  a  short  account  in  the  first  volume  of  tbl<) 
work  (p.  172).  of  the  metiiod^t  of  prepiiriii^  tills  add.  It  may 
be  procured  altui  from  tlie  hinoxalale  of  |)ut:t.'>li,  by  diiwolring 
tbe  salt  in  bot  water,  and  adding  cuiboiuitc  of  potash  lu  long  its 
anjr  effervescence  takes  place.  Then  add  a  solution  of  acetate 
of  lead,  as  long  as  a  white  precipitate  continues  to  fall.  Col- 
lect the  precipitate,  wash  it  and  drj'  iu  For  every  18)  parts 
of  this  powder  add  6-125  parts  of  strong  sulphuric  add.  pre-  . 
vioualy  diluted  with  ten  timw  ib<  weiglil  of  water,  and  digest 
the  mixture  for  some  lime.  The  itulphuric  acid  will  unite  witii 
the  oxide  of  lead  and  form  an  iiiMrluble  powder,  while  tlie 
oxalie  acid  being  disengaged  will  remain  in  solution.  Separate 
the  salphule  of  lead,  and  concentrate  the  solution  till  the  oxaltc 
acid  crystallizes. 

Oxalic  add  thus  obtained  is  in  transparent  or  translucent  i>nv(RM. 
crystals,  which  hare  usually  the  form  of  flat  tables,  consisting 
in  reality  of  six-sided  uregular  pri«m«.     Mr.  Brooke  has  shown 

•  EUcft'o  Mi^uiae  for  Apothecaries,  ITfU,  port  L  p.54u 
f  K«ir'«  DicliMMTf . 
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that  tht:  primary  form  is  aii  oblique  four-«t(l«cl  prism.  The  figure 
in  the  margin  repr<'setit«  the  most  common  figure  of  tlie  crystals, 
ill  M-hicli  P,  M,  M'  represent  the  primary  liiwft.  The  foUowinp 
are  the  measurements  of  the  angJw  made  by  Mr.  Bro<Ac.' 


I'  on  M  or  M'  . 

980  30 

M  on  M' 

63  5 

P  on  a. 

.   129  20 

V  on  c 

.   103  13 

The  taste  of  (Jieite  crystals  ts  intensely  sour,  and  when  tnkcn 
internally,  even  tn  very  Hmall  qiuinlity,  they  act  m  it  poison. 
VVTicn  takrn  totheumount  of  about  half  an  ounce  thi-y  actK-itb 
great  rapidity,  and  dt-slroy  life  in  a  very  short  time :  when  giveu 
to  the  amount  of  half  a  drachm,  they  prove  equally  fatal;  but  not 
till  after  an  interval  of  some  diiys,  lu  haft  '■eeusliewn  by  the  expe- 
riments of  Dr.  ChriHtisoQ  of  Edinburgh.  These  crystals  arc  solu- 
ble in  about  their  ou-n  weight  of  boiling  water :  water  at  the 
temperature  of  flri'?"  dissolves  half  its  weight  of  them.  The 
specific  gravity  of  lho»olution  is  l*0593.t  One  hundred  parLHof 
boiling  alcohol  dissolve  56  parts  of  these  crystals ;  hut  at  a  mean 
temperature  only  40  purts4  Liquid  oxalic  add  has  a  very 
acrid  taste  when  it  is  concentrated,  but  a  very  agreeable  acid 
taste  when  sufficiently  diluted  witli  water,  j 

These  cr^'staht  are  composed  of  real  oxalic  acid  and  water. 
When  heat  is  a]tplied  a  portion  of  the  arid  is  driven  off,  but 
not  the  whole.  In  several  crystals  of  oxalic  acid  wliich  I 
examine<l,  exactly  luilf  the  weight  was  water.  Now  a«  the 
atomic  weight  of  tliis  odd  is  4-5,  it  is  obvious  that  tliesc  crystals 
were  composed  of 

1  atom  add  .         .        4-5 

4  atoms  water  .         .         4-5 


4 


0 

But  from  tlic  experimeiils  of  Bentelitts,  Dr.  Proat,  aixl  several 
other  persons  who  have  turned  tlieir  attention  to  the  subject, 
it  would  appear  that  in  gencrul  they  arc  composeil  of 
I  atom  acid  .         .         4*5 

9  atoms  water         .        .        3-d76 


*  Annnli  of  PhUoMphjr  (id  Mricft),  n.  1 1 0. 
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or  ihmt  they  cuDtain  one  alom  less \i-ater  llwui  the  rrjstala  wliicli     "»" '. 
I  exam'iiiett.     When  we  Iieat  these  crj'stals  we  can  drive  off         ' 
two  atoiDR  itf  tlie  water.     Hul  ibe  tliinlatom  reraainit,  aixl  isin- 
nat  be  got  rid  of  tmlenit  we  combine  (lie  a«id  to  a.  base.     F.vvii 
wlien  we  iinile  it  lo  liute,  the  oxalate  of  lime  fonaed  &tUl  retains 
the  atom  uf  wuler. 

Oxalic  acid  i*  n  miick  morfr  powerful  add  lUun  carbunic ;  jet 
it  Im  a  ten'lency  like  it  to  combine  n-itb  bttiips  in  two  or  three 
propartioiiB.  Tbc  «sUs  which  it  forms  arc  chilled  ora/atet. 
TLoagh  tl  u  composed,  like  euHionic  ucid,  of  carbon  and  oxygen,  couuniuai, 
yirt  the  state  of  the  constituents  In  it  must  be  dilTeient  from  tlieir 
Mate  in  curl>nnic  acid.  When  a  carbonate  is  heated,  ibo  civ- 
booic  arid  eiilier  remains  lixed  to  the  base,  or  it  is  driven  off 
unUtMvd.  Hut  when  an  oxalate  i:*  healed,  the  acid  nndergoe* 
dccoin{MJHiiH>n.  CVirb<itnc  acid  and  carltonic  oxide  are  usually 
driven  iiff.  und  fri.ijHenily  aquiuitity  of  ctiiircoal  tMcvolvctl,  No 
oil  Lt  vvvT  given  out,  as  linppciw  wlifu  itci<U  with  ii  compound 
la»e  are  lUstilled.  In  short,  oxalic  ucid  hears  u  strikin]^  aiiahigy 
io  nridi  wilh  u  compound  base,  tliough  it  contains  only  carbon 
and  iixyg;en.  Dulunj;  has  ondciivoure<l  to  account  for  tlii^ 
anoamly  by  coiuitlcrinj;  the  abnu  of  water  that  cannot  be  driven 
off  by  heat,  as  an  euenliiil  eonvtilucnt  of  tlie  acid.  According 
to  ihii  view  of  its  con«tiiu(ion  it  woukl  b<-  a  coni))ound  of 

4  atoms  oxygen  .         .         4 

3  atoms  carbon  .         .         1*5 

I  utom  hydrogen  .         .         0-125 
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Bui  die  objection  to  tliia  view  of  tlie  acid  in,  tlial  it  may  be 
uiitd'i!  to  M)me  liiiAi>:s  ox  oxide  of  lead  and  oxide  of  Kiiic,  with* 
out  the  atom  uf  water,  which  »eem«  ctisential  to  its  existence  in 
■o  isolated  state.  Then  its  atomic  weight  is  4-5,  and  it  con- 
■ina  of 

3  atoou  oxygen  .        .        3 

&  atoms  cwboti  .         .         1-5 

4-5 

The  &ct  that  it  is  a  more  powerful  acid  tlian  carhnnic,  lliough 
it  contjuns  les«  oxygen,  in  inexplicjible,  unless  we  view  it  a.^  an 
acid  wilh  a  ci>nipound  ba-<e.  For  in  them  the  strength  of  the 
acid  is  umloubtedly  dependant  upon  something  else  tlinn  the 
prepondemncy  of  tlie  electro- negative  constituent,  which  un- 
<loubiedIy  produces  the  effect  in  acids  with  a  simple  base. 
II.  c 
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KKCTtMN  V. ACIDS  OF  BOROK  AND  filLICOX. 

Tic  acids  fcmned  by  the  combitiation  of  tliosi*  two  bases  witli 
oxygon,  are  two  in  number.  I'lioy  nrc  botli  feeble  iicitU,  aiid 
capiible  of  combining  u-illi  bases  in  vnriou!)  proportions. 

1.  lioracit  Aciii, 

Tbifl  acid  united  to  tttAsi  (K-ciir^  in  China  and  Thibet.  It 
OM'un  in  a  free  nliile,  and  Kocinin^ly  in  great  abundance  in 
itereral  lakes  in  Tuscany,  Great  quantities  of  thin  native  acid 
have  for  some  time  been  imported  into  this  eoMiitryi  where  it 
is  com-erted  into  borax  for  tlic  use  of  the  potters,  who  liave 
been  long  in  the  hnhit  of  using  it  as  a  glaze  for  the  finer  Itinds 
of  »noni'-wan'.  The  most  (•onsider.ible  of  the  Tuscan  lakes 
which  yield  this  iicid  is  the  Cerehiiiju,  on  the  Monte  rolondo, 
ThoHjih  it  is  only  about  (fO  feet  long  and  42  ft-et  bntnd,  the  mil 
in  the  neigliboiirhood  becomes  covered  with  an  fffloreseeiice 
consisting  chiefly  of  bonicic  add,  but  mixed  with  sal  ammoniac, 
and  some  other  saline  matters. 

Itnmi-tc  acid  is  usi»Ily  prv|mred  from  homx.  l-'ouT  parta  of 
this  salt  are  diiuolred  in  boiling  water,  and  one  part  of  concen- 
trated Milplmric  acid  is  added  lo  ihe  scdtiltun.  The  horuclc 
acid  is  deptiMted  in  crystalline  ScnU-s  iw  the  litpiid  cools.  These 
scaler  arc  to  be  collected,  dried,  and  then  expooed  to  a  red  heat 
ill  a  platinum  criicihle  to  drive  olT  a  portion  of  siil|>huric  acid, 
wliicli  ciinnol  be  separated  by  washing.  It  may  Uivn  be  dis- 
solved in  boiling  water  and  crystallized  anew. 

Boracic  acid,  thus  procured,  is  in  the  form  of  thin  hexagonal 
scales,  of  a  silver)'  whiteness,  hu^Hng  some  reeemblanee  to  spcr^ 
maectl,  and  the  some  kind  of  greasy  feel.  It  fats  a  bittcrislt 
cooling  taste,  and  nt  last  leaves  an  agreeable  sweetness.  It 
has  no  smelli  but  when  sulphuric  acid  is  poured  on  it,  a  tran- 
sient odour  of  nniKk  is  prixlucviL* 

It  reildt-ns  vegclid>li>  blues  feebly.  And  Mr.  Faraday  Ihm 
likewise  renuu-kwi  that  it  n-ddcns  tunneric  paper.  Its  t^edHc 
gnivity,  wtiile  in  scales,  is  l-4^}!),t  but  after  ignition  it  becomes 
as  high  as  1-830.  J 

It  is  not  altered  hy  ligliL  It  is  fixed  in  the  fire.  At  a  red 
heat  it  raelta,  and  is  converted  into  a  hard  transparent  glasa; 
whicli  K-vomcs  Mnnewhat  Of>uque  wh<tii  cxjKMted  to  the  air,  but 
does  not  attract  moisture. 

*  Bcuai^  de  Sale  Seilul.  1 11%.  f  Kinrwi'ir  MinenJogy,  ii.  4. 
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I  have  alrewly  i>tato<l  tKut  Uie  atomic  ve^bt  of  bomt-ic  acid     "■■  >- 
ii  3,  aiid  lliat  U  is  a  compound  of  "'"^ 

1  aloiD  borou  .         ,         I 

2  moms  oxygen         ,         .         2 


TTm'  sorW  obtame<l  coiutittite  a  hydratcd  arid  composm)  of 

1  main  wid  .        ,        3 

2  U0IB8  water       .         .         2-*23 
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It  is  rerji'fiparinjfly  soluble  in  u-ati'r.  Hoitiitfrn-aKir  scarcely 
dJMtih'ca  0-0*2  of  boracic  acid,  and  cold  u-»t^*r  »  mill  Miiutllcr 
(ptuitity.  M'litu  tltit  »(iliitiun  is  diHtilli-d  in  cIum-  vcsmcU,  [lart 
of  Um  acid  evnj)ofalt!S  aJonf(  nitb  llie  water. and  crj'slallizcs  in 
tbt  r\'Ci-iver.  Water,  tliir<*fore,  rvmlcrs  it  in  some  measure 
nbtilo,  tlioujfb  it  IK  pcrft-ctly  Bxi-d  ulicii  in  a  §tate  of  dryness. 

It  U  soluble  in  iilcoliol ;  and  aJcubol  contauiing  it  burns  witli 
a  gTven  flaini\  Pagwr  dipped  itito  a  solution  of  boracic  acid 
burn*  witJi  a  green  fiame. 

Willi  tlio  aasistaace  of  a  distilling  lieat,  it  di-isolvea  in  oiLt, 
specially  in  mineral  oiU;  itnd  nitli  i)ii'm>  it  yields  Ruid  und 
solid  prutluetK,  wliicli  ^vo  »  gp^cn  colour  to  s]>irit  of  wine. 

Doncic  acid  is  an  exceedingly  fc1^lll<r  ucid ;  i-o  mucli  no  that 
k  fa  eapiible  of  acting  on  very  few  of  tlie  metals,  IndcM^d  if 
we  rxci'pt  iron  and  zinc,  there  are  none  of  tbese  bodies  wliicli 
it  u  cnpiiblc  of  <liasolving.  It  combini'^  witli  Iwistrs  in  a  great 
Turiifty  of  proportions ;  but  no  ((uanlity  nf  il  whatever  in  capa- 
ble of  dt>pnt-ijig|>otasli  or  soda  of  ibc  pr«|>erly  of  giving  II  grei'n 
oolour  to  regetabli!  blue;*. 

Tba  albt  wkieb  it  forms  have  n'reivitl  tbv  name  of  bwaten. 
Tbttir  proiwrtiM  Lave  not  been  mudi  invc^tigiited. 

2.  Siikic  Acid. 

Siliea^  or  siiitic  atid,  as  it  sliould  be  called,  cxi»t«  in  greater 
abunduuce  tlian  any  otber,  asit  entersosacon.'slttuonlintunnitit 
ui  Uie  rucks  and  stony  bo<lies  of  which  the  earth  is  conipotied. 
Tlurrv  are  no  fever  than  167  species  of  mineraU  that  contain 
rilicB  M  one  of  llieir  esseDlial  con»lituenli>.  Kock  crystal,  quartz, 
dialoctliMiy,  uiid  Hint  it>mi>i  of  silica  very  nearly,  hut  not  quite 
in  a  Ntatv  of  purity.  But  from  them-  budicx  it  i»  (-i»y  to  obtain 
It  quite  pure  by  die  following  jirocess :  Put  into  a  plulinum  rnr*'*"">- 
crodhle  eiptal  weights  of  aitbydrons  carbonates  of  jiotash  and 
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soda  wliicli  «iiter  into  rii>i»it  ut  ft  comparatively  low  temper 
tun-,  luid  to  tlie  liijuul  inmvf  tM  n  (]uiinlity  of  (lint  or  qitartx, 
previou§ly  reduwd  to  n  fine  powder.  Oirhoiiio  acid  fpw  will 
be  given  out,  and  tlie  powder  will  dissolve  in  the  alkaline  li()ui<i. 
Continue  (o  add  tlie  powder  a-t  lon^  as  ilie  effervescence  a>n- 
tiiiue*.  TTien  allow  tlic  wliole  to  cool,  and  dissolve  it  in  dilute 
muriiitic  acid,  wliicli  will  dixKolvc*  liotli  the  alkali  and  tlie  i^ilica. 
Filter  the  HoUilion  and  con«;<:-iilnit''  it  liy  <'v;i|i<initii)n.  It  will 
assume  the  form  of  a  tliick  tran^jpan-nt  jelly.  Ctinliniii-  thti 
bent  till  tlic  jelly  becomes  a  dry  powder,  and  digest  tliiif  pow- 
der for  a  couple  of  hours  in  concentrated  muriatic  cicid.  Tlieii 
add  a  sufficient  quantity  of  liotu'ater,  and  throw  the  whole  iijwn 
a  filter.  M'asb  die  silica  perfectly,  and  tlien  allow  it  to  dry. 
Finnlly  expose  it  to  »  red  heat  to  ex[iel  all  the  water  wlitcb  it 
may  rctuin. 

Pi«i»>nM  Silica,  thus  obtained,  is  a  line  white  powder,  without  cither 

taste  or  smell.      Its  particles  have  a  harsh  feel,  as  if  they  con- 
dsied  of  very  minute  grains  of  sand.  Its  specific  gravity  is  '2'tiQ.* 

It  may  be  snhjected  to  a  very  violent  heat  Mithout  undergoing 
Miy  cliiiDge.  Lavoisier  and  Morveau  i>xposed  it  to  the  iiction 
of  u  fire  inH  intuit  led  by  oxygen  ga»  without  any  nItrratioii.f 
Sauiwiire  succeeded  in  fu^in^,  by  nicoiw  of  the  Mo«'-pi])o,  a 
portion  of  it  6o  extremely  minute  as  srarcoly  1o  be  perceptible 
witliout  a  ghiss.  There  is  do  difficulty  in  fusing  it  by  means 
of  the  os)'Ken  and  hydrogen  plow-pipe. 

M'hen  silica  is  preci|>itated  from  fluowlicie  aeiil  gas  by  n'ater, 
it  dissolves  very  readily,  and  in  eonsi<]eral>li'  quantity,  in  that 
liquitL  Hut  after  igniiioii  it  lose4  iusoliibtiity  cnrirely.  When 
boiled  in  a  solution  of  carhunate  of  potaHli,  or  rarbonate  of  wkUi, 
it  dLiftoIvet  in  considenible  qutintily,  and  ihc  Kolntion,  if  con- 
centrated, platinizes  on  couliiig.  But  if  we  dilute  it  witli  boil- 
ing water,  the  silica  remains  in  solution  afWr  tlie  liquid  has 
become  cohl.  Yet  no  carbonic  acid  Is  given  off  in  lhi»  caxe. 
'I'hU  method  of  disMdviii);  silica  ui  .on  alkaline  carboiiut4>  was 
first  otMcrved  by  VkiS.  It  i»  in  ibi.i  w.iy  that  it  is  held  in  solu- 
tion by  th«  Geyser  Kprinj^s  in  Icoland. 

^loet  Bjirings  of  water  contain  a  Nmall  qiiniitily  of  hilica  in 
solution.  Tlie  only  acid  which  dissolves  it  uf^er  ignition  is  the 
fluoric.  Tltts  property  enables  »s  to  apply  fluuf  spar  with  great 
advantage  to  the  analysts  of  minerals.  If  we  mix  a  mineral  to 
be  analyzed  (previously  reduced  to  due  powder)  with  fliior  n|mu- 
and  sulphuric  avid,  and  heat  tltc  mixture,  tlie  whole  xilica  will 
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ocBpe  in  combinatina  with  tiie  fluoric  add;  and  the  alkali,  if     n**L 

toy  he  pre»eai.  may  be  obtained  in  tJie  state  of  sulphate  by ■ 

£^esiing  tbf  residua)  matter  iritb  water. 

£SUea  baft  ibe  property  of  rumbiiiiDj;  in  definite  proporliADii  )ir<ic*«. 
with  water.  Hut  the  compound  ix  luit  very  intimate.  Vet 
that  an  affinity  exists  between  silica  uiiit  water  in  obvious  from 
the  gelatiuous  state  whiclt  it  nMumes.  Ge.hitiuous  silica  allowod 
to  dry  in  the  o|>cn  air  till  it  ccasra  to  wet  pa\KT,  tJiough  still 
rvtluning  ita  sl:iU-,  u  a  compound  of 

I  atom  MiUcB  .  '2 

13  fttums  water  .         U-62d 


16-6-25 
When  tlie  jelly  is  allowed  to  dry  in  tlic  opcti  air  it  aASumea 
th«  a|>}K-arance  of  gum  anibic,  or  indeed  of  clialcvdony  (oidy  it 
wasta  the  hordueM  of  that  miueral).     lu  that  state  it  is  a  cotn- 
pomd  of 

1  atom  ftilica  .        ,        2 

1  utuin  water  l-\'2o 
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When  silica  i»  fomfd  with  an  alkaline  carbonate,  if  we  dLaiolvo 

the  autu  in  a  small  (]uuutity  of  water,  light  white  flocks  of  iulic« 

mnain.      ^Vh<-n  tlil-M.'  flitck^  an-  u-ailied  and  diii^d  in  a  tempe- 

,  Atw  of  about  H5'°,  they  constitute  a  dihydmtc  composed  uf 

2  atoms  nilica  .         .         4 

I  atom  water  )-l2A 
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Tbougli  ulUca  does  not  redden  vegetable  bhies,  yet  it  enters 
into  itofiiittv  i.-tMuptmniU  wiib  thi-  dilTorent  liiL'^e*,  and  forms 
line  coni|K>Hnds  which  arc  distiii^ii«hed  by  the  n<iinc  of  n'/i- 
'es.  Like  other  weak  acids  ■'  is  ntpiible  of  ciitcHiig  into  a 
It  rarii'ty  of  combinations  with  bases.  The  contpoiiuds 
it  forms  are  fre<|nently  so  iiitiinnte,  tliat  no  otlier  acid  is 
■pcble  uf  removing  the  base  ami  setting  the  Kilica  at  liberty. 
be  ditrrmit  kinds  of  gUtvt  cou>i«t  of  two  or  more  nilicatc* 
cllr)!  tofretber.  SillcatM  of  p»tiL<b  and  of  Kod;i  an-  soluble  In 
r,  but  W'lien  u  little  of  lUi  cjirlby  silicutc  is  added  the  glass 
become*  insoluble. 

I  hare  kIiowu  in  Iho  (int  volinnv  of  tltU  uork  (p.  225),  tlint 
liie  atomic  weight  of  «ibi,-a  u  2,  and  that  it  is  a  compouml  of 
•  Rrei  Principles  >■  '("• 
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1  atom  silicon 
1  atom  oxygen 


SECTION  VI. — OF  THE  ACIDS  OF  PHOSPHOftUB. 

Phosphoms  combines  in  various  proportions  with  oxygen, 
and  foirms  at  least  four  acids,  of  which  I  shall  treat  in  the  pre- 
sent section. 


FnfUHioii. 
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1.  Phosphoric  Acid. 

This  acid  exists  chiefly  in  the  animal  kingdom,  where  united 
to  lime  it  constitutes  about  ^ths  of  the  earth  of  bones.  It  occurs 
also  in  the  mineral  kingdom,  constituting  13  mineral  species  in 
which  this  acid  occurs  united  to  different  bases,  as  lime,  mag- 
nesia, alumina,  oxides  of  iron,  copper,  uranium,  &c. 

It  is  usually  procured  from  earth  of  bones,  and  I  have  given 
one  of  the  easiest  processes  in  the  first  volume  of  this  work 
{p.  237).  We  may  obtain  the  acid  likewise  by  burning  phos- 
phorus in  a  porcelain  cup,  and  covering  it  with  a  glass  jar  capa- 
ble of  holding  about  300  cubic  inches.  .  The  phosphorus  bums 
with  splendour,  and  a  white  smoke  rises  which  condenses  upon 
the  inside  of  the  glass  like  flakes  of  snow.  This  combustion 
may  be  repeated  { taking  care  to  renew  the  air  of  the  jar  every 
time),  till  we  obtain  enough  of  phosphoric  acid  for  the  object 
in  view. 

Another  method  (first  put  in  practice  by  Lavoisier),  is  to  dis- 
solve phosphorus  by  boiling  it  gently  in  a  retort  with  twelve 
times  its  weight  of  strong  nitric  acid,  previously  diluted  with 
twice  its  weight  of  water.  The  solution  goes  on  with  effer- 
vescence, deutoxide  of  azote  being  evolved.  A  receiver  should 
be  attached  to  the  retort,  and  after  the  phosphorus  is  dissolved 
the  nitric  acid  should  be  gently  distilled  off,  till  the  and  in  the 
retort  acquires  the  thickness  of  a  syrup.  It  is  now  to  be  put  into 
a  platinum  crucible  and  gradually  raised  to  a  red  heat.  It  gives 
out  water,  and  melts  into  an  oily  looking  liquid,  and  by  continu- 
ing the  heat  it  becomes  at  last  a  transparent,  colourless  liquid  like 
water,  which,  on  cooling,  assumes  the  appearance  of  perfectly 
limpid  glass.  In  this  state  I  found  it  a  compound  of 
I  atom  phosphoric  acid  .  .  4-5 
I  atom  water       .         ,         .         .         1*125 
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Itraa  llierefore  a  liyctrate  uf  phtMiplioric  a^Jd.  By  (.■ontiniung 
iIm  heat  moiv  of  tlw  wali'rmiiy  1k' driven  off.  Diiluiigobrnined 
it  conpuNiNl  uf  ulino«t  rxacdy  one  atom  uf  uctd  und  one  alom  of 
wUcr  tut  I  did,  but  M.  H.  nose,  by  continuing  the  heat  totiger, 
reduced  tlie  water  so  mucli,  tUat  wltat  renmiited  was  a  eon> 
pOBlld  of 

Pliospkoric  acdd         .         .         4-5 
Water  .         .         .         0-469 

Now  0-469  uf  water  is  not  initeli  more  tliiui  ^  of  an  atom. 
Rose,  therefore,  liad  obtained  uciirl)-  a  trialiydraie,  or  cs>in> 
pound  of 

3  atonui  aciil  .         .         18*6 

I  atom  water  .        .  l-t'23 
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Bat  however  long  continued  tlio  heat  may  be,  we  ouinot  drive 
off  the  whole  of  the  wuter. 

Though  ifae  volatility  of  this  acid  be  iticonsidemble,  jet  at  a 
red  heal  it  rices  in  a  M'liitc  emoke,  and  inij^bt  probably  be  <li»- 
vpated,  were  the  lical  long  enougli  contiuuotL  With  the  vapour 
of  water  it  volatilizes  very  perceptibly. 

Tlte  specific  gravity  of  tliia  add,  in  a  state  of  dryness,  is 
3-887;"  in  the  state  of  gift*.-*,  2-e3l6;t  in  tlie  itate  of  delique- 
scence, l-41".t 

'Ilii'i  acid  is  very  soluble  in  water.  When  in  the  state  of 
white  flakes,  it  diiwolvcs  with  a  lil)»ing  noi«e,  eiinilar  to  that 
Bade  by  rcd-but  inni  pKingcl  into  v.-nler.  When  in  the  state 
of  glUM  it  lJt^Nl>lvl•K  iniicb  more  slowly.  The  beat  evolved  dur- 
iitg  tlic  combinution  of  this  uctd  und  water  is  much  inferior  to 
that  evolved  when  sulphuric  add  enters  into  a  similar  combi- 
nation. Phosphoric  acid  obtained  by  deliquescence,  when  mixed 
with  an  i-<{uii]  (juantity  of  diiitilied  water,  aecjuired  so  little  heat 
at  to  raice  the  Ihernicitneter  only  one  degree,  a»  Mr.  Koge 
ohMrred.  M.  [^voislvr  ndsed  the  ilH'nnumeu^r  from  hd"  to 
93°  by  mining  phosphoric  acid,  l>oiled  to  the  i-oiiisiKli-nce  uf  a 
ayrup,  with  an  e<iiial  quantity  of  water;  and  from  50*  to  104° 
when  the  aci<t  was  as  thick  aa  turpentine.}  \\'hen  the  flocks 
of  tbb  add  have  Wen  ignited,  ttiey  resist  Holulion  in  water  for 

fioasiderablo  time-,  and  dual  about  in  it  not  unlike  docks  of 
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04  SIHFLli  OXVGEN  ACIDS. 

co«  !•  silica.  Yet  they  at  last  disappear,  and  constitute  a  limpid  sola* 
~-  tion,  provided  the  phosphoric  acid  be  quite  disengaged  from  a 

base. 

Though  this  acid  acts  with  but  little  energy  upon  animal  and 
vegetable  substances,  it  combines  readily  with  bases,  and  forms 
a  class  of  salts  called  phosphates.  Its  tendency  to  unite  with 
these  bases  is  very  energetic,  and  when  assisted  by  heat  it  is 
capable  of  driving  off  all  acids  which  possess  volatility,  even 
sulphuric,  nitric,  and  muriatic,  which  have  a  stronger  affinity 
than  it  for  bases  by  the  moist  way.  It  has  the  property  oS 
uniting  with  most  bases  in  a  variety  of  proportions,  and  the 
alkaline  phosphates  crystallize  most  readily  when  they  contain 
two  atoms  of  acid  united  to  one  atom  of  base. 

When  dropt  into  a  solution  of  nitrate  of  silver,  a  yellow  pre- 
cipitate talb,  which  is  a  subsalt  This  tendency  which  it  has 
to  form  subsalts,  makes  it  very  difficult  to  analyze  the  phosphates 
by  precipitation.  We  can  dissolve  iron  and  zinc  in  dilute  phos- 
phoric acid,  but  scarcely  any  of  the  other  metak.  The  phos- 
phates are  best  obtained  by  double  decomposition.  A  great 
number  of  them  are  insoluble  in  water ;  but  they  all  dissolve  in 
nitric  and  muriatic  acids. 

I  have  shown  in  the  first  volume  of  this  work  (p.  238),  that 
phosphoric  acid  is  a  compound  of 

1    atom  phosphorus       .         .         2 
2^  atoms  oxygen  .         .         2'5 
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2.  Pyrophosphoric  Acid. 
Otamrj.  In  the  year  1827,  Mr.  Thomas  Clark  of  Glasgow,  observed, 
that  when  the  common  phosphate  of  soda  of  the  shops  was 
exposed  to  a  red  heat,  its  nature  was  altered.  When  the  ignited 
salt  was  dissolved  in  water  and  crystallized,  the  shape  of  the 
crystals  was  quite  different  from  that  of  common  phosphate ;  it 
contained  only  half  as  much  water  of  crystallization,  and  it 
was  not  the  least  altered  by  exposure  to  the  air,  whereas  com- 
mon phosphate  of  soda  speedily  effloresces.  When  a  solution 
of  this  new  salt  was  dropt  into  nitrate  of  silver,  a  white  preci- 
pitate fell  consisting  of  neutral  phosphate  of  silver,  whereas 
common  phosphate  of  soda  throws  down  a  yellow-coloured  sub- 
Bait.  Mr.  Clark  gave  to  his  new  salt  the  name  of  pyrophos- 
phate of  soda,  and  to  the  acid  which  it  contabs,  and  which 
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obrbtiuly  possesses  lUffereot  properties  from  llioee  of  common 
pbokphftric  4eii),  tlit*  iiiirotf  wX  pi/rophotpAorie  acid.' 

M.  Stfomcyrr  uf  Ooitiiiiris)  informs  tis  ili:it  one  of  his  pupib 
bad  wme  yMn  ago  nnulf  u  similar  obNervation  with  Mr.  CUui:. 
that  iifniu^  plioepliate  ufmKU  prccijiiuiieil  wlvi-r  ulitte.  And 
SUitmeyer  himself  luid  usecrbtiued  tititi  plinoplioric  iieid  pre- 
pueiJ  b\*  means  of  nitric  acj<l  from  ptKvspltartiit,  nnpiirvd  tlio 
•UBT  pro)>erties  by  i£ni(ion,  nnd  tluil  pliwpliorie  nc-id  jin-piintl 
by  bumin|^  ptraspliorus  possesses  it  also.  Slromeyer  resumed 
lin  !nv(.>>i!^tion  of  the  subject  after  the  publication  of  Afr. 
Clarii'*  paper,  aiul  aAcerLained  iluii  l)ie  cliiiraeli-n  anil  4-(in))>o6i- 
tioa  of  llir  pha^>liBle  and  ])yn>phii>pli;i(e  of  silvrr  !irr  quite  dif- 
fprenL  lie  found  tbat  wbrn  pyrnpliosplmte  of  silver  and  pho<^ 
plale  of  soda  arc  boiled  toi^tlier  r  double  decompositiuti  takes 
place,  uiid  there  are  formed  phosphate  of  silver  and  pyroi>ho«- 
phalo  of  mkU.  All  the  other  pyrophosplmtes  trie<l  were  etjually 
drcmnpoMH)  by  phosphate  of  soda.  He  found  id.Mt  that  when 
nitruir  of  nilver  was  dropt  into  a  mixture  of  phavphuf^  and 
pyrapbotqihalt-  "f  r>iida,  phonphate  of  MJvei-  pn-ripitates  first  and 
aft«rrwtud«  pyro]i|ii»{>liate  of  silver.  It  is  obvious  from  this 
that  pyropbo»{)hoTic  aci<l  is  a  weaker  acid  tlinn  plios|ihoric. 
The  pyro]>hiNiphate)i  uf  lead,  mpper,  nickel,  cobnit.  uranium, 
bikinulh.  innu^iiese,  mercury,  gluciiia,  and  ytlriji,  are  nr<li«- 
•olvnl  with  great  fueility  by  an  excess  of  pyr»phos|>hute  of 
NHbi.  White  the  precipitates  produced  by  phosplute  of  soda 
are  not  retitwolve*!  by  an  exe»s  of  (bat  Halt,  tJiis  shows  very 
clearly  thnt  the  pyropliD«pluit«>H  have  a  much  greater  leu<leiiey 
to  form  duubli'  Mdln  tlinii  the  phoii]>liat<^'s.f 

h  a  clejLT  fnKU  all  this  ihnt  pyrophuephoric  and  ])hoKpboric 
acids  poasess  quite  dislincl  chiimcters.  But  Stromeyer  hns 
»kmra  tliat  the  proportion  of  tlte  elements  of  bolli  is  exactly 
tlw  mmtf  each  being  a  compounil  of 

]    atom  phiri|)horuM       ■         .         Q 
2^  atoms  uxygeu  .         .         2-5 
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t  WW  UMiiiced  at  the  request  of  Mr.  Clark  to  examine  the  con- 
Mhmion  of  bis  pyrophosplinrie  acid  ul  t)ie  time  of  Jm  dis<.-ov«ry, 
and  1  wa«  surprised  to  find  ilutt  its  atomic  weif^ ht  vnt-t  precisely 
dw  mmt  M  that  of  cominon  phosphoric  HciA.  To  what  then 
lo  owribe  Un^  difference  between  these  In-o  iicids  ?  The 

•  BeewMo't  Gdia.JenrHl.vit.  i06. 
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c^>l^  I.  atoms  of  wliJch  lliey  aro  composed  amount  to  3J ;  or  if  we 
think  it  necessary  to  get  rid  of  tlie  hulf  tilom,  by  doiiblin|<^  the 
number  of  atoms  then  the  atoms  M-ill  nmount  to  7.  of  which  2 
are  phosphorus  and  5  oxygen.  Now  it  is  perfeetly  coneeirahle 
that  7  atoms  may  arrange  themselves  two  different  ways,  and 
Uiat  when  in  one  arrangement  they  may  form  phosphoric  acid, 
and  when  in  another  pyrophosphoric  acid.  We  shall  find  as 
we  proceed  thitt  these  two  acids  arc  not  the  only  ones  whose 
atomic  con.siitiition  i.s  the  same.  Tlu-rc  arc  »cvcnU  olhem  in 
exactly  tlie  same  circumstances,  and  doubtless  new  ones  will 
come  under  our  review,  as  the  science  of  chemistry  continuca 
to  advance. 

It  is  evident  from  tJie  analj"ses  of  Stromcyer,  that  the  pyro- 
phuMphute  of  silver  is  a  compound  of 

1  atom  acid  .         .         .  4*5 

I  .itiim  uxide  of  silver  .         .  14*75 

wliUc  the  yellow  phosphate  Is  a  compound  of 

1    atom  ueiil        .         .         .  4'5 

I J  atom  oxide  of  silver  .         .         22' I  S3 
AH  thft  salts  of  the  pyrophosphoric  acid  seem  to  be  neutmt, 
while  many  of  tlie  phusphnles  liave  an  exccsa  of  base  or  of  ncid. 

3.  PhoaphoroH*  Acid. 
The  mode  of  forming  th)»  aeid  i)y  ntean««  of  sesquichtoride  of 
pliMphonis  first  employed  hy  Sir  II.  Davy,  has  been  given  in 
the  first  volume  of  this  work  (p.  23!)).  It  may  bi^  obt(iine<l  in 
all  aiiliydrous  slate,  or  nearly  so  by  burning  pho>t:]ihonft  in  a 
glass  tube,  drawn  out  at  one  extremity  into  a  capillary  orifice. 
The  phosphorus  when  heali-d  Kufliciently  burns  with  a  greenish 
flume,  uiiil  gives  out  Init  little  light,  and  thu  phosphorous  acid 
formed  is  condensed  in  the  inside  of  the  tube  in  tlie  Kliite  of  a 
white  powder.  In  this  state  i(  is  volatile,  and  may  be  drtven 
by  the  lieat  of  a  lamp  from  one  part  of  the  tube  to  unotber. 
When  brought  into  the  open  air  it  catches  lire  and  btirii«  witli 
spk'iuloiiT,  being  converted  into  phosphoric  aci<i ;  but  if  wc 
alkiw  it  to  remiuii  in  the  tube  it  gradually  absorbs  moisturCi 
Hiid  is  converted  inti)  a  liipiid. 
ivtrujiisn.  According  to  Drocjuet  the  easiest  method  of  obtaining  this 
arid  is  to  put  a  qiuuitity  of  phosphorus  into  tlie  boitom  of  a 
glass  cylinder,  with  a  narrow  orifie*  filled  with  hot  water,  and 
by  means  of  a  glass  tube  t4>  mii^  u  current  of  chlorine  gas  paM 
llirough  the  liquid  phosphorus.  It  is  uistuiilly  abiturbed.  The 
proeew  is  to  be  continued  till  tlie  clilotine  gtts  begins  (o  disen- 
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gaffe  itself  frata  0>e  plioephorus,  when  we  must  stop,  otbera-isc 
|(lui»{)boric  acid  wuuld  he  form«l.  Ses(|ui chloride  of  pltospliorus  _ 
ift  formed  and  decomposed  by  thi-  watvr  itiUi  inurialic  ucid  and 
pbo^»hocoi»  aod.  VVheti  tlto  whoiv  has  become  cool  tl>u  liquid 
poitian  b  decunliil  off,  «iul  die  muriatic  acid  i§  scparattsi  by 
distilling  it  in  a  retort  till  it  becoroe»  of  a  syrupy  consistence. 
If  we  now  put  it  under  tlic  exhausled  receirer  of  an  air-pump, 
togetber  with  pieoeo  of  Holiil  poUuli  to  absorb  tin-  H':itor,  and 
any  nuriido  uid  thiil  may  Ik-  evolved,  the  pbosplioroua  acid 
gntdually  shoots  into  tranflpmcnt  pritimatio  cr)-Ntal9. 

Davy  aKeflaincd  that  tcu  parts  of  il  when  heated  in  close  c 
nm-b  IvfV  &■&  parts  of  pbosphuric  acid,  und  gave  oiT  1'5  partu 
of  sTAquihydrct  of  pIiiiApbaru.s.*    Tkb  would  make  the  crj'stals 
to  be  composed  of  nearly 

■1    atoms  phosphorous  aci<I, 
1^  atom  of  water. 

But  the  experiment  couhl  not  be  correct,  brcaa«e  the  phos- 
phorle  acid  would  rciiiia  u  certain  (jiunitity  of  wat«T. 

PhiMpliorous  Rci4l  luui  an  iivt^l  tiKslc,  und  rcddci»  vegetable 
blue*.  It  w  obviontdy  »  verj'  feeble  acid.  VHicn  exposed  to 
the  air  it  absorbs  oxygen,  and  is  contorted  into  phoipboric 
add:  but  tlits  change  goes  on  very  slowly  if  tlie  ac!<l  be  con- 
epRtmted.  It  k  much  more  rapiti  when  the  acid  v*  <lilntcd  with 
water.  Wbi^n  we  mix  it  with  oxidrM  or  sdtn  that  eiwily  jwirt 
with  oxygi-n,  ii»  for  exiuii|>k>  with  oxide  of  mercnrj-,  it  is 
iostuitly  conrerted  into  |)hasphoric  acid,  and  the  oxide  is 
reduced  to  the  metallic  state.  If  we  attempt  to  dlvwlve  iron 
or  zinc  in  ihift  acid,  sestjuiliydrcl  of  [tlioiiplioruN  Is  given  out, 
and  a  plii)s|iluite  of  the  iron  or  sine  formctl. 

We  Miigfit  repr<>JH>nl  phos^ihoraiu  Hci<l  as  a  compound  of 

9  atoms  pbo^horic  acid, 

2  atoms  phoLiiphonis. 

For  3  atoms  p(>osj>horic  add  are  composed  of 

3  alomf  phiHphoruR, 
7^  iKoins  oxygfii. 

If  to  this  we  add  3  atoms  of  phosphorus,  we  liavc  a  oom- 
pouiul  of 

5    atoms  phosphorus, 

7j  atoms  oxygen. 
Now  tUl  19  the  same  thing  as 

•  FluLTraii».  ISICp.Mft 
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"■^  ••  1    atom  phosphorus  .         .         2 

li  atom  oxygen  .         ■         I'S 

3-5 
which  has  been  shown  (Vol  I.  p.  239)  to  be  the  constitution 
of  this  acid.  When  heat  is  applied  the  two  additional  atoms  of 
phosphorus  are  separated,  and  coming  in  contact  with  the  water 
chemically  united  to  the  acid  they  decompose  it,  and  are  con- 
verted into  phosphuretted  hydr<^eii  and  phosphoric  acid. 

When  phosphorus  is  allowed  to  undergo  slow  combustion  by 
exposure  to  the  atmosphere,  it  runs  into  a  liquid  having  the 
smell  of  garlic,  and  an  exceedingly  sour  taste.  This  liquid 
was  considered  by  chemists  as  pure  phosphorous  acid,  till 
Dulong  and  Thenard  showed  that  during  the  process  it  was 
partly  converted  into  phosphoric  acid.  According  to  the  expe- 
riments of  Dulong,  this  acid,  to  which  he  gave  the  name  of 
phospfuUic  add,  is  a  compound  of 

100  parts  phosphorus, 
109  parts  oxygen. 
This  comes  very  nearly  to 

2  atoms  phtsphoric  acid, 

1  atom  pliosphorous  acid. 
But  there  cannot  be  the  least  doubt  that  the  proportions  of 
these  acids  vary  exceedingly  according  to  tlie  temperature  and 
the  state  of  the  atmosphere  when  the  acid  is  formed.  It  can- 
not, therefore,  be  considered  as  any  thing  else  than  a  mixture 
of  the  two  acids  in  various  proportions  according  to  circum- 
stances which  cannot  easily  be  appreciated. 

4.  Hs/pophosphorovs  Acid, 
I  have  given  an  account  of  the  formation  and  constitution  of 
this  acid  in  the  first  volume  of  this  work  (p.  240).     M.  H. 
Rose  has  shown  that  it  b  a  compound  of 

2  atoms  phosphorus  .         .         4 

1  atom  oxygen  .         .         1 


It  is  therefore  quite  similar  in  its  composition  to  the  hyposul- 
phurous  acid  of  Herschel.  Its  taste  is  sharp  and  very  sour.  It 
combines  with  the  different  bases,  and  forms  salts  to  which  the 
name  of  kypophoapkitea  has  been  given.  They  are  distin- 
guished by  their  great  solubility  in  water.     Not  one  having 
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be«n  yet  examined  whicli  floe«  not  posses  this  propcrt)-,  while 
many  of  tti4'  pliospbatfa  aiul  phfl4i|ihit««  ntf.  instihible. 

SCCTIOK  VII. — ACIM  or  HPLPHUR. 
Sulptlur  and  oxypcn  cutnbine  in  a  great  vuriviy  of  propor- 
lions,  and  furm  no  fewer  tlian  5  acids,  sume  uf  wliich  are  of 
great  impurbiiicc  l>oth  to  tlie  eliemiitt  and  the  manufacturer. 

1.  Svtp/turit^  Arid. 

Thia  ncitl,  winch  \%  npon  tlic  whole  the  most  essential  of  tlii;  »B"^. 
wholo  tribe,  npjwiuK  to  have  been  known  tn  (ieber  as  early  aa 
the  7th  century.  Fwr  the  first  greiii  imptnvenient  in  tlie 
isntliud  of  mannfartnrin^  it  we  are  iitdebtwt  \o  I>r.  Koebuck, 
wluMc  establishment  in  Prestonpans  in  .Seotlcui'l  w:w  not  broken 
up  till  about  the  year  IftSfl.  IVnligious  improvements  Iwivc 
been  iDtrodticed  into  ibe  niiflhml  of  making  sulphuric  nctd  since 
tbe  commL'tieenM^nt  uf  tiic  present  eenltiry,  and  the  price  bos 
been  reduCT-d  from  ninepence  |>er  {Mutul  lo  less  than  three 
kalfpennr,  whik-  the  qiuiltly  huH  been  nilbcr  inipruved. 

There  arc  two  dilTercnt  methods  of  making  it  in  u»c  aioor^  s«Jh««« 
nuuiufactiiren.  Tlie  first  whieh  is  practiaed  at  Xordlutusen  in 
Germany  yields  a  dark -eitlou red  fnming;  acid,  whieh  is  chiefly 
tued  fur  diMudvitig  indij^  for  the  Saxun  dye.  In  (Iit^  raanu- 
6wtary  il  Ik  pre[KUMl  from  siilpliale  of  iron.  It  is  beated  in  a 
tnlcjiiinfr  fiirnan',  which  cxjk-Is  most  of  the  water  <if  i-r^xtalli* 
atjon,  and  at  the  same  time  peroxidiies  the  iron  whieb  it  con- 
laina.  It  is  then  pnt  into  stoneware  retorts,  and  exposed  to  a 
kont  f^railiLally  raised  nearly  to  whitenci*^  'I1ie  aeid  leaves 
llie  oxide  uf  iruii  and  piUM-x  into  the  receiver  in  com  hi  nation 
witli  the  small  (|iuintity  of  n-uti-r  which  tlie  calcined  vitriol 
retained.  Acid  pr<-pcired  in  thn  way  is  known  by  the  name  of 
/mKiug  acid  of  Nordltaiisen. 

'I'be  process  followed  in  (ireat  Drilain,  and  which  ha«  been  """rtiwo. 
adojiied  in  most  other  countries,  is  much  more  economical ;  but 
the  acid  which  it  furnishes  contains  a  greater  ([uantity  of  water. 
Large  chainl>ere  are  erected  liiu^!  with  sheet-lead,  about  70 
feet  long,  'iO  witle,  and  as  miic)i  in  height.  At  one  enil  of 
tbeM  duunbers  is  a  kind  of  benrth,  tlic  diiinney  of  which  com- 
municaies  witb  the  chnmber.  On  this  henrtb  tlie  sulphur  from 
which  the  Kulphuric  acid  h  made  i«  put  and  kindled.  By  a 
very  iugetiioiDt  contrivance  a  strong  draft  of  air  is  made  to  puss 
liver  this  lieartb  into  the  duunbcr,  no  tliat  the  sulphur  bums 
briskly,  and  is  convened  into  sulphurous  acid,  which  passes 
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'*^'-  into  tlic  Icmden  diiimbcr.  Upon  tlitf  burning  oulplnir  U  pUced 
an  iron  biuiii,  contuiriiiii;  a  qiiunlity  of  siltiietxe,  mixed  wiUi 
the  requisite  quantity  of  Ntilphtiric  ucitl  to  jiroihtce  coni)ilt:tu 
<Iecon)]>o8ition.  The  hent  of  the  burning;  t>ul|i)iur  in  MifHcient 
to  heat  this  mixture  siifEeiently  high  to  drive  ofT  (he  nitric  iirid 
in  >'n|)our,  u-hicii  passes  into  the  leaden  chamber  mixed  with 
the  tuIpliurouH  acid.  Thv  bottom  of  th»  b-adeu  chajnber  i» 
covered  with  wiUiT  to  the  dojith  of  about  4  inches.  The  con- 
sequence of  this  is  timt  the  uir  of  the  ehnmber  iiUvuys  Oi»it»ins 
»  quantity  of  vapour  of  water.  The  nitric  acid  fumes  speedily 
convert  a  portion  of  the  sulphurous  acid  into  sulphuric  and, 
which  falling  by  its  weight  into  (he  water,  at  the  bottom  deut- 
oxide  of  lutole  in  ilincn^ruireil  in  the  |r:utc(>ii«  fonn.  It  speedily 
unites  to  an  atom  of  oxygen,  and  is  i-unvurtcd  into  hy])0nitrouR 
acid.  Now  when  hyponitroiis  acid,  sulphurous  acid,  and  %'spuiir 
of  water,  meet  together,  they  imite  and  form  a  crystalline  body, 
having  considerable  re&einblancc  to  glauber  salt  in  its  appear- 
ance.    This  Eiatine  matter  is  probably  a  c<iin])ound  of 

1  atom  ■uljiliiirinii*  aciil, 

1  atom  hyponitrouN  acidi 

1  alum  wutcr. 
When  it  comes  in  coiitjict  willi  water,  the  liypDnilrouH  arid 
juirlx  with  un  iitom  of  oxygen  to  llii-  Milpiiurous  acid,  and  con* 
vert.-<  it  into  Kiilpliuriv  acid,  while  tlie  (leutnxide  of  n/oteitito 
which  it  is  converted  makes  its  eocape  in  the  gt»eoui(  »liile,  and 
when  it  comes  into  the  nttnosphere  it  in  again  converted  into 
hypoiiilrous  acid  by  cuniliiiiini;;  with  un  atom  of  oxygen.  It 
again  unites  with  sulphurous  acid  and  u'nter:  and  thus  tlie 
proc<'iw  goex  on  till  the  whole  sulphurous  acid  is  converlisl  into 
sulphuric  acid. 

This  process  continues  til!  the  n-ater  at  the  bottom  of  the 
leaden  chamber  haA  become  impregnated  with  as  mueh  sul- 
phuric acid  ax  it  ciui  take  up.  Iik  specific  gravity  is  now  t*75. 
To  concenlnite  )t  further  it  wi»  the  custom  to  put  it  into  glaas 
retorts,  which  were  exposed  to  a  heat  of  above  600".  'Ilie 
water  passed  over  along  with  a  cunmiderable  qiuuility  of  acid, 
and  tliv  sulphuric  acid  remaining  in  the  retort,  wsis  us  mucb 
concentrated  as  il  couhl  be  by  simple  distillation.  Itut  of  late 
years  lai^  cylindrical  stilN  of  |iludnum,  furnishetl  witli  plati> 
niitn  heads,  have  been  introdneed,  which  is  found  (o  aitwwer 
much  belter;  lii'e4in»c  llie  retorts,  when  exposed  to  so  high  a 
tein|ier«ture,  were  very  apt  to  be  broken,  to  the  great  injury 
of  tlie  manuliicturer.     Formerly  the  acid  was  taken  from  the 
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chambers  IWoi^  it  luul  rcarlii.'d  the  spcellic  gravity  of  1*75,  and     ^t 

was  conccnlnitwl  in  largv  Icadoii  boilers.    Tliis  occttiiooed  the '. 

ipmcncs  of  a  little  sulphate  of  lead  in  tlio  swid,  wliicfa  is  now 
fwroided  by  tlie  preiveni  pr»cc>.< 

One  of  tlie  targost  nuuuirac't«ric«  of  sulphitrir  iiciil  in  tliis 
Montr)-  is  tliRt  of  Charlrs  Tonnant  ami  Co.  ut  St  KolliH-k, 
near  Gliu^ow,  wborv  iiboiil  *;!(H),000  lb».  of  the  acid  arc  mode 
wtekly.  This  prodi^ou<i  qiiniitity  of  acid  (and  there  are  many 
Dlllcr  Diuken)  is  all  consumed  by  llie  Meoclivn)  and  chemical 
nwnitfarturcra  of  Great  Dritain.  Wry  little  of  the  acid  is 
eatportiil. 

The  sulphur  from  uhicb  thin  acid  is  made  is  imported  from 
.SjcUy,  where  it  occun  in  immenHe  quantity  in  a  formation  which 
Mvms  to  be  newer  tliaii  the  secondary  rocks  though  there  Li 
no  evidence  tliat  it  is  rolcanic.  Sicily  fiirniHlifa  sulphur  of 
I  Tuiaus  degrees  of  purity ;  and  the  sulphuric  ud<l  makers  prefer 
the  secoiul  (jiudily  (o  the  first,  because  it  burns  belter. 

When  tlie  fuming  acid  of  Nordluniscn  U  put  into  a  glass 

retort,  and  distilled  by  a  modcriKe  heat  (tlie  receiver  being 

Burrouuded  with  ice),  tlie  fuming;  portion  comes  over  lintt,  and 

Inay  be  obtained  in  a  strparulc  stale  by  slopping  the  distillation 

■in  time.    Thu«  obtained,  it  constitutes  milphuric  acid  in  a  fttatc 

lof  absolute  purity. 

Jn  ikts  slate  it  is  solid,  and  appears  as  if  it  were  composed  m",'^!^"^'!;^ 

^  silky  filaments.     It  b  tough  and  difficuU  t»  cut,  and  bears 

■'MnaidenLble  resemblance  to  the  uiincrdl  called  asbestos.    When 

expoAe<l  to  tlie  air,  it  fuoiej>  strongly,  and  graduidly  flies  otf  in 

rafioor.     It  may  be  iiehi  for  some  time  between  the  fingers 

without  any  seusiblc  action  on  the  skin;  but,  urtcr  a  oerUiin 

^time,  a  scns;ition  of  puin  is  perceived  in  tlie  interior  of  the 

Sngers.     It  reminns  solid  at  a  temperature  at  least  as  high  iw 

but  when  the  heat  is  increased,  it  acsumes  the  form  of  a 

Fwlonrless  vapour,  which  beoonies  white  when  il  comes  in  ean- 

with  moist  air.     I  I«ive  sometimes  uhuiineil  it  in  iranfipa- 

[rrni  rhombic  cr)'staLs  ditTcring  very  little  from  a  right  angle. 

Id  such  case*  il  ha«l  combined  with  a  certain  qutttitity  of  water : 

lit  much  \tm  tbatl  exists  tn  the  fuming  acid. 

The  solid  acid  becomes  liquid,  aeconling  to  BuHsy,  when  i-i^nin. 
ted  up  to  M%  and  at  thn  tcni])cniture  of  68"  its  speciliegm- 
lifity  is  1  -97.  It  is  ratJier  hazardous  to  liquefy  thi*  acid,  because 
nnrnvertcd  iittoagusata  tcmpemturcnot  mucJi  higher  than 
[Its  point  of  liquefaction.  The  specilic  gravity  of  this  mjiour 
dotibtlem  3*7777,  since  it  is  a  compound  of  1   volume  of 
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°*'^''     sulphurous  acid  and  half  a  Tolume  of  oxygen  gas  condensed  into 
1  volume. 

When  dropped  into  water,  it  combines  with  that  liquid  so 
violently  as  to  make  a  noise  similar  to  that  made  by  a  red-hot 
bar  of  iron  when  dipped  into  water.  When  the  quantity  of 
acid  is  considerable,  a  kind  of  explosion  takes  place,  owing  to 
the  suddenness  with  which  a  great  deal  of  lieat  is  evolved ;  but 
nothing  isextricated  except  water  in  the  state  of  vapour.  When 
united  with  about  one-fifth  part  of  its  weight  of  water,  it  is  con- 
verted into  the  common  concentrated  sulphuric  acid  of  commerce, 
which  is  a  hydrate  of  sulphuric  acid. 

From  the  experiments  of  Vogel,  it  appears  that  absolute 
sulphuric  acid  is  capable  of  dissolving  sulphur,  and  of  assuming 
a  blue,  green,  or  brown  colour,  according  to  the  proportion  of 
sulphur  held  in  solution.  Phosphorus  decomposes  it,  and  absorbs 
its  oxygen  with  such  impetuosity  as  to  take  fire.* 

The  specific  gravity  of  Nordhaiisen  acid  Is  r896.  When  as 
strong  as  possible  it  is  a  compound  of 

2  atoms  sulphuric  acid         .         .         10 
1  atom  water  .         .         .  1-125 


11-125 
But  it  most  generally  contains  more  water  than  this.      The 
weakest  acid  that  I  have  had  an  opportunity  of  examining  was 
a  compound  of 

4  atoms  acid  .         .         20 

3  atoms  water         .         .  3-375 

Such  acid  when  heated  gives  out  rather  less  than  ^th  of  its 
weight  of  solid  acid.  The  weaker  the  Nordhausen  acid  is,  the 
higher  is  the  temperature  at  which  it  freezes.  I  have  had  it 
capable  of  congealing  at  a  heat  of  42°. 
Hr<in»iMdd.  The  concentrated  acid  of  this  country  b  a  transparent  liquid, 
like  water,  and  having  somewhat  of  an  oily  consistency.  Hence 
the  old  name  of  oil  of  vitriol,  by  which  it  was  distinguished. 
Its  taste  is  intensely  acid.  It  reddens  vegetable  blues,  and 
speedily  chars  those  animal  and  vegetable  substances  to  which 
it  is  applied,  especially  if  its  action  be  assisted  by  heat.  Its 
specific  gravity  when  in  a  state  of  purity,  and  as  much  con- 
centrated as  possible,  I  find  to  be  1-64236.  When  it  is  higher 
than  this  it  contains  some  foreign  salt  in  solution. 

Its  specific  gravity,  and  its  boiling  point,  vary  according  to 

*  Vogel;  Schweigger'a  Journal, iv.  121. 
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^P  It  >a  )>ut  mivly  tliat  it  occurs  in  commerce  to  conciMttTntcd  as 

1^  l]ifai ;  ibnugh  its  specific  fjTiivity  i*  oflon  higher.     I  ■345  is  n 

vprj-  common  s]>ceilic  gravity  of  thi:  arid  of  commerce,  aiid  it 

ta  fi¥i]uently  oa  low  na  1-837. 
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Ouv.  ■■         Wlien  aiiliydrouii  Hu1]))iiiric  ncid  vniiour  'f*  tnmie  to  ]>um 
through  a  red-bdt  |iort'elaiii  tu)><N  it  in  (lri.-(in)])ciNi-(l  into  hiiI 
pLuroiL'^acitl  and  uxyjfcn  giuio^  in  die  pro|>ortiou  of  two  volumvi 
of  tlie  fonncr  to  oiii-  of  t!»>  lattvr. 

^^'llOll  cxpoKud  to  n  siiffi<-icnt  dcgwc  of  oold,  it  (Ty»tallix«8( 
or  frevzcs;  and  aOcr  ihio  lius  oiice  t^kon  place,  it  frc-vzi-s  again 
by  tlie  application  of  a  mucli  inferior  cold.'  Morveau  frosie  it 
at  —  4";  it  a-wiiined  the  appearance  of  frozen  snow.  Afler 
the  jirocess  bc^in,  it  went  on  in  a  cold  not  nearly  ho  intense. 
Tlie  scid  mvlterl  «lowly  at  27-5° ;  but  it  froze  again  at  the  same 
tf  mporalure,  and  took  five  days  to  mi-U  in  tin*  temperature  of 
Vy.-f  Cliaptal.  wlio  mnniifiietured  this  ari<l,  once  observed  a 
large  ghan  vewiet  full  of  it  crystflllized  at  the  temp<-ruttirc  of 
46".  ThoHc  cry^tul.t  were  in  groups,  and  con§iated  of  flat  bexa- 
hedral  prisms,  terminated  by  a  Kix-«ided  pyramid.  'Iliey  felt 
hotter  than  the  surrounding  bodies,  and  melted  on  being 
handlei].^  ('baptal  lias  observed,  that  sulphuric  acid,  in  order 
to  crystallize,  muiit  not  be  too  concentrated.  Tliis  observatioii 
has  tx-en  extended  a  good  deal  tarther  by  Mr.  Kier.  He  fotind 
tliat  Ktilphurie  aciil,  of  ihe  specific  gravity  of  1-780,  fr»>ze  at 
45" ;  but  if  it  was  eitlier  much  more  or  mucb  lei«  concentrated, 
it  required  a  much  greater  cold  for  congelation,  j  Vhcn  aa 
coiiceiitrated  m*  possible,  I  find  tliat  it  mar  he  cooled  down  iu 
thennomvler  tubes  to  (lie  temperature  of  —  SG"  before  it  con- 
geals||. 

Sulphuric  add  luis  a  ver)*  strong  attraction  for  water.  Ncu- 
inan  found,  tliat  when  exposed  to  the  atmo«]>bere  it  attradnl 
6**i3  times  it«  own  weight.  Mr.  Gould  found,  that  I80giiuiw 
of  acid,  when  exposed  to  tlieulmoNphere,  attracU'dfiSgrainsof 
water  the  first  day.  58  the  second,  39  the  tliird.  H'd  the  fourtli, 
IB  tlie  fifth,  and  at  last  only  5.  4,  ti.  4,  :(,  &c.  The  2Slb  day 
the  augmentation  was  only  half  a  grain.f  The  affinity,  tlierc- 
foTCf  between  sulphuric  acid  and  water,  as  U  the  ea-<e  in  general 
with  other  Mib»laiion(,  became^  M'eaker  the  ne:irer  it  appruuchea 
to  saturation. 

Concentrated  snlphurie  aeid  hiu  the  property  of  dissolving 
seversil  simple  bodies  without  altering  their  nature.  Vo^d 
sliowed  that  the  fuming  aci<l  dissolves  sulphur,  Muller  of  Reich- 

■  The  freeiing  point  wiu  ntccriaiiicd  b;  the  One  d'Ajni  in  1770.  Sec 
'Uaoquer'a  Diciiomry. 

t  Enc)  d.  Mrthocf.  riiini.  i.  376.  (  Jour,  de  Phyfc  mxi.  +73. 
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Uial  it  illtaolvm  telluriuRi.     BittMy  fuuml  it  to  dissolve 
•wlui«>,  and  it  i«  ca{Mi1>^  iAm  »f  ilbmlving  :^l<>iiiuin.* 

Many  of  tlir  iiai[>ltt  bodies  Law  tlic  j)ro[KTty  of  di><.-om|)<i»- 
ic^  tbw  acid,  especially  if  asnated  by  lieut.  M'hen  tiie  vapour 
cf  anliyilrniiii  i>ei<l  and  hydrogen  gaa  are  |>a»ie4l  ihroiigli  a  red- 
biX  )>«rcvb>in  tube,  the  acid  uitderj^oes  decompoditioci  aiid  water 
b  fbfiDMt  Wlicn  the  vapour  of  the  acid  i«  piiswd  through  rw\- 
ko(  chHrcoul,  nsiiniU(rdv'cuiii;uwtliun  lnki-<t  |daoL-.  Wheiiphos- 
pkoriM  is  pUceil  in  coiiUict  with  litifiydrous  sulphuric  ticii)  it 
tnkea  fire  and  burns  at  the  expense  of  tlie  ncid.  Anhydroufi 
|ibo«[dHirii-  add  aiid  Milphur  are  depusiteil  on  the  inside  of  the 
tube  iti  which  thv  itiixmre  was  miule. 

When  xine  or  iron  is  tlirown  into  sulphuric  acid,  a  violent 
UCSou  l&krs  plnee,  if  the  add  bo  diluted ;  water  in  decomposed, 
its  hydrogen  flics  off,  and  \t%  oxygen  combines  with  tiie  metals. 
If  tfa«  acid  be  concentrated,  the  action  i§  much  less  violent,  or 
time  is  none,  unles-s  heat  be  applied,  when  sulphurous  itcid 
exbak*.  Upon  tin  and  cop{)er  the  acid  acti  vt-ry  ^slowly  uiid 
liwblyt  tmlcn  itA  action  be  as^Uli^d  by  beat,  when  it  oxidi/cs 
and  dmolvcA  tlicm.  On  »ib'<>r,  nivrciiry,  antimony,  biitinutli, 
■neiiic,  and  tellurium,  it  docs  not  act  vxccpt  at  a  pretty  bigh 
fcmprmlure.  These  metali  abstract  part  of  its  oxy^c".  and 
eoarrrt  «nr  poTtion  of  it  to  sulphurous  nciil,  while  anotlier  por> 
tion  comUnrA  with  the  oxides  iIium  formed.  When  boiling  hot 
it  ondixea  lead,  and  dixHnlvi-?  coblll^  nickel,  and  molylidcnum : 
but  it  haa  no  perceptible  action  on  gold  nor  platinum  at  any 
leiMperature  to  whkli  it  can  be  mised. 

When  awiisted  by  heat  it  dissolvesand  destroys  almost  all  the 
nNnponnd  oombuAlible  bodies;  tliough  with  mnnc  it  luui  the 
pn>{Mrrty  of  uniting  and  forming  new  add»;  which  will  be 
deKribtfil  afteru'urdi  when  1  cunie  to  give  tui  account  of  the 
oxyf^i  adds  with  compound  bases. 

It  abvorba  oletiaiit  gas  to  the  amount  of  two  or  three  times 
ha  vuluinc  of  it ;  but  whetJier  the  nature  of  t]ie  gas  is  altered 
by  tliis  absorption,  haH  not  been  a'icertaine<L 

It  tnts  accidentally  di«covcrcd  by  K iri-liIiofT,  n  Russian  ohiv  mmmiB 
nbt*  thnl  when  slarcJi  is  boiled  lor  some  timi-  in  dilute  «nlphuric 
mU,  it  is  converted  into  tniffar.  Braconnot  iiHcnvards  found 
tkat  WoihI,  bark,  i>traw,  hemp,  and  many  otiter  boilies  wlieii 
Inatrd  in  tlie  ennic  way,  are  alwo  convi-rted  into  sugur.  And 
hr  hnabuwn  more  lately  tliat  whvn  jtl/ff  or  ff/ue  b dissolved  in 
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ft  Mn»i^  !inl]itiuric  iicid,  unil  tlio  solution  boilrd  otter  aufEcleni 
diliilion  wild  water,  it  in  converted  into  anotlipr  spc«i*is  of 
sii^ir,  <)t«titi^iUlifi)  by  tlio  gr^it  readiiinta  urilti  wliicli  it  cr)'s- 

Many  vcgctnblp  §ut>stances  i?onlatninK  oluircoiJ  a*  »  coiwti- 
tticiil,  bUckeii  sutpliuric  acid.  'Hie  reason  seems  to  be,  tiiat  in 
consequence  of  the  grent  affinity  of  this  arid  for  waU'r,  (ho 
oxygen  ami  bydrojjt-ii  of  tbo  body  unite  and  fonn  w^ter,  and 
tlui>>  (be  cliarciial  bi^'inj;  di<ii-n^t);i-il  bliirlcon.t  tJie  acid.  If  we 
dilute  the  iicid  with  wutor  the  churcoid  5ilU  in  the  Atate  of  a 
black  powder.  If  we  boil  the  arid  the  churcoiil  U  acidified  itt 
tlie  e.tpeiLse  of  the  aciil,  which  in  consequence  becomes  again 
limpid  and  co)oiirles.s. 

I  liave  already  »l)Owii  (Vol.  I.  |i.  263),  (hat  Kulphuric  acid  B 
a  compound  of 

1  a(flm  tiulphur         .         ,         3 
3  atoms  oxyj^n       .        .        S 


BenteliuH  assures  us  that  anhydrouM  Mtlphuric  acid  may  be 
procnfi'd  I'V  the  foUowinij  jiroces* ;  Mix  (hrec  partj*  of.inby- 
druiis  Knlpbiitc  of  m»\ix  with  (wo  juirts  of  concentrated  tiuljibnric 
acid  of  commen-e,  and  gradually  heat  the  mUlure  in  a  covered 
cnirible  to  incipient  redness,  (ill  (he  boiling  occasioned  by  the 
escape  of  the  water  of  the  acid  bun  ceiMcd.  \N'heii  the  nutas 
formetl  Iui8  cooled,  break  it  in  |)iccc«  nml  put  it  into  a  poro'lain 
Tolorl,  aitd  distil  at  ii  rod  hcni.  The  acid  which  comes  urcru 
to  bo  collected  in  a  )rlius  rverirer  surrounded  with  ice.  Hitt 
acid  bccomcH  solid  in  (lie  receiver.  It  bas  u^uallv  a  dark 
colour,  antl  is  not  absolutely  free  from  water.  Hence  it  forms 
cr)*Htals  destitute  of  the  tenacity,  aiid  quite  dilfiTcnl  in  their 
appearance  from  perfrclly  unliydron*  arid.  IJut  if  wo  di^til  it 
again  at  u  low  (empcruture,  we  will  obtain  |>crlWtly  unhyilrous 
ackl.t 

Douhllest  tbe  Besqnisutphate  of  soda,  wlitch  is  anhydrous  and 
MHily  obiaiiied,  might  be  employed  witli  udvuntafre  for  furnish- 
In^  anhydrous  sidjdiuric  add. 

There  anr  few  aridw  mure  powerful  than  sulphuric  urid.  On 
this  acoount,  and  also  on  uccotint  of  its  cheapness,  it  is  more 
employed  in  chemical  processes  than  any  other  arid  whatever. 
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2.  Sttipkiirotu  Acid. 

Solphonitu  umI  is  utmally  pr«par«d  by  hcadng  a  mixture  of 
nlpburic  acid  and  mcTctiiy  in  a  small  retorl.  'nit:  gjw  must 
be  collrcted  am  mrreury.  When  our  object  U  (u  propitK  it 
in  larfTC  quantity,  as  for  th«  foniution  of  milpliitps,  u  (food 
netliod  ia  to  mix  suljiliurii:  avid  wttli  tbe  sawings  of  wood,  and 
apply  beat  to  llie  mixture  in  u  retort.  Bcrtliicr  recammeud>i  a 
mixture  of  four  ftau  of  flowers  of  sulpbur,  with  five  part« 
«f  tcr<>xi<]c  of  nuin^new  reduced  to  fin*-  pou-dor.  He  Hays 
that  half  the  sulphur  is  i-onvrrtnl  into  Hulphuroiis  nvid,  while 
tke  otlier  half  uoiles  witli  lh<-  proto^idr  of  mmifrHnesc.  I  tried 
thu  procetM,  but  no  sulphurous  acid  was  extriailed  by  tlte  heat 
of  a  <>{>ini  lump. 

Suijtliuruns  acid  at  the  usual  tem|>erature  of  the  atmosphere 
is  a  gas.  Uut  Mr.  FanuLiy  iliscuverti)  that  l>y  a  prc^-ture  of 
two  iilmoHpheres  tlus  pk%  mi^ht  bo  condensed  into  a  liipiid  at 
die  temperature  of  45".  M,  Du.'isy  lutt  wne*  examined  the 
liquefection  of  tbia  gas,  and  shown  tliiti  it  may  be  produced  by 
means  of  a  freezing  mixture.  He  lirst  pasted  tbe  gas  tlirougb 
a  ve.-Mel  surruuiKled  with  ice,  to  condfiiTic  the  {greatest  port  of 
lii«  aqueou*  t-apoiu-  which  it  contained,  iiiid  to  dry  it  completely; 
il  then  pttwed  through  u  luhe  Ulled  with  fragment*  of  dry  chlo- 
ride of  calcium.  It  finally  passetl  into  a  small  matrass,  sur- 
rawMled  hy  a  freezing  mixture  composed  of  two  jiarts  of  snow 
or  icfi  and  one  pun  of  common  will.  In  tliis  liut  vvs-iel  die  giut 
(ondenKS  under  llio  mere  pressure  of  tlic  utmovphcre. 

Liquid  !iHlphurouj)  iici'l  w  a  IriinviKircnt  colour! cm  liquiil,  of 
the  ^pecilic  f;nivity  I'45.'  It  Iwitsut  the  U-mprnituro  of  14% 
bat  produces  so  much  cold  by  evaporating,  that  a  portion  of  it 
continues  for  some  time  liquid  even  in  the  open  air.  If  a  little 
«f  this  liquid  be  drojit  upon  wati-r  in  a  watch  glass,  the  cold 
produced  by  ita  evaporation  speedily  converts  the  water  into 
ice.  Even  mercury  may  1>e  froxei)  in  tlie  same  way,  by 
eornitig  a  globule  of  it  with  this  liquid  acid  :uid  pbciug  it  in 
tba  vacuum  of  n  reccivor.f  By  this  procc«H  M.  Huwy  tunk  a 
thennofneter  to  —  66°. 

M.  dc  la  Kivefound  that  liquidsulphurousacid  isunon<on* 
ductur  of  aWclricity,  but  it  \teoamet  a  conductor  when  u  Uttb 
water  is  addml  to  iL     Itm  rcfmctiafr  power,  according  to  hii 
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experiments,  diffvn  very  Utile  from  tliat  of  water,  and  is 
taialy  not  loss  than  the  refracting  power  of  tliiit  ]i<tuid.  M.  de 
lit  Rire  Vitscovered  tliat  when  lt(|uicl  su)phuroii§  itcid  in  prepftrei) 
by  Bu!«iy's  method,  white  crystals  are  formed  in  ihe  first  tube 
surrounded  hy  ice.  'I'hese  crysLils  are  white,  have  a  wmr 
taste,  uiid  are  in  the  f>tiiie  of  thin  plates  ^imtlar  to  the  solid 
(lecihydrvtv  of  vlilonue.  They  renuiin  solid  at  the  lemperaturo 
of  about  AQ".  Biit  at  tliut  temperature  they  hegin  to  give  out 
ga%  and  when  the  temperature  is  a  little  more  elevate<l  tliey 
are  entirely  resoked  iuto  sulphurous  acid  gns  and  water.* 
According  to  de  la  liive'.s  experiments,  these  cr^'Htals  are  com- 
pouKlof 

^  sulphurous  acid, 
S  water. 
This  approachss  nearly  to 

1  atom  sulphurous  add  ,         .  4 

14  atoms  water       ....         15-75 


1975 


15-26 
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But  lie  is  of  opinion  tluit  the  quantity  of  aeid  was  greater 
than  what  he  obtained,  and  is  inclined  to  consider  the  crystals 
as  composed  of 

1  atom  sulphurotts  aeiil  .         •  4 

10  atoms  water       ....         11-25 


Atwiniootor  Water,  by  my  triaht,  absorbs  33  times  its  volume  of  sulphur- 
ous acid  gas.  But  Saussure  obtained  an  absorption  amounting 
to  43 J  volumes,  while  alcohol  absorbed  II5J  volumes,  ITic 
speeific  gravity  of  die  saturated  solution  I  found  l'0510.  The 
water  saturated  tn  my  trials  was  »  compound  ^if  iibotit  09  atoms 
water  and  I  atom  acid.  Sausiture  (who  pntliaMy  made  his 
experiments  at  a  lower  temperaturi;  ih.-m  [  did)  obtained  an 
acid  rather  stronger,  but  still  very  weak. 

This  water  may  be  frozen  willioiit  parting  with  any  of  the 
ncid  gus.  Mlieii  H'ater,  whieh  has  been  saturated  with  this 
acid  at  the  freezing  temperature,  is  exposed  to  the  heat  of 
65*35*,  it  ia  611ed  with  a  vaAt  number  of  bubbles,  which  con- 
tiimally  incren:4C  and  ri«e  to  the  surface.  These  bubbles  are  a 
part  of  the  acid  separating  from  it  It  freezes  u  few  degrees 
below  SS'.t 

•  Ann.  At  Chim.  «t  de  Phys.  xl.  401. 
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Oxygen  gu  uiil  sulphurous  acid  givt  do  nut  combine  ut  the 
eomniou  lemperaturi'  of  the  air  if  they  arc  kept  dry.  But  if. 
oilier  l>e  present  they  gradually  combine,  and  are  converted 
into  sulpEiuric  iicid.  When  passed  through  a  ml-hut  tube,  or 
when  olirc-triviil  itpwks  ore  paxsed  through  the  mixturtt,  tliey 
ooinbinc  likewiM'  nnd  coiutitiitc  sulphuric  iicid. 

t^lpburouH  avid  is  one  of  tlic  wentwl  of  the  adds,     Tbe 
I  -soltx  wlitch  it  forms  with  bases  bave  received  the  mime  of  nid- 
phiU*.     W'lien  exposed  to  the  air  iu  solution  in  wuler,  they 
gradunlly  nbrarb  oxygen  and  itn-  converted  into  sulj)hiite«. 

U  m  readily  deeompowd  by  potiHsium  and  sodium.  It 
dHolvm  iron  without  the  evolution  of  any  gas,  as  vnts  first 
ab«enrrd  by  Mr.  Higgia<i.*  When  exposed  to  tlie  action  of 
peroxide  of  lead  it  is  absorbed,  as  Berzelius  first  ascer|june<l, 
ami  the  peroxide  «onverteil  into  ntnimon  :<ulphiUe  of  Iciid.f 
feroxide  of  niangaiic«e  produces  a  simttur  change  in  tbis  add. 
Tbe  Adion  of  the  remiuning  tnetals  and  their  oxides  on  this 
uU  gaa  U  still  imperfectly  known. 

Thin  »cid  does  not  redden  vegefciblo  blues  but  destroys  ihcra, 
proniled  it  be  free  from  all  admixture  of  mitpliuric  ncid.  If 
the  petab  of  n  red  rose  be  put  into  sulphurous  acid,  they  imme- 
diuri-ly  become  white,  Init  recover  their  n-*i  colour  nguin  if 
jdunged  into  dilul«il  sulphuric  nctd.  In  eonscijueitce  of  this 
^mperty  which  it  luis  of  destroying  colours,  tlte  fumes  of  burn- 
htfi  Milphur  are  cm]>loyed  for  blraching  iliinm-l. 

Sulphuric  acid  absorbs  tlw  gas  in  considerable  (juuntities. 
It  is  absorbed  ubw  by  bomx,  us  via  finit  observed  by  Dr. 
Priestley,  and  may  by  iu  means  t>c  separated  from  carbonic 
add  when  they  liappen  to  be  mixed  together.  Mr.  Aecum 
says  tluit  it  is  decompo«e4l  over  mercury,  and  sulplnirdopositcil, 
if  it  be  brought  in  cuntnct  witli  protochluridc  of  tin. 

I  liave  already  shown  (V'uL  I,  p,  26;))  that  this  acid  is  u 
compound  of 

*    I  atom  sulphur         .  2 

3  atoms  oxygen        .         .         3 


ClwL 


VfWUlili:  toim 


■  that  Ita  atomic  weight  is  1.     < 

3.  SubtttlfAunma  Acid. 
It  vaa  fimt  olniTVod  by  Vau()ucltn  that  xinc  dissolves  in  vntemmt' 
■ulphargua  add  wiiliuut  the  evolution  of  any  gas,  and  that  the 
*  ll%sia>'  Compvativc  View,  p.  to,        t  rbil.  Trunit.  1013,  p.  W9. 


SIMPIX  OXYQCN  ACIDA. 


oiwi-  soIuduD  vhen  e\'aporale<l  yietcUu  ))i.-ciili«T  Mill,  which  lie  <)t»- 
dn^iUliod  hy  Uu-  luuiw'  of  ^iilpluirvttfd  oulplinU-  uf  zinc  If 
tlie  Molution  be  con<lucU-cl  by  a  uniform  luid  Dot  loo  i.-opiouii 
istrcjun  of  gtilphuroiiH  acid  gas,  there  is  no  effervesoencc  what- 
ever. But  when  the  iiupply  of  aci<l  is  too  great,  th«  liquid 
becomes  Iiot,  and  an  offer vesceiice  (akiM  pUive.  WTien  the 
Holutton  tinn  tuaile  a  ceruun  progress  it  hoM  al  iintt  u  browni.sli 
yellow  colour,  hut  tItU  colour  diiuippcars  as  the  process  i^oes  oil. 
Wb«ti  thift  solution  'u  evaporated  it  becomes  a  thick  white 
magma,  ui  which  crystals  coi»Utiiig  of  four^Aided  prisms  muk« 
their  appearance.  The  salt  tlius  obtained  is  in  general  a  mix- 
ture of  tuipltife  and  mibsuii>hUe  of  zinc^  but  w«  may  separate 
them  by  means  of  alcohol,  wliU-h  touvcs  the  sulpldb^',  but  diH- 
eolvcs  tlie  sub§ulphite  of  zinc.  This  last  salt  dissolves  both  in 
water  and  alcohol.  It  lias  a  pungent  and  excessively  disagree- 
able taste.  If  we  drop  an  acid  into  its  a((ui-<>a«  nolution  an 
effervescence  Iake.«plaee,a]idubundanc«- of  skilpliurprecipitaleii. 
1  comtidor  thin  Kidt  as  a  ctompound  of  oxide  of  vine  and  a 
peculiar  acid  of  sidphur,  to  which,  for  want  oi  a  better  uame,  I 
have  given  the  appcUation  of  gubautpkurom  acid.  1  have  made 
eome  attempts  to  procure  this  acid  in  a  separate  stale,  but  lliey 
were  unsucceittful.  It  iteemB  to  undergo  decoinpoiiition  the 
instant  it  is  Hcpoiutcd  from  the  oxide  of  nine  There  is  no 
difficulty,  however,  in  dctcnnining  tlie  proportion  of  its  cou8t^ 
tucnls.  Sulphurous  acid  is  a  compound  of 
1  atom  sulphur 
'2  atoms  oxygen. 
M'hcn  it  is  made  to  act  upon  zinc,  it  dii»olves  the  metal  with- 
out effervescence.  But  the  zinc  is  converted  into  an  oxide  iii 
the  first  |)laee,  and  for  tliis  change  every  atom  of  it  requires  to 
combine  with  an  atom  of  oxygen.  This  oX)'gcu  is  supplied  by 
the  sulphurous  acid.  And  as  every  atom  of  the  add  is  capable 
of  combining  with  an  atom  of  oxide  of  zinc,  it  is  clear  that  the 
add  must  part  with  half  of  itA  oxygen  to  oxidiice  tlte  zinc. 
rMDiaiiion.  Consequently  tlie  subi^ulpburous  add  which  exists  in  the  salt 
must  be  u  compound  of 

1  atom  sulphur         .         .        3 
1  atom  oxygen         .         .         1 


I 


and  its  atomic  Weight  must  be  9. 

^^'hen  an  acid  separates  tlii«  add  from  the  oxide  of  sine,  it 
resolves  itself  into  sulphurous  ncid  and  sulphur.     One  half  the 


f   nlpliur  pi 


iiirposuLriiuBous  acid. 


mlpliur  precipitates,  und  iictd  tliiu  altered  in  obviotuily  reduced 
(■  lb*  Mair  uf  common  sulplmrous  acid. 

WWn  sulphurous  acid  is  niade  to  nd  upon  iron,  a  aubsul- 
pkitr  uf  iron  is  formed  quite  similar  to  tliv  huliNuIpliite  of  sine, 
km  it  is  nut  kiiowti  wkcllieratiy  of  tUe  otLcr  mvtals  urc  capable 
of  iudui*ing  a  similar  cluutji^c. 

It  is  nifirnu-d,  that  tf  sujpliile  of  ziiic  bo  hoUeA  in  a  clow 
L-1  witli  sulphur  it  i*  converted  iiilo  neutral  aubsulphite  of 
I  Imve  not  tried  ilii«  experiment,  but  if  it  he  eurrect,  it 
would  indioite  (hat  MulMiilphurous  add  is  ii  compound  of 


siuc. 


2  atoms  sulpkur 

3  atotns  oxygen 


4 
S 
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umI  lliat  its  atomic  weight  wa»  6.  But  this  expliinution  would 
mK  acvurd  witli  iLi-  known  fact  tliat  zinc  is  oxidizi.'d  by  sul- 
plmroiw  acid  without  etfervescciicv.  Tlic  tmit  fonaed  by  boiling 
«B]phit4)  of  zinc  nnd  sulphur  ought  to  be  a  bisuWulphite  of  zinc. 

4.  Jlifpoaulphuroiu  Acid. 
F«r  otir  knnwU-difO  of  the  exittlrnce  of  tliLi  acid  we  are 
tiubtl»«cl  to  Mr.  IlcrsciicU.     lie  formed  u  numerous  class  of 
nils  to  whicJi  lie  gave  the  name  of  hyposulphites.* 

When  sul|ihuTet  of  ojdoitiin  iw  dwsolved  in  water  we  obtain  a 
greeni^  yellow eulountl  noUilion  having  the  smell  of  suipbu- 
tvUed  hydrogen  gas,  and  precipitating  all  the  metala  from  their 
•olatioos.  If  this  liquid  be  preserved  for  some  lime,  it  gru- 
dually  becomes  colourlesH  and  loses  its  peculiar  «inell.  If  it 
Im  mm-  i-vaporated  it  yields  large  cryiitals,  most  conimonly  in 
tba  aluu-  of  six-sided  prisms,  and  having  an  exceedijigly  bitter 
nwe.  They  ninsist  of  hyposulphurous  acid  luid  lime  united 
together  in  the  following  proportion,  according  to  Mr.  Uer- 
»c)irir«  aualysia : 

Hypotulpliurous  acid       .        .        36*84 

Lima 3214 

Wtkca 4I-22 


100-00 
From  thin  salt,  which  b  easily  procured  by  passing  n  current 
of  sulphurous  acid  gtu  through  hydroguretted  sulpburet  of  lime, 

*  Edinburgh  Jour-  i.  1^ 
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f^^  ■•  the  otlicr  )iyp03iilpl)it<>8  may  be  ron<lily  oktaini^tL  Tliesesalls 
are  folotirlo«-t,  ami,  with  lut  exceiitimi  or  two,  they  aro  soluble 
ill  M-nler.  Their  l«»tv  is  mo«t  cotninoiily  biltvr;  thunj^h  wme 
of  the  niPtalluic  hypmulpbile!)  hare  an  intensely  awcct  taAte. 

I  liave  stated  (Vol.  I.  p.  2B7)  tliat  an  examination  of  a  hydro- 
suljihuret  of  Noda  whluh  acciilcntiklly  crysialli/i'd  in  Mr.  Ten- 
nunt's  «oda  l«y«  during  tho  wurni  numnier  of  16'2.i,  and  tlio  fl 
conversion  of  it  into  hyposulphite  ofttoda  by  me.iiH  of  Asulphu- 
rous  acid,  left  no  doubt  tliat  ibis  acid  is  a  cunipound  of 


2  atoms  sulphur 
I  atom  oxygeu 


4 
1 


i 


and  tliiit  was  confirmed  by  tJic  direct  analysis  of  mme  of  Mr. 
Herschell's  hj'jtoBulpliites  formed  by  the  process  which  be  fjiv^-i) 
ill  his  paper.  Oay-Lussac  is  of  opinion  ibat  hydrogen  also 
elilT^  into  the  cnmpoMtion  of  t)m  acid.*  l)ut  if  this  were  so, 
It  would  be  inipoNfiibW  to  account  for  the  prociptlaiion  of  nuI- 
phur  when  unlpburoiis  acid  is  mL\cd  with  a  solution  of  bydro- 
sulphurct  of  soda.  Out  hyposulpburous  acid  diifers  from  tliv 
bi«ut|^urctted  bydrogea  of  Hertiiollet  merely  by  the  substitu- 
tion of  an  atom  of  oxygen  for  tlio  atom  of  hydrogen  which  the 
bUulphurelted  hydrogen  contains. 

HypoitnlphitrouHacid  <nnnot  exist  in  n  sc;Kimt«  state.  When 
we  attempt  to  decompose  tlic  hyposulphites,  we  always  resolve 
their  iic-td  into  sulphurous  acid  and  sulphnr. 


4 

tnti 


5.  Uyposulphuric  Acid. 

I  have  already  staK'd  tlie  bUtory  of  tlie  diseoT-ery  of 
acid,  the  method  of  obtinning  il,  and  the  properlies  which  it 
pi>K«eH«es  in  the  first  volume  of  this  work  (p.  ^9). 

It  dissolves  line  with  the  dUengagement  of  hydrogen  gas. 
^\^len  cold  it  is  not  altered  by  chlorine,  concentrated  nitric 
add,  or  red  Hulpliate  of  manganese.  It  ftaturates  the  different 
bnses,  and  seems  to  form  soluble  salts  with  all  of  them.  To 
these  salts  the  name  of  byitosulphates  hus  been  given, 

Gay-l.u5!<ac  an<l  Welter  have  idiown  that  this  acid  is  a  com- 
pound of  1  iniegnint  particle  of  snlpburic  acid  and  1  integrant 
particle  of  sulphurous  acid  united  togetlicr.  Hence  its  con»ti- 
tuents  must  bo  ~ 


•  An*,  dc  Oiim.  ct  ilc  Phj%  xiv.  361. 
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SEI^MOITS  ACID. 

S  atoms  sulphur  =  4 
5  atoms  oxygL-n  s  5 

9 

umI  the  e<]uiralent  nomlier  for  it  must  be  9.' 

The  suits  which  ihli  add  fonns  (and  wliich  are  vpt)-  rurtoas) 
ban.'  boon  cxumiiiwl  in  detail  by  Dr.  Heereii  of  Hamburf^.f 
An  ■oGouut  or  ihi-in  u-iil  be  given  in  u  subsequent  part  uf  tli» 
work. 

fiECTIOK  VIII. — ACIDS  OF  SELENIUM  AND  TELLL'RIL'M. 

Sflriiinm,  »o  fitr  asweknowal  pn-^cnt,  furnis  only  two  acidt 
vitk  ox}-gen,  analogous,  w  br  as  their  compontion  goett,  to  tlie 
colplitiroiu  and  sulpliuric  iwids.  'Hicsc  acids  arc  the  atknioiu 
aad  sdatie  addtt. 

■  1.  StJaiic  Acid. 

H        I  hare  fpvcu  the  history,  preparation,  and  propeitiee  of  this 

^^^1^  so  &r  as  ibcy  nrv  kiiomi  in  the  first  roliune  of  this  work 

^B^p^SM)}.     It  is  8  compound  of 

^1  I  atom  seicDiuni  5 

H  3  iitonm  oxygen  3 

■ 

^    Of  <»iisec{uenceil  is  similar  to  sulphuric  acid  in  its  compontion. 

TIm  salts  of  tills  acid  otlled  ttltniateii,  have  hitherto  bern  very 
iiBporf(>ctly  I'X^niiniN).  'lln-y  ulinocit  (.-xaclly  rcsemhk-  tlio  cor- 
responding sulphates  Itiit  we  may  distiuguisli  them  by  tlie 
property  which  tliey  have  of  detonuling  when  heated  to  redness 
with  eliareoal,  and  by  disen|;pipiiif?  clilorinc  when  boiled  with 
nurialtc  and.  The  acid  is  disonguged  from  \\»  buses  by  sul- 
phuric acid.    Seleiiic  and  sulphuric  acid  are  isoinorphous  bodies. 


I 


2.  Stlenioui  AviiL 

'I'hui  i«  the  acid  to  which  Berzeliits  in  bis  original  paper  on 
selenium  giivo  the  name  of  w/mtc  uri'i/.  I  Imvc  d^^seribed  the 
method  of  obtaining  it  and  Mtmc  of  ito  properties  in  the  first 
volume  of  this  work  (p.  390),' 

\\'Iien  the  erptak  of  this  acid  are  exposed  to  the  air,  they 
lone  tbeir  Instre  and  adhere  to  each  other,  doubtless  by  absurb- 
iay  moisture  from  the  atmosphere,  but  tliey  do  not  deliquesce. 

■  8m  AniMb  or  PhiUi*oj)hy,  xir.  'Sbt- 

f  PogieiKlorrs  AnnolcOi  vii>  74  Uid  171.  i 
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**»*■  It*  tafit«  of  the  acid  is  §our  and  hoi,  and  its  smell  when  i»  die 
state  of  v»|>our  U  similar.  It  i*  fxceM\n^ly  soIuWp  iii  boiling 
wattr,  iiiid  vryMiillizvs  115  thy  sntiinitcd  suliilioii  cools.  It  dis- 
)tolvt'«  nUu  abutidantl)'  in  alcohol,  und  when  the  solution  U 
htntt-d  it  give<)  out  the  smell  of  ether.  But  Bi.T70litis  did  liot 
succeed  in  obiaitiing  any  ether  hy  diiitillinj^  a  solution  uf  iilvo- 
liol  luituniteil  witli  tiiis  ucid.  A  ]ilute  of  zinc  or  of  iron  put 
into  11  stilution  of  sc lemons  add  in  w»ict,  throws  down  selenium. 
And  accorduiK  to  Fischer,  selenium  i»  thrown  from  it  by  nil 
tlii^  metak  which  precipitate  silver  from  it»  solution  in  nilric 
acid.  Dul  selenium  iw  not  preeipliuted  by  any  of  these  metaU 
from  seletiic  ncid,  shon'tiijj;  that  thin  hut  is  more  diHicult  of 
decomjiositioii  than  the  Bclenious  acid. 

'i'hc  selenium  is  eiutily  precipitated  from  this  aciil,  aiid  ohw 
from  tlie  stletiiie*  {ns  tlic  sall.t  which  it  forms  are  callwl),  by  add- 
ing on  acid  to  tlit!  ioliitii)ii,  and  then  mixing  it  with  vidphileof 
ammonia.  The  iselcnium  pn-eipilates  in  about  12  hours  hut 
not  comph'tely  unless  we  boil  tlie  liquid  for  wirae  time,  adding 
occasionally  aulphiie  of  aniroonia.  The  constitueiiU  of  this 
Bcid  are 

I  atom  8«Iciiiura  .        ■        & 

1  atoms  oxygen  .        .        8 

~  .     I 

It  is  a  pretty  powerful  acid,  though  lew  so  than  solenlc  add.  ■ 

It  decomposes  nitrate  of  silver  luid  nitrate  of  lead.    And  when 

assisted  by  heat,  it  duwngage*  both  nitric  and  muriatic  acid 

from  fixed  Itjaos.     But  as  it  is  itself  voialile,  it  is  <lisplac«l  iii 

its  turn  by  sulpharic,  phosphoric,  arsenic,  and  boracic  acids. 

3.  Telluric  Acid. 
The  oxide  of  tellurium  pojwesses  botli  the  properties  of  an 
acid  and  a  bate.     I  have  ain-uity  j^iven  an  account  of  its  cha- 
raclcr*,  so  far  aa  they  have  been  determined,  in  the  first  volume 
of  this  work. 


8ECTIOXIX. —  BE>IAINlSaoxrGE.V  ACIIW  WITH  ASIMM-EBASE. 

It  ia  uuuecessary  to  enter  into  any  fiirther  dclails  rcsjiecling 
lite  remaining  12  oxygt'n  acids  with  simple  buses,  as  idl  (heir 
properties,  so  far  us  I  am  ac(|uainted  with  them,  have  been 
already  given  under  the  respective  metals  which  conslitule  their 
buses.  1  slwll  merely  stale  their  names  to  rccull  them  to  lln:  ^ 
reeolledion  of  tJic  reader. 


COaiPOUN'l)  OXVIIEK  ACtDS. 
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I.  Ar*«nic  forms  two  aeub,  the  antmitwa  and  arsenic,  the 
W  of  which  MitcbeHidi  ha*  tilioMi)  to  bo  iHomorjitiou^  witli 
liuf  phodplioric  acid. 
3.  Antimony  fornu  two  ncwU,  tii«  antimoniotu  imd  antimoi^ 
in  their  conitlitiilioii  to  the  urscnimiK  und  iirsi-nic.  Rose 
khrwn  tluit  itrsvnic  siid  antimony  are  iaoinoTphoiis  budicsi. 
Tlie  adds  of  the  two  mctaU  being  similarly  conatitiitcd,  ouj^ht 
tkn  til  be  i4flmnr|i)iou!i  hivlies. 

3.  Chromium  forms  only  anc  acid  Httnilar  in  itit  constitution 
Id  tbo  phoiipboric,  nnenic,  juid  antimoiiic.  Whether  it  be 
bouB  with  them  has  not  hitherto  Im<^ii  exumin«<I. 
TliP  peroxide  of  uranium  posseswg  the  double  property 
of -combining  with  bases  and  \t-ilh  acids.  Hence  it  niiglit  be 
cnllnl  ttranie  arid. 

5. 'Ute  molylMlic,tungstic,eoliunbicand  titimie acitU,  require 
•0  ailditiotud  rrmurkn  to  those  made  while  tretttitig  of  Uti^m 
ively  in  the  frst  vulnme  of  this  uork. 
6.  The  oxide  which  I  described  in  the  fir«t  volume  of  ibia 
work  {(1.  rdfi),  under  the  name  nf  fiin-oriile  of  mangawte, 
M«n<i.  m  I  have  mentioned  before,  to  be  oipnble  of  combining 
in  defiuitc  proportioitM  witli  bases.  'Hius  the  t^)ccie8  of  nttin- 
gaame  ore.  to  which  Haidinger  has  given  the  iinme  of  l^iilome- 
(niite,  ajipcer)!  from  ilie  aiiidy:<i«  of  Dr.  Turner  to  be  u  com- 
pound of 

3  aiomit  subsesquihvdrate  of  binoxide, 
1  Atom  qiUKlroniiuignuile  of  burytcs. 
By  qunilromanganile  of  bar)te8, 1  mean  a  eumpound  of  4  atoms 
hinoxide  of  manganese  n-ilh  one  ntom  of  Irarytes.  I  liave  also 
famed  definite  eompounda  of  tliis  oxide  and  time.  From  this 
thcwi  urcmi  litiU?  doubt  tlmt  it  possesses  acid  prf^crtii^K.  It 
'Vigbt  therefore  be  ralle<l  mmujanotnntciil. 

Mwtgauie  ncid  pomeK^es  dccidud  ncid  c]iaractcrt. 
It  is  curious  to  see  an  alknltfiiible  base  like  mati^^ancf^.'  awum- 
ing  acid  properties,  when  it  combines  uilb  m«re  oxygen  than 
txvOA  in  ibe  alkidine  compounds  of  the  siune  base  and  oxygen. 
'Via  and  g;old  Aeem  to  possess  simihir  e I u) meters,  and  prttbiddy 
the  reiiMirk  mifcht  be  applied  to  tli<-  jj^reater  number  of  the 
lien  wlucli  bare  been  placed  under  the  division  of  nMe 


<3mt. 

Olv.ll. 


DtVI8ION  ir.— AC1D8  WITH  A  COMPOUND  BASR. 


"ITi*  acids  of  oxygen,  with  a  compound  base,  are  very  mime- 
froiw,   and  nre   daily  augmenting  as  cIiemiiitM   ext^Mid  tlteir 
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regearclies  into  the  anitnal  aiid  ve^table  kingdomi*  of  nature. 
The  double  luise  consists  most  cominunly  vf  carfmn  iinit  ^f/dro- 
gen ;  floiueliines  of  carbon,  hydrogen,  uiid  azote  ;  aad  tlivro  are 
a  few  of  lliem  into  which  mlphtir  enters  likewise  as  a  oonsti- 
tuent.  Doubtless  ihc  immber  of  eoiistttuents  which  enter  into 
these  eoinp»uii<l  Ijii^i-s,  M-ilt  inCTWute  very  nnich  hcteafter,  when 
the  nature  uf  these  eompound  acids  has  been  more  completely 
ijivestigaled. 

Maiiv  "f  ihese  aei<l:t  exiM  rejidy  formed  in  the  vegelabk 
kingdom,  luid  r(-<jiiirc  only  (o  be  disengaged  from  (ho  oilier 
vegetjible  KulistaiieeH  witli  which  they  are  mixed  or  combined 
in  the  part  of  the  plant  which  contains  them.  Tliis  is  the  case 
M-ith  tartaric  acid,  which  exists  ready  formed  in  grapes,  with 
maiic  nci<l  wliich  exist:)  in  appteM,  and  widi  vitric  acid  which 
f^vea  acidity  to  lemons  and  limes.  Some  are  formed  by  a 
Kppcies  of  ferroentalion,  to  which  certain  regelabie  sulislances 
are  liable.  Thus  acetic  acid  is  formed  by  the  fermentation  of 
varioHH  speciea  of  •tiigar.  I'here  are  others  which  are  fi>rme4l 
during  iIk-  diHtillutton  of  c*'rt«in  vegetable  liodicM.  'Hius  pjfro- 
tartaric  acid  in  formed  during  the  distillation  of  tartiiric  acid, 
and  pt/rocitric  acid  during  tlie  distillation  of  citric  acid.  Nitric 
adtl  has  the  properly  <»f  converting  rarious  vegetable  and 
even  anintitl  sub.'ttanee*  into  acids.  In  this  way  oniric  acid, 
camphoric  aei<l,  xubcrir;,  and  v»rii>u»  other  aeiti*,  arc  fomed. 
And  finally,  thvrc  are  btlier  aci<Is,  formed  by  the  combination  of 
sulphuric  acid  with  certain  vegetable  substances. 

Ilie  following  table  contains  the  names  of  all  the  oxygen 
acids  with  compound  bases  that  have  been  liitberto  examiued- 
Our  |)re«tfnt  knowledge  of  their  constitution  is  too  limited  to 
ennble  u*  to  adopt  n  systemntio  arntngi'ment.  lint  in  the  fol- 
lowing table  they  are  divided  into  sets  according  eitlier  to  the 
number  or  nature  of  tlie  compound  bases  which  are  combined 
with  tlie  oxygon, 

,  A.  Acidf  romfiosrd  ofOxjfgtn  united  to  Cfirhon  and  Ht/drogev, 


1.  Acetic, 

2.  Formic, 

3.  Mellitic? 

4.  Tartaric, 
ri.  Vinic, 

6.  Pyrotarlaric, 

7.  Citric, 

a.  PyrocJtric, 
9.  Malic, 


10.  Pyromalie, 

11.  Mucic, 

12.  I'yromucic, 

13.  Succinic, 

14.  Denicoic, 

15.  Ctoconic? 

16.  Giillie, 

17.  Ulmic, 
Id.  Crameric) 


19.  Kinic, 

20.  I'yrokinie, 

21.  Meconic^ 

22.  Boletic 
33.  Camphoric, 
24.  Su!>erict 
2d.  Pec-tic 
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B.  fhHy  Acid*  composed  of  the  tame  Ingrfdientti. 

I.  Solid.  a  Butyric, 

I.  St«ari(v  9.  Caproic,                r,. 

'i.   Margaric,  10,  Hircic, 

3.   C«prir,  11.  Elaiodic,               <t 

I   -    4.^  Rjciiiic,  12.  Crotoiiic,              -i 

5.  Cevactic,  III.  Kot  Soajii^altte.        ,1 
II.  Ijiqnid.  \Q,  Ambreic, 

6.  Oln^  14.  Clioleiiteric. 

7.  l^liocentc, 

C.  Rtfinou*  Acids  cmipoted  t^the  mme  ConstitwKtu. 

1.  Ptnic,  S.  Coloplioiiic,  S.  Silric. 

D.  Acid*  compottd  of  Oxygen,  Carhon,  and  Azote, 

I.  CaHwtotJc,  2,  ludigoric,  3.  Uric. 

E.  Acidt  amtpoKd  qfOxj/gcn,  H^rogen,  Carbon,  and  Azote. 

I.  Aiipartic,  0.  Nilrolcuric,  5.  Purpuric, 

%  Xicnxtavcharic,      4.  Pyntrlc,  6.  Alhiiituic.         l 

K.  Avid*  compoffdofOxffffm,  H^lrogfn,  Carhon,  and  Sulphnr. 

I.  Hydru-caHwsulpliuric,  -t.  Sulpkoiiaptiialic, 

S.  .Sulpliiiviuiv,  5.  VegcUiNtilpliuric. 

•"}.  Xtuilllic, 

Q.  Acid*  composed  of  Oxy^n,  Uffdroffen,  Carbon,  Azote,  and 

^  1.  Sinapie. 

The  peculiar  naitin>  of  ihe  whole  of  these  aci<k  hsa  not  yet 
itr*a  made  out  in  a  sadiifai'tury  maiutor.  But  it  m  proper  to 
miicn  tiieiD  all  in  a  work  of  tliis  kin<l,  in  otxlvr  to  <lrHw  to 
tbon  the  altnition  of  practical  clicmbts,  that  all  uncertainty 
m)M.'ctiiig  ih«-in  may  W  rcinovetl  as  s|)ee(Uly  as  poAsiblc.  I 
it  []p»cribr  tlicu  in  tliv  rullowing  ni-cliiius^ 


Clut 
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SECTION  I. or  AtTTtC  ACID. 

I  B)dd  is  employed  in  tliree  difTercut  slaleti,  wliiclt  have  »>u>t 
Wen  diotingimhed  from  each  otlier  by  peculiar  names.  When 
H    &nt  prepared,  it  is  c!dli*<l  vineyar;  whi'n  purifictl  by  distillution, 
H  H  BBHUnes  tJie  uame  of  distilled  vinegar,  usually  called  acttous 
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acid  by  clietnists;  when  coDc«ntratv(l  a*  much  on  possiblv  l»y 
pecutmr  process*'*,  \l  M  called  nuiiml  rini-r/rir,  aiitl  liy  ch^-mists 
atvlic  arid.  It  will  be  requisite  to  describe  each  of  theae  states 
separately. 

1.  \'iiiegar  van  known  many  age<i  before  die  diteomy  of 
utiy  otiier  ndd,  fJiose  only  excepted  which  exUt  ready  fonaed 
in  vegetables,  his  mentioned  by  Monc«,  luid  indeed  »e«insto 
liavc  been  ui  common  iiscKmongthc  Isruclitcsnnd  other  custtm 
nations  at  n  very  early  period.  It  is  prepared  from  n-ine,  from 
beer,  nle,  and  other  similar  liquids.  Tliese  are  apt,  as  every 
one  knows,  to  turn  sour,  unless  they  be  kept  very  well  corked. 
Xow  sour  wine  or  beer  is  ])recise1y  the  Kaine  with  vinegar. 

Bocrhnnvc  iloseribcs  the  foUiiwinff  method  ornKikiiif;  vinegar, 
which  is  said  to  be  still  practised  in  <lifl'eieiit  ptacc»: 

Take  two  large  oaken  vats  or  hogsheads,  and  in  each  of  tlicsc 
place  a  wooden  grate  or  liurdle  at  the  <!isiance  of  a  foot  from 
the  bottom.  Set  tlie  vewcl  upright,  and  on  tlie  grate  place  a 
modemtely  close  layer  of  ^een  tvrig»  of  frcsli  cuttings  of  the 
vine.  Then  fill  up  the  vessel  with  the  footstalks  of  (^ipes, 
commonly  called  the  rape,  to  the  top  of  the  vessel,  which  must 
be  left  quite  open. 

Having  thus  prepared  the  two  vessels,  ponr  into  them  the 
wine  to  be  converted  into  vinegar,  so  as  to  fill  one  of  theni 
quilo  up,  and  the  other  hut  lialf  full.  Leave  them  tliiis  for 
twenty-four  hours,  and  then  fill  up  the  half-filled  vessel  with 
liquor  from  that  which  is  quite  full.  Four-aiid -twenty  Iiouis 
afterward*  repeat  tlie  same  operation ;  and  thus  go  on,  keeping 
the  vessels  alternately  full  and  lialf  full  during  every  twenty- 
four  hours  till  the  vinegar  be  mnde.  On  tlie  second  or  third 
(lay  there  will  ante,  in  the  liulf-filled  vessel,  a  fermentative 
motion,  accompanied  with  a  sensible  heat,  which  will  gntiliudly 
increase  from  day  to  day.  On  tlie  contrarj-,  tlic  fermenting 
motion  is  almost  imperceptible  in  the  full  vessel ;  and  as  the 
two  veH«eU  are  alternately  full  anil  half  full,  the  fermentation 
is  Ity  tliat  means,  in  some  measure,  tnterrupte<l,  an<l  is  only 
renewed  i^very  otiier  day  in  each  vessel. 

\\'hen  tills  motion  uppi-un  to  have  entirely  ceased,  even  in 
tbehalf-filled  vessel,  itisasign  that  the  fermentation  is  finished; 
and  tlierefore  the  vinegar  is  tlien  to  be  put  into  casks  clom 
Mopjied,  and  kept  in  a  cool  place.  The  process  in  summer 
usnally  last«i  fifteen  days ;  in  winter  it  lasts  longer.* 

■  Anaccount  of  tlie  tnodeDTRinkingrincfttirin  France,  AtmoM  prttniSf 
the  MRis  with  Ihnt  given  in  the  te:iit,  wha  puUii)i«d  in  the  Philouiphictl 
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Mnt-gmr  in  tliia  country  is  usuaily  made  not  from  wine  but 

tbc  malt  of  barley.    Tliis  malt  is  ground  nii<l  ina.ibe<l  with 

wa(«r.     The  fraeei  sotutton,  knovni  by  the  natna  o(  yrottt 

KWB  off  ood  fenQeiito<l  in  tlic  usual  w-uy.     It  U  ibeii  [nil 

Bto  beirels,  wtiicli  are  arr»ug«'<l  In  Mom  witlt  their  bungs  out, 

Find  ke])t  in  a  icinpf  raturo  of  tibout  84°.     Tliv  liquid  id  gni- 

[dually  t-itaii^ed  into  viiK-gor. 

(X  late  years  a  great  deal  of  ^ioc^^  tt  nuide  in  this  country 
lUsUilaliun  of  woud  (ehicfly  tlic  bnuiches  of  trees).  The 
which  cwmiM  over  i*oiuists  uf  n  mixture  uf  pyroligiieoDi 
ill  uclic  iicid,  cmpyreuniatic  oil,  &c.  The  litjuid  products 
^UT  separuied  from  tlie  solid,  and  being  ttaturated  wilh  lime  the 
H-hoIe  is  subjected  to  dislillation.  Tlic  lirst  jiroduct  obtained 
'» tlw  pjmliffneoui  B|)irit.  The  pyrulignate  or  acetate  of  lime 
Imnetl  b  deootnpoeed  by  sulpliate  of  sudu  by  double  ilecomptH 
itioOt  ac«tau>  of  amIu  and  sulphate  of  lime  being  formed.  The 
l]uid  ruiifoining  the  acetate  of  soda  is  ei-nporulcd  to  drjneiss, 
the  dry  residue  exposed  to  a  heat  of  about  5^0",  which 
the  impurities  mixed  witli  tlic  ftnlt.  It  Is  tlieii  diawlred 
water,  filtered,  e%-a)H>mted  to  dr)-iiFC»,  and  mixed  with 
requisite  quanliiy  of  Bul)iliuric  acid  to  tuituratc  the  »oda. 
be  mixture  being  Mibjectrd  to  distillation,  the  acetic  acid 
les  over  pure,  and  its  strengtli  depends  upon  the  quantity  of 
tter  which  the  salt  containe«l  when  mixed  with  the  sulphurie 
rel. 
Vinegar  ia  a  liqitMi  of  a  rcd<li»li  or  yellowish  colour,  a  pleasant 
•uur  tanto,  and  an  agrcouble  odour.  Its  B])ecific  gravity  rurica 
fran  1'01:)5  to  l-0'J51,and  it  differs  also  in  its  oilier  properties 
ling  to  ihe  liquid  from  which  it  liait  been  procured.  It  ia 
uibject  to  deo(Hnpo«itioii ;  but  Scheele  dL*covcred,  tliat  if 
,  be  made  to  boil  for  a  few  ntoment«,  it  may  be  kept  nftcr- 
fwardu  for  a  long  limc  without  alteration.  Besides  acetic  acid 
and  wal«r«  viuc^ar  contains  sevend  other  ingreilients,  such  as 
■naoh^,  a  colouring  matter,  and  often  sbio  two  or  more  vege- 
I  tobto  acids.  When  distilled  at  a  temperature  not  exceeding 
^^^Hif  boiling  water,  tillal>nul  two-thitiLsorfivc^xthiiat  most, 
^^^Vhavr  puAed  over,  nuwt  of  llicse  impurities  are  left  behind, 
^Bind  ihe  product  is  pure  acid,  diluted  witli  n'ater.  The  redduum 
~  k  sliU  an  add  liquid,  and  ol^en  lets  fall  cry&tids  of  tartar.   Ilut 

flMnwtioiHfar  mo.rol.v.p.  iOOt.   The  niethmla  hi  pmrnt  prnrtitcil  in 

Ee  irc  ikacribcd  tn  ibe  Sd  volume  of  the  Elcitit^iiH  de  Ciiyiuic,  |»il>- 
b;  the  O^n  Acixlcnif .  p.  6-  Mmi;  kIiU  follow  [lie  proccM  described 
Itxl  1  iMh«r*  H  dUkrtat  one. 
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even  when  tliu.'<  iliKtilk-il  it  is  not  quite  pure.  Mr.  Chcncvix 
bas  sliovt'ii  thut  it  still  contains  a  ppculiitr  miicila^notia  or 
extractive  matter,  aiid  traces  of  a  spirituons  liquor. 

Mr.  Pliil[i)M  infoniLs  n»  that  wlieii  tlie  best  English  malt 
nncfjur  of  thi-  spt-ci fie  gravity  l-0*i04  is  ilixtilleii,  llie  first  eif^hlb 
i«  of  the  specific  gravity  0-997 12,*  and  a  fluid  ounce  of  it  (.1-8047 
cubit;  inches)  (ILviotves  from  4-.j  to  5  grjiins  of  pred|>itiit<'<l  oir- 
boiviite  of  lime.  The  next  ».ix-eijfhths  !mvo  the  specific  tfravily 
1-00*23,  and  u  fluid  ounce  d!»n(ilve»  t^  12  ((rains  of  precipitated 
csrbonate  of  lime.  A  fluid  ounce  of  acid  of  the  specific  gia\ity 
1-007  dissolve;  from  15  to  16  grains  of  precipitated  carbonate 
of  lime,  or  lil  8  grains  of  marhle.f 

2.  The  acid  thus  obtained  is  a  liquid  as  transparent  and 
OolourlcM  iis  u-ater,  of  a  Mtroni^  iicid  (iiKte  »iid  »ii  agreeable 
odour,  soincwbiii  diflV-rent  from  that  of  vinefpir.  In  lliia  state 
it  is  usiiRlIy  cnlled  acetous  acid  or  distUitft  vinegar. 

it  may  be  preserved  witliout  alteration  in  close  vessels. 

When  exposed  to  a  moderate  heat,  it  evaporates  completely* 
and  without  undergoing  any  change  iik  its  properdes.  When 
CX|Kiseil  (o  the  action  of  cold  part  of  it  congeids.  'lite  (nweii 
portion,  which  consists  almost  entirely  of  water,  may  be  eauly 
eepEirntcil ;  and  by  this  method  tlie  acid  may  be  obtained  in  a 
high  degree  of  concentnition.  The  more  concentrated  tlie  acid 
is,  the  greater  is  tlic  cold  necessary  to  produce  congelation, 
Mr.  Lowit/.  liasitscertsincd  that  the  acid  itself  how  much  soever 
it  be  concentrated,  ery^tulli^es  or  congeals  at  the  temperature 
of— 22'. 

0.  Iladicat  nint^r  or  aeetic  acid,  ai  it  li  now  called,  wan 
originally  obtained  by  distilling  tY-nfii/ri*  or  atettUe  ^f' copper 
in  n  retort,  and  then  reclifying  the  liquid  that  comes  over  by  a 
BCi-ond  distillation.  This  process  was  known  to  the  alchymivts; 
and  the  liquid  obtained  was  distinguii^lied  by  the  name  of  radi- 
cal vinegar.  liertbollet,  in  1766,  endeavoured  to  idiou-  that  it 
differetl  essentially  from  diitlilled  vinegar  or  acrlrnis  arid  (as  it 
was  then  called),  «nH  he  wns  of  opinion  tluit  it  contained  a 
pri'ater  quaniity  of  o.xygen.  M.  Adet  in  17H7  publi«he<)  a  si't 
of  ex{KTiment»,  from  which  he  concluded  that  there  n-us  no 
otlier  diflerence  except  concentration  between  acetousandatctw 
acid  or  radical  vinegar.} 

•It  muti  have  Kniininnl  n  portion  of  alcolial  mixed  with  it,  for  tbc(p> 
gr.  ot  Hetic  acid  ia  grmicr  (hnn  thni  of  nalvr, 
t  Phillip*  on  [he  I'hnrmnropwia  Londincnsls,  |>.T. 
X  Ann.  de  Uiiin.  xxitii.  S'Ji). 
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TU*  oonclu^on  wna  coiisidcrad  us  hasty,  as  hf  did  not  ntu-mpt 
lo  nccount  for  the  very  striking  lUfFerenoe  in  tlie  taste  and  Htncll  . 
of  these  acids  xi  lie  hud  neither  repeated  nor  refilled  the  expe-. 
riments  of  ItertiioUet,  on  which  the  opinion  of  tlte  difference 
betweeu  tlienc  tw<>  acida  was  founded.  'Die  conclusion  of  A<let 
•w  o)i])osed,  in  1798,  !>)' Chuptal,  who  putilUhedaseicifex|ie> 
rimcHtM  on  ihc  mmn  nuhject."  T!ii'«  pliiloM»phcr  cndwivwured 
to  drinon«lntt<>,  as  IlcrllKilIrt  iiitd  iltme  before  hint,  t]i»t  acetic 
tnd  acetous  acids,  even  when  of  the  siune  Htrcii^th,  possess  dif- 
ferent properties,  and  have  different  efltact'*  on  otlier  bodies. 
Vnaa  tlu*  etTeet  of  sulphuric  add  iiiioii  i-ucli,  and  from  the  quuti- 
tily  of  charctKil  which  reuiaiiiH  in  the  n-torl  whi-n  equal  quua- 
lilii!»  of  each  witiirated  witli  putnxh  un^  (lislilUvl,  he  eoiiclitdcd 
tliat  acetous  ucid  contiuDS  a  smuUcr  proportion  of  carlmn  than 
■eetic  acid.  And  this  he  oonsklered  as  tlie  cause  of  the  difTcF- 
cacc  in  tlietr  pro]>ertieg. 

In  l**no,  a  new  wt  of  experiment!*  on  the  same  subject  was 
piihli»hcd  by  Mr.  Dabit  of  Nantes.-f-  This  chemist  endeavoured 
loprore  thai  acetic  acid  eonbuns  a  ^eater  proportion  of  oxygen 
than  iiretoa<4.     When  he  dislilled  a  mixture  of  acetate  of  potash 
■ul)diuric  aciti,  the  prixlncr  wn.s  aeelic  aci<l :  but  when  he 
tuied  muriiiticacid  fur  Nulphiiric,  be  oliliiiiit-il  acetous  acid: 
liU  wben  to  (his  lii*x  mixture  u  Utile  black  uxidc  of  nuuig^aneRe 
■ddt^l,  I"'  »MMni!  us  tluit  be  obt<-uned  acetic  ucid.     And  in 
oooe  of  the»c  cases  was  there  any  carbonic  acid  emitted  till  ■ 
towutfa  the  end  of  the  <listiIlalion. 

Tbo  experiments  of  I>amic(|  iit  hL^t  linnlly  settled  (bis  dispute 
by  deninnstratin^  that  acetous  and  acetic  acids  differ  merely  in 
concentration.  Tliis  able  chemist  repealed  the  experiments  of 
Adet,  which  he  found  perfectly  accurate,  and  ]ierfurnii-d  Si^veral 
new  ones:  all  of  which  left  no  doubt  tliat  aeclons  and  acetic 
adda  contain  precisely  the  ssune  pniporliiiu  of  o.\yf;en.  He 
n«l  tried  the  opinion  of  Cluiptiil  rwjieciing  the  proportion  of 
cuboii  In  each.  \\'Iien  equal  qiiantiries  of  acetic  and  acetous 
■cUi  are  oomliini-il  with  potash  or  soda,  the  dry  salts  distillled 
leave  tlie  Ninie  quantity  of  charcoal,  anil  yield  the  sanie  qiuui- 
tity  of  otlier  products.  When  reduced  to  the  same  specific 
grarii]-,  the  two  acids  form  precisely  the  siime  salts  with  all 
alkaliae  and  earthy  buMi*^  Finally,  ncetou^  acid  ^ulually 
beoomes  acetic  acid  when  distilled  repeatedly  off  dry  muriiit£ 
of  lime :  and  In  lhi«  casu  no  gaseous  body  whatever  is  evolved. 
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From  thrsr  fflcbi,  it  is  imptHsiblv  to  entertiui)  a  <loiil>t  Oiat 
~  llic  two  Kubstanoea  are  rsaentially  the  ramr,  iind  tliat  tlnit*- 
npparciiC  differences  are  owin^  to  (be  great  quantity  of  water 
wit))  wliieli  ucHouit  iicid  ixdiliitecl,  aixl  the  ntucila^iious matter 
wliic'Ii  it  Hiill  rctitiii^*  Tlie  same  rettiiltH  were  olilaioecl  abo  l>y 
l*roiwt,  wlio  bud  drawn  tlic  same  ooiicluoions  before  lie  became 
Ac^iiaittU-d  with  Dumirq's  poper.f  In  conwqucnce  of  tltese 
Utcbi,  till*  tenn  acHuNg  acid  bua  been  laid  u»ide,  and  the  luune 
aeetie  acid  b  now  given  by  chemiitts  to  pure  vinegar  in  all  its 
states  of  concentration. 

Act-tic  aeid  in  iii!i  greaK'sl  degrw  "^  conceiilration  may  he 
oi>titint!d  by  mixing iiiihydrou^  acetate  of  lcad,«r  ac<'Uitc  of  HOiia, 
with  the  quantity  of  concentrated  sulphuric  acid  rcquisit«  to 
*at»talc  tlic  brt-se*  of  thcMC  wdtx,  nnd  diMtilliti)^  with  a  gentle 
heat  The  liquid  thft^  comex  over  r*  not  quite  free  from  sul- 
phurous acid.  The  mUlition  of  ii  litlU?  peroxide  of  lead  tlirows 
down  tlie  Kul|>hurou#  livid  by  instantly  converting  it  Into  sul- 
phuric acid.  To  be  sure  tluit  it  conlain<i  no  oxide  of  lead  m 
solution,  it  n  necessary  to  subject  the  acid  to  a  new  distillation. 
"'  Acetic  acid  obtnincd  by  this  proceiu  is  a  compound  of  one 
atom  of  ncetic  acid  and  one  atom  of  water.  It  cryHtallizea  at 
the  temperutun*  of  45"  when  we  throw  into  it  any  particle  of 
solid  nuittcr  (a  crystal  of  itcvtic  acid  answers  best),  and  the 
thermometer  plunged  into  it  riAcfl  at  the  same  time  from  45° 
to  51*.  These  crystals  are  usually  flat  jihiies.  and  tliey  have  a 
jiearly  lastre.  The  smell  uf  the  aett)  in  tlin  stale  in  m>  Atrong 
as  to  bo  painful  to  the  olEnctory  organs.  Its  taxtc  is  excessively 
AAur,  and  when  ujtpliod  to  the  skin  it  blisters  the  place  aiiH  pro- 
duces n  sore.  These  cr)-stals  melt  into  n  liquid  at  a  tempera- 
ture rather  below  60°,  though  I  hare  not  been  able  to  deter- 
mine tlie  exact  point,  Tbe  specific  gravity  of  the  liquid  crj'stals 
at  60',  is  )-0629fi.  'Hie  following  titble  exhibits  the  specific 
gravity  of  these  cry«tids  in  solution,  and  combined  with  various 
quantities  of  wut«r. 

1  atom         .  ,  I-0G296 

2  .         .  l-070(iO 

5  .  .  1-070B4 
4  .  .  1-07193 
fl  .  '      .  1-06820 

6  .  .  106708 


I  atom  -f 


+ 

+ 

+ 

+ 

+ 

*  Dsrrarq,  Ana.  dc  CJiini.  xti.  S6i.  f  Jow.  de.  Phy«.  hi  >I0. 
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WMA 

I  i\U>m  +     7  atoms 


DiT. 


1-06349 
1+8  .  .  1-03974 

1  -f.     9  .         .         I-05?04 

1  +10  10.J439 

tbu  table  it  upt>ears  that  Uio  ftj)edfii'  gnnty  i«  a  raui- 
■Diun,  wlien  llie  liquid  in  a  cumpoiiml  of  I  uLum  scid  ami  4  utoms 
Wll4>r,  or  of  100  jMirts  add  and  7'2  jiarta  water.  \^'o  sec  also 
diat  thr  Bpccilic  gravit}-  of  acid  coataiiunf^  only-  one  atom  water 
{«  ntrwljr  tKo  same  vitli  tliat  coiitaiuinf^  7  atoms  water.*  It  in 
irv!i)<:nt  5roin  tbis  that  no  iiiformatiun  roHpcotiiiK  die  strengtli  of 
tW  ncid  call  be  obuiiiieit  from  its  s])ccific  t^riivity. 

Acetic  add  {>o«»e««ea  but  little  encr^  in  cMnbiniii^  widi 
boses ;  as  incMl  of  tlw  otiivr  acid^  are  capable  of  <li»j>t;H:in^  it. 
But  it  uciitr^liM-H  mont  buf»e«  very  well,  and  farmti  witli  them  a 
cbiM  of  Mdiscolieil  anfairs,  scveiid  of  whicb  are  of  considerable 
lin|)ortanei.-.  They  are  all  nntbout  excei>iioH  soluble  in  water, 
Tbv  least  soluble  are  the  acetates  of  mercury  anil  itilver,  but 
tbejr  Me  not  sufficiently  so  to  enable  us  to  employ  tb«-in  as 
BMSits  of  detemuniiig  the  quantity  of  acetic  acid  in  uiiy  cum- 
pDund. 

Acetic  acid  retpiires  a  tlronj;  red  heat  for  its  decom post  lion. 
Mr.  Chuni-vix  iNimcd  it  five  timo  Miicetfyivt-ly  lliri>u){ti  a  red 
bot  porcelain  tube  without  destroying  it  completely.  But  when 
tube  b  filled  willi  charcoal,  the  decom|>Dsition  ia  complete. 
'Tbe  fin>l  attempt  to  iiM^ertain  the  confttituentA  of  aceticacid  cumpuiuaa. 
was  made  by  Dr.  Hi^iiit.  He  disttlled  acetate  of  pota&li,  and 
hj  tiuU  meu»  decomiMMcd  the  acetic  acid.  The  pro<liicts  were 
eoDected  und  cxatniiie<i.f  But  at  tbat  time  chcmi<itry  was  not 
fiu-  enough  adt-anccd  to  entitle  ua  to  look  for  correct  resulu  from 
Micb  an  analysts.  The  subject  was  resumed,  firi^t  by  Oay- 
Lomcaiid  'Ilienard,  and  afterwards  by  Kcrzeliui^.   The  former 

I  burnt  a  mixture  of  acetate  of  liaryli-n  mid  cidontte  of  potiwh, 
'I'be  acid  was  completely  converleil  into  witter  iinil  (iirbonic 
ftcsd.  Tlie  KWH-oua  prodiid8  bein|r  examined,  luul  tlie  quantity 
afieUie acid  ducomiMwed  known,  tliey  were  enabled  tocitlculale 
Itl  0anBtttuenta4  Beneliits'  analysis  was  conducted  according 
to  tbc  Mune  tbeoretical  principles.  But  ho  was  at  more  paing 
'        Wflbtaiti  tliv  salt  upon  wbtdi  he  operated  quite  free  from  water.^ 
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■  First  Priadplci,  £■  }3S,  f  Higgine  on  Accious  Aci<l,  p.  20. 

I  8«<harchcs  Phjvoxbymtfiues.  ii.  300. 

j  Sm  a  afaiMe  kcoiubi  of  lh«  precautions  whirli  he  tuok,  nnd  the  inoJo 
wUth  t«  faUowsd,  ia  iJie  Annals  of  PhiloM{>l>},  iv.  383. 
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"'^'-    The  followiag  table  exhibits  the  composition  of  acetic  add 
according  to  these  chemists : 

HydngcD.  Cuboi.  Oijgen. 

Gay-Lussac     .     5-629  +   50-224  +  44-147  =:  100  acid 
BerzeliuB  .     6-35    +  46-83     +  46-82    =100  add 

But  Berzelius  has  corrected  these  first  results,  and  now  con- 
siders the  constituents  of  acetic  acid  to  be 

Oxygen  .         .         46-642 

Carbon  .         .         47-536 

Hydrogen        .         .  5*823 


100-000 
Now  these  numbers  are  meant  to  be  the  equivalents  for 

3  atoms  oxygen  .         .         3*0 

4  atoms  carbon  ,         .         3*0 

8  atoms  hydrt^en        .         .         0*375 

6*375 

i^  This  would;  make  the  atomic  weight  6*876.  I  hare  given 
an  account  elsewhere  of  a  careful  set  of  experiments  which  I 
made  to  determine  the  atomic  weight  of  acetic  add.*  I 
obtfuned  as  the  result  6*25.  This  diiFere  from  the  analysis  of 
Berzelius  by  an  atom  of  hydrogen — a  quantity  so  small  that  it 
is  not  easy  to  devise  experiments  of  a  nature  capable  of  decid- 
ing the  point  with  absolute  certainty.  But  my  experiments 
being  simple  and  easy,  I  am  induced  to  put  some  confidence  in 
them.  I  therefore  consider  the  constituents  of  this  add  to  be 
8  atoms  oxygen  .         .         3 

4  atoms  carbon  .         .         3 

2  atoms  hydrogen         .         .         0*25 

6*^6 

Several  other  determinations  have  been  published ;  but  none  of 
them  seem  to  have  been  founded  on  direct  experiment  except 
those  of  Gay-Lussac,  Berzelius,  and  my  own. 

Acetic  acid  is  formed  in  great  abundance  during  the  slow 
combustion  of  alcohol,  ether,  and  volatile  oils,  by  means  of  a 
coil  of  platinum  wire,  by  the  method  discovered  by  Sir  H. 
Davy.  Mr.  Daniel  considered  the  acid  formed  by  this  process 
as  peculiar,  and  he  described  it  under  the  name  of  Itanpicaxid. 
I  stated  in  the  last  edition  of  this  work  my  opinion  that  it  was 

•  Anoals  of  Philoaophy  (2d  seriee),  ii  142,  and  Firet  PrmdplM,  iL  1S7. 
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merely  ncciic  acid,  (liNf^uiiied  by  llie  presence  of  some  foreign 
nUtcr.  A  nd  ibe  accunuy  of  tliix  ojtiiiioii  uil^  kooii  afteru'iinb 
(■IllklUhed  l»y  Mr.  Duiiicl  htmsclf.  Tlicrc  is  u  curious  wt  of 
rxprrimcnts  by  Mr.  Miiler,  showing  thai  a  great  vnricly  of 
•ulKrniices  afwr  being  h«ated,  wlien  bnmglit  in  contact  witJi 
the  rapour  of  ether,  maintain  a  slow  coiubuHtion,  and  give  origin 
to  the  formation  of  a  greal  deal  of  acetic  Hcid.*  The  flubject 
b  highly  worthy  of  a  )>arttciilar  invc^ivatioii. 

There  ar*  tl>ree  acid*  which  hare  hc*'ii  dlstingui^hett  by  [locii- 
liar  nome-i,  but  which  seem  to  be  notliiiig  el^  thun  uc-etic  acid, 
a  little  diflpiiwd  by  the  presence  of  foreign  matter.  It  will 
be  worth  wliile  to  give  a  sliort  account  of  these  acida  in  this 
pbce. 


nmtV 

DtT.tt 


H  1.  Lactic  Acid. 

^L— Sjftpo  milk  is  kept  for  some  lime  it  turns  eour ;  Schcelc 
^HMBned  the  aci«t  tliu»  evolviil,  ami  gave  it  tliv  name  of  iftciic 
«ad.     He  din'cia  the  foUovring  method  of  procuring  it : 

Evaporate-  a  qnantity  of  sour  whey  to  an  eighth  part,  ai]d  ,^V*J*- 
Ithrn  filler  it:  thit  separates  the  cheesy  parU  SaturMt«  the 
rCtpitd  with  lime-water,  iuh)  tlie  phoHphate  of  lime  precipitates. 
I  Fitter  again,  and  dilute  tlie  liquid  with  ihrts*  times  its  own  bulk 
'  water  ;  then  let  fall  into  it  oxalteacid,  drop  by  drop,  to  pre- 
[ctpitatc  the  lime  which  it  has  dissolved  tVom  the  lime-UTiter ; 
fthen  add  a  vt-ry  Mnalt  (piaatity  of  lime-water,  to  see  whether 
|loo  much  oxalic  acid  has  Wen  added.  If  iliere  lias,  oxalate  of 
immediately  preeijittntes.  Kfiiporaie  the  KobiUon  to  tite 
rcotuuMencc  of  honey,  pour  in  a  sufficient  quantity  of  uU'dlioI, 
and  filter  again  ;  the  acid  passes  through  dissolved  in  the  alco- 
^^  hoi,  I>Ht  the  sugar  of  milk  and  every  other  subslaiice  remains 
^1  U'hiiid.  Add  to  tlie  scihitioii  a  xiiiall  <juiiii(ity  ut'  water,  and 
^■lUstil  with  a  amall  heat;  tlie  alcohol  pa««cs  over  and  lonvea 
^Uwhitul  tite  lactic  add  dissolved  in  water.f 
^P  From  tlie  properties  of  the  acid  procured  hy  this  process, 
Sehci-le  coiiclu<lcd  that  it  was  very  analogous  to  ihc  acetic,  but 
.that  it  wanted  something  to  bring  it  to  that  slate.  He  even 
ittfd  out  a  method  of  procuring  vinegar  from  milk  in  con- 
jerablc  qaantii)-,  and  ascertained  that  it  always  yielded  a  little 
eu  di&tilled.t 
lo  the  year  1802,  Koidllon  Lagrange  published  a  set  of 


•  Aao^  of  PhilcMoptif  (ed  Mrim),  ui.  1 7. 

t  Scbtwle,  KoDgL  Vet.  AtuiL  Huidl.  17W,  p.  1 16.    |  Schoole,  IJ.  M. 
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aqpnQMntit  on  )nctic  iu:\A,  from  which  he  drew  im  a  conclusion 
tkat  It  Is  nteroly  acetic  ncid  contuniinatf  d  with  some  Kiliiir  niiil 
nimal  matter.*  'rhenanl  drtw  tlic  wune  ixi»Lliu>iun  tram  his 
experiments  in  liM((.f  Both  of  these  clu'mist*  had  obtained 
the  ncid  wliivh  tliey  examined  by  distillatioii.  Hut  Scheple 
had  expressly  stated,  tliat  lactic  acid  when  distilled  u-ai*  txHi- 
verted  into  acetic  add.  TJie  existence  of  lactic  acid,  there- 
fore, was  by  no  means  disproved  liy  their  experimente.  1'lic 
mil^ect  was  taken  wp  by  Frofewwr  Ileneliiift,  in  1B08,  In  the 
Moond  volume  of  his  .\nimal  Chemi.*try,  he  examined  llie  pro- 
perUes  of  lactic  ucid  in  dctidl,  and  endeavoured  to  cstublUh  its 
peculiar  nature.)  He  employed  tlie  following  process  for  pro* 
curing  pure  lactic  acid : 

i-jttmcl  obtained  by  cvaponttiiig  whey  to  drynesa,  consista 
of  hicdc  acid,  hictitle  of  pota»h,  muriate  of  potash,  phosphate  of 
lime,  HJul  »H>nu'  animal  matter.  It  wiw  dtswlvi-d  in  alcohol  and 
'  mixetl  with  alcohol,  liuMing  -'^th  of  its  weight  of  coiicenlniied 
sulphurie  actd  till  there  was  an  excess  of  stdphuric  acid  in  tliv 
aolution.  Some  sulpliate  of  potaab  was  precipitated.  To  i;ct 
rid  of  the  other  acids  it  wan  dij^'.-ited  over  carbonate  of  lead,  till 
the  liqnid  acquired  u  sweetish  tiule.  By  this  the  itiilphuric  acid, 
the  phosphoric  acid,  and  most  of  the  muriatic  acid,  were  separ- 
I  ated ;  but  lactic  add  forming  a  soluble  comiwiuid  with  lead 
'  Vemained  in  sotutiun.  A  current  of  sulphuretted  hydru^cn  gas 
being  passed  through  the  liquid  threw  dow  n  the  lead.  The 
liquid  was  now  digested  over  quicklime  till  all  the  animal  matter  | 
waa  s«|iarated.  It  now  contained  only  lactic  acid,  muriatic 
acid,  and  lime.  A  portion  of  it  was  taken  and  freed  from  ita 
lime  by  means  of  oxalic  ucid.  This  portion  was  then  sautrated 
iritb  carbonate  of  silver.  By  moans  of  this  solution  the  remain- 
der of  the  liquid  was  freed  from  muriatic  acid.  Finally,  the 
lime  was  thrown  don-n  by  means  of  oxalic  acid,  so  that  nothing 
remained  but  lactic  acid  dissolved  in  water.  To  get  rid  of  a  ■ 
•malt  portion  of  oxalate  of  lime  which  it  may  hold  in  K>lution,  f 
it  w  proper  to  evaporate  it  to  dryness  aixl  rediwwlve  it  tn  wutvr. 
W'heii  uatDical,  rioe,  and  several  otlier  vegetable  bodies,  arc 
mixed  witli  water,  and  left,  to  spontaoeous  fermentation,  they 
acquire  an  acid  taste  and  smelL  The  acid  thus  formed  was 
examined  by  Uracoimol,  who  con^idoreii  it  iw  «  new  arid,  and 
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•  Aan.  da  CMoi.  L  88a  f  Ibid.  lU.  EM. 

t  KraUnungar  i  lyjurkcnii^n,  ii.  43IX    A  iraoilBtJon  of  hb  aecouM  of  , 
lactic  acid  b  pubUthod  in  ibc  Phil.  Mt^.  xll  H\. 
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ipn  It  Uic  niime  of  tuaceic  add.*  But  Vogvl  aftenranU 
■1m«'«1  it  U>  Ih?  identical  willi  th«  lactic  acid  of  ^clioele.f 
Lactic  acid  vliea  obtaliHil  Ity  Itracoiiiiot's  procewt  (which  tiuncun. 
■Utn  til  Haturatin);  t3ie  arid  villi  oxi<lc  <>f  xinc,  und  purifyiiifr 
he  mU  tiy  II  doiihtc  crj'stjilliziitiori.  Tbt-  silt  is  oovr  dbsolvH 
I  hot  water,  the  oxide  of  zinc  thrown  donm  by  barytes  water, 
1  the  barytea  by  ttulphuric  acid)  is  colourleHs.  Dot  when  the 
of  Scbeele  or  HcrzeliiL^  in  adopted  it  )ia.t  a  lirownixh 
■Dow  oolonr,  and  u  sluirp  sour  taste,  wliicti  is  miieli  wi-itkeiiod 
[by  diluting  tlio  arid  witli  water.  M'liik'  eold  it  luut  no  Hmcll, 
nut  when  lie-ati'd  it  acquires  a  sharp  sour  odour,  not  unlike  that 
Tof  nihlimed  oxalic  acid.  It  does  nut  er)  stall i^ce,  but  wlii^n  cva- 
[pontnl  to  dryucK^  form.i  a  smootli  vartiiidi  which  gnidiudly 
IsttiBett  BKi!i(ure  from  the  air.  It  dlsiolvea  readily  in  aleohoL 
tWlwo  bofttfid  it  boils,  emits  a  sour  smell,  and  leavca  a  bulky 
not  nsily  liiunt.  When  tlistilled  it  gives  out  empy- 
itic  oil.  water,  acetic  aHd,  carbonic  acid,  and  inflammable 

All  the  niw  which  it  form*  with  bibiM  arc  soluble  in 

prater,  and  hardly  any  of  them  can  be  made  to  assume  a  cr)'s- 
^latUxcd  fonn. 

Tlili  acid  obviously  difTem  from  acetic  actd  in  being  Icsa 
roblile.      But  M'hellier  thw  ililTcreiice  be  not  owing  to  some 
ifoniga  HubKtiuin^  combinnl  with  acetic  acid  Ims  not  been  dcCer- 
I  vui<>d.     'Ilie  lactates  described  by  BerzeUus  as  exUiing  in  all 
fluids,  have  not  boen  suificicntly  examtne<I  to  make  thi'ir 
certain. 


I 


3.  Catetc  Acid, 

lliU  la  a  name  ^ven  to  a  substance  formed  by  Proust,  by  no*  Miin. 

tubjpctlng  tlti;  rnrd  of  milk  to  tlie  putrefactive  fermentation, 

4111I  wliicii  lie  considered  as  a  peculiar  acid.     Curd  was  allowed 

putrefy  under  water  at  a  temperutiire  of  abutil  bO".    In  about 

lya'  time  tlic  water  will  be  fotnid  to  lioM  in  Hohition  plitw- 

',  acetate,  and  ca»c«ie  of  ammonia.     The  water  is  renewed 

'from  time  to  time  till  the  putrefying  curd  given  out  no  more  of 

time  sulwtances,     Tlie  watery  liipiids  urc  ev«pon>ti'd  to  the 

consiiitenec  of  a  syrup,  which  is  mixed  with  alcohol,  and  the 

mixture  left  for  Mime  time  undisturbed,  and  the  whole  is  tlien 

Ihruwn  on  iIk>  Alter.     A  wliiu-  i.ubstance  remaias  on  tlie  filter, 

to  which  Proust  gave  tlic  name  of  ritMif  aritfe.     The  alcoliottc 

liquid  contains  tlie  caseate  of  ammonia.     It  is  subjected  toili»- 


Aan.  da  Olai.  txuii.  86. 
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tfUntton  to  get  rk)  of  die  alcohol.  Tlie  residue  is  boiled  with 
witUT  tind  rarbonate  of  lead,  which  dit>eng;agt's  ull  itif  ammonia. 
The  lifjuid  being  nowfiltcn'd  Ucxposed  lotheaclioiiofacurrent 
of  flulphiirvtUtl  hydrogen  gns  to  throw  down  tlie  l«id.  It  is 
Oj^uin  filtered  and  coiicciitratcd  to  drivt-  otTttii^  acetic  acid  which 
it  contains.  'Flie  liquid  thus  treated  cotwstw,  acconlinfr  to 
Proust,  of  a  solution  of  cawic  acid  in  water.* 

This  aci<l  w  described  at  a  light  yellow  syrup,  which  when 
heated,  passes  iuio  a  horny,  tranaluceot,  yellow  matter,  luiring 
a  sour,  hiller,  and  choesy  taste,  and  easily  soluble  in  water. 
According  to  Braconnot,  who  luw  repeated  the  e.\perimentjs  of 
Proust,  tliis  suttstanee  owes  its  add  properties  to  a  quantily  of 
aeetic  acid  which  it  eontains.  IJul  it  cohmsIs  chiefly  of  vniioua 
unimal  muttetv.  One  of  the  most  n^markable  of  which  (the 
aueie  axitk  of  Proust)  he  has  called  apotefitrlitK  It  U  mixed 
with  some  resiit.  some  oil,  and  acetate  of  polasli,  inurtate  of 
potash,  and  acetate  of  ummonia.f 

It  would  appear  from  thiit  that  caseie  acid  ts  not  a  peeultur 
acid,  but  merely  the  acetic  disfruised  by  a  quantity  of  foreign 
matter,  which  retards  Its  volatility.     In  this  respect  it  resembles 
I  kctic  acid. 


ti.  Fibric  Acid, 

I  give  this  provisional  n.iine  to  an  aeid  substance  obtained 
by  M.  Perelti  by  tlie  following  proccm :  The  muscular  flesh 
of  an  animal  w  dig(^su-d  in  euld  water,  luid  the  water  evaporated 
to  the  consistence  of  a  synip.  This  matter  is  d^«st«d  in  strong 
alcohol,  aiul  the  Miliition  being  set  aside  for  some  days  in  a  close 
vessel,  some  small  needle^iaped  crp<taU  make  their  ap[iea> 
ance.  These  needles  red<lcn  litniui)  paper,  and  wlien  heated 
give  out  oil  luKlairbonuteofanimoni;!,  with  a  Mnell  of  roast  meat. 
They  dissolve  easily  in  trater  and  alcohol,  and  may  be  mi.\ed 
with  sulphates  and  nitrates  ivitliout  undergoing  decompoHitiou-t 

These  fuctit  are  scarcely  nuflieient  to  determine  the  real  lutturc 
of  these  cry^titU.  Tbey  consist  prolwbly  of  on  alkaline  super- 
lactste. 

I 

SECTION  II. — OF  FOKMIC  AC)I>. 

tMncy.  This  acid  is  first  mentioned  in  the  Philosophical  Tran-^actioiu 

for  1671,  in  u  paper  by  Mr.  Kjiy,  giving  an  account  of  tli«! 


*  Ann.  de  Chin,  ct  dc  Phjt.  x.  ta. 
X  Jour.  lie  Phum.  xii.  S7-k 


\  Ibid,  xnvi  165. 
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of  Mr.  tialse,  ui<l  llie  experiments  of  Mr.  FiiAer, 
the  ari«)  juice  wliicli  U  «pontancot»ly  given  out  by  untt,  unci 
bick  Oiry  yifU!  when  distilli-d.*     Mr.  Ftiher  compares  tli» 
wiih  vinc^jr,  but  [wiiibf  out  some  difiVTentes  between 
Scarorly  any  uddidon  was  mude  to  tlivso   facts  till 
'  ptibtishcd  a  disserlation  on  the  subject  lu  tUo  Herlin 
lemoirB  for  1 749,  in  wfaicb  lie  describes  tUo  method  of  olilain- 
tlic  formic  acid  from  tbe  Jitrmiia  rufii,  or  red  aut,  aiid 
out  iu*  iiroi>ertifs  witli  his  iiMial  precision  iuid  raelbod-f 
new  dtncrtHtioii  uns  published  oil  die  nunc  subject  by 
tmn.  Arvid«on  nnd  Ocbni  in  17l^,  in  wliich  the  discoveries 
'  lib^nff  were  conlimied,  and  many  new  porticolara  added. 
Itimbirtadl's  paper  on  the  same  subject  appeared  In  CreH'e 
ntuU  for  1784.     lUs  researches  were  directed  chiefly  to  the 
«tion  of  (be  formic  acid.    I  le  di^inoailratcd  that  the  juice 
Tants  coDlainctl  cvvcial  f»n-i^i  l)oiiit--s  and  amotig  otlien*,  that 
tporttoii  oi  malic  oaW  might  bede(eete<l  in  it.     Kicbter  pub- 
hcd  experiment;)  on  fonnic  acid  about  the  year  1798,  ]>oint- 
Difout  a  method  of  procuring  it  in  o  very  concentrated  statc.J 
(-}cux  soon  after  examined  It,  and  found  it  analogous  to  the 
Ftic  tin^$     This  opinion  of  the  French  chembt  was  con- 
firaed  in  11^2,  by  Fourcroy  and  Vnnquetin.  who  published  a 
diMprtatioii  on  ants,  and  concludiil  from  tlicir  cxperimenK  that 
formic  acid  is  nothing  else  than  a  mi^rturt  of  the  ucetic  and 
ie  aei«ls.n     The  o]iimon  muinlnincd  by  these  celebrated 
pbers  induced  Suersen  to  ctaniine  tlie  subject  by  expe- 
iL     Tilts  chemist,  in  an  elaborate  dissertition  on  fonnic 
published  in  1805,^  shows  that  mast  of  llie  facts  pointed 
A  by  Fourcroy  and  \  auquelin  luid  Iwen  alreu<ly  usccrtjiined 
preceding  chcmiAt*;  tluit  the  experiments  which  tbey  detiiil 
pre  not  sufficient  to  warnint  their  couclusions;  that  formic 
J,  when  properly  prepared,  contains  no  malic  acid ;  and  tlmt 
.  pooattses  prtipertirs  different  from  the  acetic.     Gehlen  niis 
ioeed  to  resume  the  cxamiuation  of  tliis  acid,  by  m>me  obser- 
utloiis  which  I  made  upon  it  in  a  former  edition  of  tliis  work, 
publiidied  an  elalMintie  dissertation  on  it  in  I  SI '2,  in  which 
rlc  compnrc*  tlie  pTO)K-riie«  of  fonnic  acid  with  those  of  ucetic 
acid,  and  points  out  the  peculiar  characlers  of  formic  acid  with 

•  PfaiL  Trani.  t.  9003.    f  HwgmS't  Opuic.  L  SSI.    f  Gcbleo,  iv.  7. 
{  FourfTojr,  X.  49)  |  Eng.  Tnuu.    I  have  nol  mco  riUwr  iJie  dincrtation 
of  KicKiv  or  Oarcnx. 
I  FhU.  lli«.  IV.  1 16.  1  a«lil«n-»  Jour.  iv.  I. . 


Dlt.U. 


COMrOUHD  OXYGKN  ACIDS. 


Ch«ni. 


I  Bmr  •KUUl. 


great  cleaBM'kiul  precision.*  Since  tliat  time  it  hus  been 
annlyxv<I  by  Itcrzeliiis,  and  an  artificial  metJiod  of  preparing  il 
has  been  discovered  by  Doljereiiier. 

Tlie  simplest  metliod  of  pnicuriiifr  foniiic  acid  in  a  state  of 
purity  is  tliat  of  Marifniff  as  corrcctcii  by  ItichtPr.  Suencn 
accordingly  liuil  recourse  to  it.  Tbis  inetliotl  in  as  follows : 
Infuse  nny  quantity  of  ants  iii  about  thrice  their  wrt|;lit  of  wateTi 
put  the  mixture  iuto  a  silver  or  tinned  copper  still,  and  draw  off 
llie  water  by  di-itiliatioti  as  long  as  it  continues  to  come  over 
without  any  burnt  Mmell ;  for  tiu^  db.till:itiuii  must  be  stop]>ed  as 
»oon  -M  timt  smell  begin*  to  be  pt-recived.  Saturate  the  water 
in  tlie  receiver  with  carbonan-  of  pobudi,  aiid  evaporate  to  dry- 
aeu.  Mix  the  white  mass  thus  obliiincd  witli  iis  much  sulphuric 
acid,  previ  >iivlv  ililuted  with  its  weight  of  water,  as  is  sufficient 
tosatunui  il"  [  it;i.'Ui.  hitroduee  the  mixture  into  arelort,  aixi 
diitil  slowly  to  drynvsK.  I'hc  l!(pii<I  which  ciime«  over  into  the 
receiver  is  to  be  iigatn  rectified  by  n  very  moderate  he^it,  toget 
rid  of  uiiy  portion  of  sulphuric  acid  tJiat  may  bo  prescnL 

Gcblen,  to  be  still  more  certain  of  tlie  purity  of  his  formic 
acid,  »<ttturaled  tlie  acMi  prepared  by  the  above  process  with  car- 
bonate of  copper,  and  by  tlic  reijuisite  evaporation,  se)Minited 
the  formate  of  copper  in  crystals.  He  mixeil  in  n  retort  13 
ounces  of  these  crystals  with  B  ounces  010  grains  of  sulphuric 
add  of  the  upecific  gravity  I-A64  and  distilled.  He  obtained 
6  ounces  4 10  ^liiut  of  formic  acid  in  a  sLite  of  purity. 

Doberciner  dUcovered  tli;tt  if  we  mix  togetlier  in  a  large 
retort  one  part  of  crystaU  of  Uirtjiric  acid,  2}  parts  of  deuu>xidc 
of  mangniiesc,  and  'JJ  of  sulphuric  ueid  of  the  specific  gravity 
raS,  previously  diluted  wiib  tn-ice  itx  weight  of  «-ater,  and 
apply  beAt,muchcarl>outcacidg»<i»disei^aged,  and  tlie  matter 
in  tlic  retort  swells  up  and  has  a  great  tendency  to  niu  over. 
After  the  disengagement  of  gas  is  at  an  ond,  ifwe  distil  over  the 
liquid  wo  obtain  dilute  formic  acid,  which  may  he  concentraled 
by  saturating  it  wilJi  potash  or  so<la,and  mixing  tite  formate  with 
the  requisite  quantity  of  Rulpburic  acid  and  dlttilling.f 

W'oliler  liii«  found  that  the  proceio  sticoeedM  equally  if  we 
Bubstilutc  starch  for  tartaric  acid.  And  Lieheg  even  iiflinnB 
that  many  other  organic  bodies  mjiy  be  substituted  for  tartaric 
acid  without  injuring  the  process. 

It  lias  a  shaq)  eour  taste  and  cannot  be  crystallized,  eren  by 
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'  Scbwd^i's  Journal,  iv.  I.         f  Uitbert'n  AnnulcD,  Uxi-  107, 
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itioD  of  artifidul  cold.     Its  «|>ccific  gravitj-  ut  tb«     "^t- 
iMDpcmturc  of  6ft»  is  M 168,'  while  lliot  of  the  most  concen-     °^  "' 
tnted  acetic  acitl  doe;  not  exceed  1*08,  and  it  contains  1£H66 
fnemu  of  water.     When  mixed  with  it^  nwn  woiglit  of  piira 
er  iu  spreific  gravity  bcoooic«  1*06.     And  if  wc-  add  twice 
mnel)  wmur  it  becomes  1-0296. 

Dubrmner  liu  ascvrtmned  that  when  mixed  with  nnhydroua 
pburic  iiL'id  it  uiidcri^ocs  dcconifweition,  because  it  cannot 
ahnu  witliout  wnter  or  a  base.     It  u  converted  into  carbtniic  <'«<ii<«iu«ti, , 
tide  gas  aiid  water.     From  tlie  proportion  of  airbonic  oxide 
l{ai  evolred,  he  conclude*]  that  it  coiwists  of 
3  atoms  oxy^n         .         .         H 
2  aXotm  carbon  .         .         1-5 

1  uota  hydrogen       .         .         0-125 


4623 
that  it  differs  from  oxalic  acid  ttimply  by  containing  an  atom 
bydrogen,  white  oxalic  .icid  contains  only  •')  atoms  of  oxygvn 
biBM  of  carbon. 
lis  eorrctfpondti  very  well  witli  the  aimlysis  of  Bcrzeliu^t 
rho  found  its  constituents 

Hydrogen         .         .  2-84 

Cubon     .         .         .         .12*40 
Oxygen   .         .         .         64-76 


loo-oot 

'or  thin  is  equivalent  to 

1-Od    iitom  hydrogen 
2-0OI  atoms  carbon 
3         atoms  oxygen 
.1  ciunciding  witli  tlic  thvoreticai  num)>crs.     The  analysb 
Ool>el  agr«««  also  with  tliis  ver)-  ncurly.^:     There  can- 
tbe  least  donlit  thon,  thut  tin*  ntomii*  i-onstitiition  uf  thift 
as  has  been  btalt-d,  and  that  its  atomic  uf'ight  It  4-62ri. 
Formic  add  has  a  considerable  resemblunoc  lo  acetic;  hut 
y  differ  in  some  particularst  particularly  when  combined  with 
Very  dilute  fonuic  add  is  :«iid  to  undergo  spontaneous 
Idrcompodition  tike  vinegar.     Tint  1  have  preserved  for  several 
willMut  any  alteration,  formic  itcid  prcfuired  by  Dobe- 
ner's  proocM,  and  in  a  rather  dilute  slate,  tliotigh  much 
onger  tlian  %-inegar. 

'  Stkvrdggar's  Jour.  Iv.  14.  |  Annsis  of  Phitosophjr,  ix.  lOT- 

nrhnt^ri'i  Jafatfcticb,  ii.  344. 


CUMPOUND  OXYOEK  ACIDS. 


CUV-t. 


HWvjr. 


I 


BECTION  III, OF  MEI.I.ITIC  ACID. 

Tb^re  U  a  mineral  of  a  lioncy-yvllow  colour  which  is  foi 
in  snull  solitary  CTyxtaN  amon^  the  layora  of  vrood-coal  at 
Arten  in  Tliiirin^.     At  first  sight  it  ba^  somo  rcscnili lance  to 
atnber;  but  Werner  recognised  it  im a  peculiar  sub*t«iic4-iil>out 
the  year  1 700,  and  gave  it  the  iianic  of  Ititmif  stein  (hont-y-rildiii*))  ■ 
which  foreign  mine  rat  uirLttN  converted  into  mdlUe,     Tliis  min-  ^ 
era!  w  very  rare.     Hitherto  indeed  it  luvi  hc'«ii  found  only  in 
'i'huriiijiia  and  in  Switzerland.* 

Mcllitc  lias  usually  a  honey-yellow  colour,  but  sometimes  a 
Htraw  yellow.  It  is  alwa)'a  crystaliiaed  in  octahcdruiiM,  hut  they 
are  rarely  entire  :  sometimes  indeed  almost  the  whole  <>f  one  of 
the  pyramids  is  wanting.  Their  surface  is  generally  ^nutotli  and 
brilliunt,  and  interiorly  they  hare  a  glassy  lustre.  Tliey  arofl 
semi  transparent,  brittle,  soft,  and  oswily  reduced  to  powder, 
Wlicn  ]iaui)ded,  they  ns«uinc  a  ycUowislt-^ray  colour.  Their 
specific  gravity  is  about  I'oSO.f  ^^ 

Mineralogists  soon  discovered  tliat  mellite  is  partly  eom- 
hustible;  but  tliev  did  not  agree  about  its  component  parts, 
I>ain]iadiust  and  Ahich^  undertook  its  chemical  anal)'«is  aboutfl 
the  ifflnie  time.  ™ 

But  the  rejiullit  of  llieir  aiialy^eH  dttfcrcd  so  much  from  each 
other,  that  little  confiilciice  coulil  )h-  phiceil  in  eitlier.  Besiiles, 
it  wax  evident  from  the  way  in  wliich  their  experiments  were 
conducted,  tlial  tlie  original  component  parts  of  mellit«  luid  liecii 
altered  by  fire.  Klaproth  analyzetl  itin  179!), andiiKcertiitniNl 
it  to  he  a  compound  of  alumina  and  a  peculiar  acid,  to  wbicli  he 
gave  the  name  of  mettitic.\\  And  tliiH  iinidjstH  was  soon  after 
confirm<.sl  by  Mr.  Vaut^uelin.^  In  the  year  IWJiJ  M.  Wiihieu 
8ubj<^^-l<-<l  tim  acid  to  a  new  examination,  and  lias  lulded  scven^l 
interesting  facts  to  those  whidi  had  been  previously  deter- 
mined.'• 

Hitherto  mellitie  acid  liufl  been  found  only  in  tlie  inellilc.  It 
may  be  procured  from  that  minend  by  the  following  procnis: 
reduce  tJie  im-llite  to  powder,  and  boil  it  in  about  72  liiiHrii  its 
weight  of  n*atcr.  The  acid  camhines  witli  die  water,  and  tins 
alumina  separates  in  flakes.  liy  filtering  the  solution,  and 
evaporating  sutEcieutly,  tlic  mcilitic  acid  ia  obtnined  in  the 


•  Brocliani's  Mincnila(!7,  ''■  '5- 
)  C-it\l'%  Aniiali,  i;<l7,  ij.  ID. 
I  Bcitrage.ni.  114. 
**  Poggcndorf's  Annnlcn,  lii.  395, 


i  KUprolh's  Bcitrage^  Si.  1 15. 

{  Ibid.  p.  1& 

^  Aim.  de  Chini,  nxfi.  SOS. 
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Slate  of  crystaU.  Thu  wta  KUpralh':*  proccsR.  Hut  Wiihlcr 
on  rependng  it  found  thiit  tlic  ini-llit!c  acid  wns  not  fni'  from 
almmna.  He  emplMynl  tb<-  follon-iii|;  process  for  procuring  tltis 
■dill  ill  »  Htiiic-  o(  purity  :  McIHle  reduced  to  a  Ane  powder  WM 
d^cMrd  ill  n  tMliilinn  «f  rarboimip  of  an)lnanii^  anci  die  liquid, 
■Arr  it  Imd  taken  up  uU  tJie  meiliiic  aci<l,  vms  lKiili>d  till  uU  the 
rxocM  of  unmonia  was  driven  olT.  It  «-im  then  filters]  and 
enf>onit<Ml  til)  ihf  mclUte  of  ainmimia  was  obcuinitl  in  cryAtalA. 
TV  pure  crystal*  were  dLwolved  in  wuter  and  prccipituU'<l  by 
SMtato  of  lead.  Tlie  precipitate  being  edulcomtcd  was  mixed 
with  water,  tlirou^b  u-Jiicb  a  nirrcnt  of  sulpbu retted  liydrogcn 
pa  wan  pmBtfil  u*  ilirow  down  ibe  leaiL  'I'be  niellitic  aci<l  dis- 
mlres  in  the  wat<.'r,  and  is  obtained  in  a  state  of  purity  by  61- 
tntion. 

The  liquid  obtained  in  tliLt  way  being  conccnlrat(*d  to  tlie 
(Oadslanoc  of  n  synip  iliil  not  crystallize,  but  by  continuing  tbc 
wiperadini  tlie  acid  remained  beliiml  in  tlie  state  of  a  white 
powder.  Being  dissolved  in  alcoliol  and  left  to  apontaneoits 
m,  the  melJittc  acid  cr\'stallizcd  in  very  line  needles 
ID  the  form  of  stars. 

Meiliiic  add  has  a  rery  sour  taste,  in  not  altero<l  by  exposure  i-roprMM 
to  the  air,  is  very  soluble  in  water  and  aU-nliol,  and  bears  a 
fttUy  li'i^h  (eiii]>t-rut(irv  bttfurp  it  i«  cluirred.  When  Nublimcd 
io  a  gloM  tube  u  crystnlliiie  fusible  matter  h  obtaiued,  wliicli 
fameme»  pectiliar  properties,  and  lias  obta!ne<l  tlie  name  of 
fynmuBitic  acid,  Durinj^  this  gublimatiou  no  kiiu-II  of  cmpy- 
reutnuiie  oil  u  observeit,  as  usually  liappeti.'t  when  orgaiiio 
bodieo  are  «x[ioMd  to  u  temperature  sufficiently  high  to  produce 
rolatUixatioD. 

Sulpbimc  aci<t,  though  in  a  concentrated  slnte,  produces  no 
Iklteratiou  ou  luellitic  acid.  It  ilLsMilvcs  the  acid  by  a  boiling 
heat,  but  DO  alteration  is  produced  in  it»  colour,  and  tlie  sul- 
pkuric  add  may  be  distilled  olt  leaving  the  uiellitic  acid  iinal- 
IbikI. 

Nitric  acid,  own  when  aKMt»leil  by  heal,  neither  dissolves  nor 
alien  mi'llilic  acid.  In  tlits  re»pL-ct  il  bcitrs  a  striking  rvsem- 
Uuee  to  u.ialie  add. 

When  a  soiutiun  of  incilitic  add  in  absolute  alcohol  is 
litiiled  for  some  time,  it  would  Hp])ear  from  the  obscn'ations 
of  Wiihler  that  the  nature  of  the  add  is  ijuite  altered.  W' lieu 
«va]>onU(Hl  to  the  consistence  of  a  syrup  it  bcomne*  dark  brown, 
and  a  sour  lasti'd  mailer  remains  resembling  rc«in,  and  like  it 
iiHolubte  ill  water,  tJiough  it  communicatee  a  sour  taste  to  that 
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ciwp-i-  liquid.  Wltcn  water  is  left  upon  this  matter  for  mmv  time 
white  taateleas  suhsUmce  remains  wliicli  burns  citsil)'  «-lih  flitmo 
like  redn,  leaving  cliarooali  but  yielding  no  Bublimate.  It  is 
scarcely  iwliible  in  b»t  wattir,  but  very  reiuUly  soluble  in  aloo- 
boL  Thi<  soliiticin  rpddcnH  litmus  pnpor.  It  dix»olveii  also 
very  rcfulily  in  liquid  ammonia. 

From  tlie  analysis  of  mcllate  of  alumiiia  by  Wiihler,  ita  con- 
Ktittivnt*  Appear  lo  be 

Mcllitic  acid         .         .        41*4 
Alumina  .         •         14-5 

Wiit«r  .         .         44) 


100-0 

Now  till-*  ia  f  cjuivalent  to 

Molliiic  aciil         .         .         6-424 
Alumina       ,         .         .         '2-23 
Water  .         .         .         6-84'2 

2-25  i«  tlic  u^i^lit  of  an  atom  of  alumina,  6-1^2  is  very  near 
6* 75,  the  wfiglit  of  6  atoms  of  n-atrr,  therefore  6'624  raunt  bo 
very  nejirly  the  weight  of  an  atom  of  mellitic  acid.  M'c  may 
tlierefore  take  G-H  as  aflbrdiiig  a  near  approximation  to  the  true 
Atomic  weight  of  tlti«  ftcid. 

From  the  great  permAnrnce  of  tliis  aciil,  and  its  resemblance 
in  many  particulars  to  oxalic  ucid,  it  w  highly  prolnible  that  like 
that  ncid  it  eonUiiiis  no  hydrogen,  btit  is  a  compound  of  carbon 
and  oxvgen.  Oxalic  acid  Ua  compound  of  '2  atoms  carbon  and 
3  alomA  oxygen.     Is  it  not  probfibk-  tliat  mellitic  acid  in  a  com- 

pOUIKl  of 

2  atoms  carbon         .         .         l.A 
d  atoms  oxygen        ,         .         5 
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This  can  only  be  determined  by  an  analysis  of  mellitic  acU. 
Should  It  turn  out  to  be  free  froni  hydrogen,  it  will  require 
kereafter  to  be  placed  among  the  acids  with  a  simple  base,  and 
next  to  oxalic  acid,  lo  which  it  lias  so  striking  an  analogy. 

'I'Lc  salts  which  this  acid  forms  witli  bases  have  received  llw 
Dame  of  meUata. 


SECTION  IV. OF  TARTARIC  ACID. 

Tartar,  or  cream  of  tartar,  as  it  is  commonly  called,  when  pure, 
h&s  occupied  the  attention  of  chemintH  for  lieveial  centuries. 
Duhamel  and  Orow»e,  an4i  after  them  Margraifatid  Roiielle  the 
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provfd  ihM  it  wwi  composed  of  an  uHH  iinit4>d  ta     cimi. 
pMuli :  but  S(-ho«lc  vm»  tbe  Grat  who  obtainot  tJit*  acid  in  a         ' 
Mfxtrati?  state.     He  communicated  his  iiroectw  for  obtaininff  il 
u>  Ki^uius,  wlio  publi»licd  il  lu  the  Slockhotm  TranMicdonH  for 
1730.   It  coOflistMl  ill  boiling  taitar  witli  chalk,anil  in  dccomgiofr 
tag  tii«  tartrate  of  lime  thua  fuiined  l>y  means  of  sulphuric  acid. 

llir  proctf*!  empluyrd  nt  prc^nt  for  olititintnK  tartaric  ncid,  FnfwtUM 
vUiJi  U  tlic  «aine  «'tth  tlutt  of  Schcele,  w  the  fullowin^ :  d)t»- 
nlre  tartar  in  Irailiog  watOT,  Bad  add  to  tbc  solulioii  potrd^red 
thalk  till  all  cfforrBscenec  ccaMS,  and  tlic  li<|uid  doos  not  red- 
in  regetable  blues.  Let  tlic  litguid  cool,  and  then  \>nsR  it 
Aiwig^  a  filter.  A  (|uantity  of  tartnitc  of  lime  (whtdi  is 
■I  Inaoluble  white  powder)  retiiaitut  upon  tbe  filter.  Put  this 
knnUe,  prtiviously  well  waHh<rd,  into  u  ^biw  cucurbite,  tuid 
ftat  o)i  it  II  (gtuuility  of  sulphuric  iictd  equal  to  tlie  weight  of 
Ae  cfcaJfc  employed,  which  must  be  diluted  with  water.  Allow 
il  to  difCeat  for  12  hours,  slirriag  it  occasioned  ly.  'I'he  hu1> 
|buric  fuiid  didplaces  ike  tartaric;  nulpliate  of  lime  rcnutirui  at 
the  boUom,  wbile  the  tartaric  acid  i-i  dissolved  in  the  litjuiil 
part.  IX-eant  off  thitt  List,  and  try  whether  it  contidns  any 
nlpburie  acid.  Thii  ia  doue  by  <h-opping  in  a  little  aicvlate  of 
UtAi  a  precipitattf  appean,  which  \s  insoluble  in  acetic  acid  if 
•olpluiric  acid  be  prevent,  but  itoluble  if  it  1>c  abseut.  If  sul- 
pliiuic  add  b«  present*  th«  liquid  must  be  dig:ealed  a^in  on 
Mna  more  tartrate  of  lime;  if  not,  it  in  to  be  Nlnwly  orapor- 
■Ud,  and  about  ODC-diird  pitrt  of  tbe  weif^ht  of  the  tarUir  em- 
ployed is  obtniB«d  of  cryMdlixed  tartaric  acid. 

liaM  may  be  substituted  for  cludk  in  this  prDc<-»«.  In  titnt 
ctae  tbe  tleoompoiiition  of  the  tartar  is  complete ;  whernw  l>y 
tfehvelv'H  metiiotl,  the  exoes.i  of  acid  only  cocnbines  with  the 
Qkaik;  but  when  lime  is  iue<l.  the  wh<^e  tartrate  of  lime  by  no 
lacMH  ■eparalL>«.  A  eonsidemhle  portion  U  retained  in  solutiofi 
by  the  potash  of  the  tartar  now  duengaged.  If  the  liquid  be 
tv^Miratrd,  this  portionappean  under  tlie  farm  of  a  transparent 
jelly.  By  expoaure  to  tbo  air  tlic  potash  attracts  carbonic  acid, 
which  unites  to  tbe  lime,  while  tltc  t^irlaric  acid  coinbinea  again 
witli  llie  potash.  To  obtain  tltc  puiasli  in  a  8tal«  of  tolerable 
purity,  the  bcKt  metliod,  aceordiiig  to  VauqueUn,  to  whofo  we 
are  indabtetl  for  these  ob(u>r%'ations,  is  to  evaporate  to  drjtiesi, 
and  heat  tlie  renidue  to  rediii>9i9.  Dy  lixinating  the  ma<is,  the 
potoali  will  be  obtaitiml  tn  a  state  of  considerable  puiity.* 

ITtis  crystals  of  this  aci<l  are  usually  »o  irregular  tlutt  it  is 
*  Ann-  de  Chiin-  xKii-  H7. 
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ililEcuIt  lo  rcrer  tliem  to  aiiy  rrgfular  figure.  M.  Peclet  con- 
siders tliem  (uf  MX-«i(lo<l  {>rtKin«,  four  of  llie  iwlid  angles  or  cdg» 
of  wliidi  arc  of  I'iSt"  aiitl  tlu- oilier  two  of  102°.*  Mr.  BroiAf 
considcni  tlif  primary  form  as  un  oliliquv  rliombic  pristn.  The 
cootiguouB  tu'o  f&cc»  of  the  prism  arv  inclined  to  each  otiier  at 
angles  of  88°  30',  aiid  the  base  of  the  prism  makn  with  riUier 
of  the  lateral  faces  aii  angle  of  HI'  lO'.f  No  cleavage  has 
been  perceived  indicating  the  direction  of  the  primary  laces, 
'"iwi"'  Crystal liJied  (arlariir  itci<l  is  while,  and  very  finn,  anil  i«  (nit 
imperfectly  truiisparctit.  It  may  be  exposed  to  the  nir  for  any 
Ict^b  of  time  without  undergoing  any  change.  Wbcii  heated 
a  few  degrees  above  iVi"  it  melu  and  ri-mnins  limpid  and 
irattfiparent  lilte  water.  At  '2ZW*  it  boih  without  losii^  itN 
tnm^paroucy  or  becoming  coloured.  If  the  boiling  be  continued 
for  n  »>hort  time  only  it  doea  not  lose  above  4  per  eenu  of  its 
weight.  Oil  cooling  it  concrete*  iigaiii  into  u  hard  «emitnuis- 
parcnt  mass,  ver)*  much  n.-Keml)ling  a  quantity  of  white  sugar 
that  has  been  melted  at  llie  >ume  temperature.  By  tills  process ^ 
the  nature  of  the  acid  is  chwi^'d.  It  now  deliquesces  wht 
exposed  to  the  air. 

Boiling  Wiiter  cli.<solve»  twice  its  weight  of  ilii^  add.  Il 
soluble  sJso  in  ulcohoL  A  dilute  aqueous  solution  gmdiuiltj 
tuKle^;oes  spontaneous  solution,  being  cnver<-d  with  a  miicouff ' 
coal;  but  I  liave  kept  a  concentrated  solution  for  years  with* 
out  any  change.  Nitric  acid  converts  tliis  acid  into  oxaliej^l 
while  concentniU-d  sulphuric  iicid  converts  it  into  acetic  acid. 
^CooiiiMiuan,  The  crystals  contain  water  as  a  constituent,  but  no  water  can 
be  driven  off  by  heat.  However,  when  the  acid  U  combined 
witli  a  base,  espcctidly  with  oxide  of  lend,  and  tlie  salt  is  healed, 
tlie  water  is  driven  off,  and  nothing  remams  but  the  anhydroufl 
acid  united  to  the  oxide  of  lead.  In  this  way  Beraelius  dete 
lutuctl  the  composition  of  the  crystals  to  be 

Anliydrous  acid         .         .         88*15 
Water     .         .         .         .         11-85 
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Sow,  if  we  consuler  the  water  m  equtvnloiit  to  one  atom,  wc 
•fatain  for  tlie  atomic  weight  of  tartaric  aei(l8'36S.  For  Il-f45is 
tBe»13iHi  MS5  to  i^-QG*^  Now,  the  result  of  the  analysU  (if 
tUi  add  by  Bcnceliiw  u  a»  follows : 

Otfboii  36-8(>60  or  4-07    atoms  eat^n 

Oxygen        60-1895  or  5         atoms  oxygen 
Hydrogen       3-0045  or  I'OOG  atoms  hydrogen 


Cluil. 

OtT.U. 
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TUl  comM  vt-rj'  n<-ar  4  utoms  carbon,  5  atom*  oxygen,  and  2 
tfMM  hydrugcii,  which  is  the  constitution  of  this  acid  according 
t»  ike  uialysH  of  Prout.  Hence  its  atomic  we^ht  is  8-25. 
I  Iwre  shown  in  my  '>  First  Principles"  (p.  1 1')),  by  a  set  of 
aperimeiits  which  I  consider  as  decisive,  that  the  true  atomic 
■vighl  of  tartaric  acid  is  6*25,  and  lliat  it  is  a  oompoinid  of 

4  ntoms  carbon  ,         ,         3 

6  utoni«  oxygen  .         5 

3  Atoms  hydrogen       .         .         0-S5 

8-25* 

The  comhtnaltoiu)  i>f  ihtM  aci<l  with  liases  bai'e  received  tlic 
HMBc  nf  larinUt*.  Kike  oxalic  acid  it  him  a  tendency  to  unite 
la  many  bftoett  in  luo  pnijiorlions.  Tartaric  acid  i^  nomvtimos 
iMcd  in  medicine  chii-fly  in  the  iftate  of  «altit.  But  it«  great 
■H  Is  by  the  oil ieo-prin tent,  who  thicken  il  with  gum  or  rousted 
Ittn^  and  apply  tt  to  those  parts  of  a  piece  of  calico  previously 
dyed  red  or  blue  as  are  tobe  n-niicred  colourless  by  means  of  e/ito- 
ridf  of  lime,  or  bleaching  powder.  'I"ho  tartaric  acid  combining 
with  the  line  aets  the  clilonne  at  liberty,  which  immediately 
devtreys  the  colour  of  the  part  of  the  cloth  on  which  the  thickened 
add  kiM  been  fixed.  For  thiH  purpose  chiefly  it '»  miinnfactnred 
ia  litis  ooantr)'  in  greiit  abundtirice,  and  xoM  at  a  very  low  price. 

Tartaric  acid  has  a  grejit  teiulency  to  combine  at  once  with 
IVM  bases  nnd  fonn  double  talbt.  In  conHOfgucnn;  of  tins  pro- 
perty ir  ]>revents  antimony  from  being  prtreipitnled  as  it  usually 
•  by  water,  and  even  hiiHlersulludinc  bodies  from  precipitating 
Mhuion*  of  the  metal  in  acdds  u«  they  uitiially  do. 


*  llerMlIn*  haa  reccMly  itdiniiicd  ttiia  atomk  conntiiutiAa  of  the  acid. 
lb  bnacr  mmbtn  w«r«  ♦  C  +  4  O  +  «*  H.  He  \m%  ■.ho«ii  ihni  inr- 
mneof  hMbaaMnpCtnulof  eVTMl  okuIc  nf  IcaJ,  and  '^~-iM'i  tnriaric 
S«e  Pbogmlorf 'a  AimbIw,  xis.  30U. 
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8ECTIOV  V. — OF  VIKIC  ACID. 


Tlte  Ubtory  of  tlie  aciil  (o  wtiick  I  ^vc  thi§  name  is  as  foU 
lorn:  A  maker  of  tartaric  add  M  'I'bann,  a  siunll  town  in 
WMgOUt  observed  mouiv  ycarKiign,  ilintaloii^  witli  llie  common 
acfd  he  olitBiiu-d  portiuns  of  unothi-r,  whuli  wm  h-^  solubK-  in 
water  tban  tartaric.  He  considered  it  us  oxalic,  and  oodca- 
voured  to  introduce  it  into  commerce  luider  that  name.  It  was 
first  sutyected  to  an  examination  by  Dr.  John,  who  Nhowed  in 
1819  tlmt  it  is  a  pi'diliar  iicid.*  (iay-Lii^sac  and  \Valelin«r 
coufirmed  tliese  resultK  in  Iy2e.f  M,  Ke»Uier,  a  very  ingv- 
niouH  maiiu&cliircr  of  Hutphnric  uid,  in  AWce,  was  kind 
pnou^li  to  prcet-nt  mu  with  a  specimen  of  tJiis  aciil  in  lt^27i 
which  cuubled  me  to  verify  tlie  resultn  of  Ciay-Luiisae,  and  to 
determine  the  atomic  weight  of  thk  acitt,  aitd  a  fe«'  of  the  salt9 
which  it  fomu  with  bawtu  Diirin^  (h^-  C(iHr>«  of  tlie  J^ummor 
of  I  imo,  the  naturir  of  thi»  acid  occupied  tlic  Htlcniiori  of  Ber- 
7.eliu»,  lu  appears  by  a  notice  in  Brewster's  Jounial4  ■ 

Guy-I.ii^sac  informs  us,  that  during  a  journey  through  the 
department  of  the  Voiges,  in  company  ^t'ith  Dareet,  they  >'i!iiie<l 
a  manufactory  in  whicli  tartaric  acid  wa^  made  by  decomjKiHin^ 
tartrate  of  lime  by  mciuiv  of  sidjjhuric  acid)  iin<l  that  the  nuinu- 
fiu;turcr  put  into  tiis  hands  a  c|Uiuilily  of  aci*!  crystal-*  obtained 
<luriii|;  hi:!  processes,  apparently  ditferent  froin  the  crysialtt  of 
tartaric  acid. 

The  crystals  of  thiiin«w  acid,  aa  1  received  them,  were  largo  t 

Utit  b;id  bi-rn  ho  much  injured  by  shaking  in  a  phiali^B 
that  it  wa^  impowiblc  to  make  out  the  tthape.     Oa^H 
diseoking  them  in  water,  and  cTjstallistiiig  a  second 
time.  I  obtained  doubly  ul>lique  fuui^nidei!  priMOh 
having  one  of  the  edges  rcplacct)  by  ihi-  narrow 
£tcc  a.    P  was  inclined  upon  M  or  M'  at  about  7&% 
and  M  wiw  inclined  to  M'  at  about  69°,  ateusurtd 
hy  a  common  goniometer. 
Tltespficificgwu-iiyofthccrytttalMwas  1-600  at  (>0°.    It  lias  no 
Hmetl,  diswlves  reaiUly  in  water,  law  a  very  »our  taste,  and  red- 
dens strongly  vegetable  blue  colours.    Al  tb(^  common  tempera- 
iBreof  Ihcutimwpherc,  the  crystals  of  this  acid  re*juire  6-7  limes 
their  weight  of  water  to  dissolve  them  ucconiing  (o  Walchner. 
When  vinic  add,  saturated  witli  a  base,  is  mixed  with  a  solu- 

•  Haixiwonctbai-li  dcr  Chemie,  iv.  liA.  jfl 

t  SLliBcigger's  Juhdwch,  x>iil.  3Ht,  and  xis.  238.  rW 

I  Btewter"*  Jouraal  (new  series),  m.  aWj  nbo  in  fofBCiidofTs  Aoo- 
xiz.  319. 
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tjon  of  moriate  oT  lime,  a  while  precipitate  fulU,  wliJch  is  not 
witli  tartaric  aciil.     Hut  lilte  tartaric  adil  it  forms  a . 
eryitiiJUiiv  previpitaK-  wbcit  <lropt  iit  excv^s  into  a  solu- 
^tioB  of  potuh  or  ila  rjirhonalc. 

^K  ^\llrn  kcatiMl  with  deutoxido  of  mangntifsc  and  sulphuric 
^HkU.  it  Kivvs  out  much  carbouic  acid  ami  Home  acetic  acid,  hut 
^■M  formic  acid  iieet».4  u>  \>v  formed.  When  healed  tt  bum.'*, 
^^^  tf  (Ihtilleil  it  ^vi-4  out  much  acidulous  water,  iuu)  leavra  n 
Vight  bulky  coot. 

Gi^LAmw!  atatmtlieiitoinic  wfi^htof  tlii^  add  lobe  almost  c<miiniuaa 

A*  mme  ivs  lliul  of  Lirturic  acid.     And  Ik'ncliuv  stMcn  tliat  it 

b  fxactly  die  same.     I  aDalyr.ed  the  viiiat«  of  lime,  wliicb  is  a 

wUtc  taaoluMe  powder,  and  fnund  ita  constituents 

1  atnu)  viuic  acid  .  8rli 

I  atom  lime         .         .         .  8*5 

9  alAmi  water  .         .  3-35 
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TU*  mniU  wm  eomihoratiMl  by  un  aiinly^is  of  vlnutv  of  Icod^ 
•Im  a  wltilr  insoluble  powder,  whidi  1  fouitd  composed  of 
I  utom  vintc  scid  .         ,  B-Q 

1  atom  oxide  of  lead         .         .         14 
1  alOBi  water  I'lSd 


mmr. 


Jiiig  to  tlieM  analysCN  the  atomic  weig;lit  of  thii  actd  is 

'litis  '»  a  little  hifriicr  than  the  atomic  weight  of  lurtariA 

lit  ON  I  did  lurt  make  a  rii^itl  v«ra|mri!uiii  bi-twit'ii  tlie  two 

I  do  not  curisidnr  my  nnulyiws  un  Nulficicntly  rifpd  to  settle 

ptmiL     Bt-iui;  Ifcnor^nt  of  tlie  iiuml>i;r  wJiidi  Ik-rxelius  has 

pt«-d  fur  tJie  Momie  weight  of  tarbtric  neiil,  I  cjiiiiiot  judge 

iMTJir  my  determiiuitton  comes  to  that  of  Hvrzcllus, 

luutid  the  cryalala  of  viuic  add  cum[iosed  of 

1  aturo  acid  .         .  t^o 

2  alum*  watur         .         .  S-35 


10-75 


they  differ  in  their  coui  portion  from  tlie  cryatnlR  of  tar- 
acid. 
Should  the  atomic  weight  of  thl«  ucid  turn  out  the  same  as 
1  of  tartaric  aciiil,  we  will  be  obliged  to  conclude  that  the  atoms 
rhicb  botli  are  compoeicd  are  the  same.    Tht-y  would  then  l>e 
ia  tlw  tame  predicament  as  phosphoric  and  pyroplioephorlc  ucid. 
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SECTION  VI. — or  PYHOTAnTARIC  ACID, 


Tli«  salt  called  tartar  svpumtei*  from  wine  white  in  the  cask, 
un<l  is  fifteru'ards  puriiivd  by  solution  in  water  juiil  subKCquenl 
f%'aporali»ii.     This  salt  occupied  tlio  attention  of  cbrinists  very 
much  from  the  time  of  pDnicclsuH.  nlio  first  brought  ii  into 
vogue.     It  was  considered  m  un  acid  sdt  of  n  peculiar  nature. 
Tlic  potiLsli  which  coniilitutes  its  biisc  wns  easily  discovered  by 
Bubjectin^  tin-  salt  tii  combustion.      But  the  efforts  of  chemiBts 
to  obtain  the  iicid  which  it  manifestly  contained  were  long 
iinsuccessfuL     AVlieii  tartnr  was  dUlilled  in  a  retort,  an  acidu* 
lou»  liiitiid  yras  obtained;  but  it  wiu  munifcMtly  ditferent  from 
tlic  acid  in  tartar,  as  tartar  was  not  formed  when  it  wii»  united 
to  potash.     At  last  in  1770,  Sclteele  discovered  a  procetui  by-_ 
which  pure  tartaric  acid  could  be  obtained  from  tartar.     '^^H 
propcrtiri*  beini^  manifestly  different  from  that  of  tlie  acid 
obtained  by  distilling  tartar,  a»  fur  ns  could  be  collected  from 
the  rude  experiments  of  the  Dijon  Academicians,*  the  French 
chemlita  when  they  contrived  the  new  chemical  nomenclatniV 
distinguished  lliem  by  the  iiamei^  oi tdrltmniji  ami //yratarttrnMU 
acidu;  which  were  aflerwards  eluinged  into  thowe  at  tartaric 
and  ]>!frt}fartarirac'iA)i.-\     In  the  year  1791*  a  set  of  ex)HTiiiienls 
was  published  by    l-'onrcroy  and  Vauqueliii   un  pt/rwtiwout, 
pyrotartttroKf,  pyrttti'jnou*  acids,  the  object  of  which  wu  to 
prove,  that  tlio§e  aeiih  are  merely  the  acetic  disguised  by  some 
empyreumatic  oil,  with  which  it  has  combined.J     This  conclu- 
xioii  appears  to  bavo  been  accpiiesced  in  by  chemists  without 
examiniition ;  tliough  the  proofs  a«  far  lu  regards  the  pyrotar- 
laric  acid  are  lar  from  sati^foctory;  till  Gehlen  called  it  in 
cgucstion  in  iHOfi,  alBmiing  llial  pyrotartaric  acid  diffeni  esseii- 
lially  from  acctie>  and  otnliii)^  some  chaiBcters  by  which  they 
could  be  euidly  distingtuslied.^     Tlils  induced  Fourcroy  and 
Vauquelin  to  repeat  tlieir  experiments  in  1B07.||     The  result 
was  a  full  coiilirmatiun  of  the  opinion  of  Gehlen. 

Pyrotartaric  acid  may  lie  obtained  by  tite  following  process: 
Distil  a  quantity  of  tartar  in  a  retort,     Saturate  tlie  acid  liquid 


*  Elcmcnifl  dv  Chjtnie  ile  I'ArRileinie  de  Dijon,  iii.  AA. 

t  It  HOB  Morvouu,  io  ilio  ftr»t  vohimc  or  tbc  cheiuicol  port  of  the  Ency> 
clopardio  Mclhodiijiic,  pulilUhcd  in  l~b(>,  that  Tint  drew  the  nllcnlfun  ul' 
chemlsu  lo  pynitorlaric  acid,  nnd  endeavoured  to  climactcriic  it  na  n  |ici,'iiliur 
add.  His  charoctcf*  were  inoccLirsic,  becauM  hehutneicrohioincdit  in  n 
■(Bte  of  purity. 

I  Ann.  dc  Chini.  xxxt.  101.  $  Ibid.  Ix.  19.  )  IbiJ.  Ixiv.  4 
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tlie  receiver  with  potasli,  8e))aratc  the  gall  liv  cry«l»lli£nLion, 

Mai  purify  it  by  repeated  solutions  an<l  cryKtiiUi»itiati».     Mix 

tkia  nit  M-itb  diluted  sulphuric  acid,  nnd  distil  in  u  retort.     An 

idd  liiiuid  passes  over,  aiul  towards  the  end  of  the  proccM  a 

rhitc  sublimate  risen  and  attavheit  itself  in  soiles  to  the  lo]i  of 

Ite  retorL     Tlua  sublimate  n  pjfrolarlanc  add.     When  tlie 

liquor  in  the  receiver  is  subjected  to  spontaneous  evupo* 

it  depflAilea  cryitiilH  of  pyr<>bir|jiric  acid. 

The  taste  of  pyrolartaric  acid  it  extremely  acid.     When  '"n^nn*. 

it  melts,  and  8ublinii.ii  in  a  white  smoke,  without  leaving 

residue-.     It  diMolres  readily  in  water,  und  crystallizes 

.  wfarn  «ubjectcd  tu  sponlaneotts  evapornlioii.     It  do«-N  not 

lipilnle  acetate  of  lead  nor  nitrate  of  silver ;  but  it  prccipi* 

nitnte  of  mercury.     Some  time  after  it  l«w  been  mixed 

?tate  of  lead,  ncedlefonn  crystjds  make  their  appi'arance. 

V^en  combined  in  exceM  witli  |M>tjMli,  no  salt  similar  to 

w  formed.     In  this  state  it  instiuirly  forms  a  [irecijutale 

dropped  into  acetate  of  lead.     PjTolartratc  of  [wtnidi  i>* 

dable  in  alcoliol.     It  doiM  not  precipitate  tbe  salts  of  barytc* 

I  lime,  a.s  tartrate  of  potjuli  doct.* 


HECTION  Vir. — AF  CITIirC  ACII>. 

Chemists  have  iilwayn  cutnidered  tlie  juice  of  oran^s  And  "^''^• 
IroDona  as  an  acid.  This  juicecontuinsaiiuantity  of  mucilage 
and  water,  which  renders  ihe  iicid  impure,  and  subject  to  spon- 
tMWomdeoompoNition.  Mr.  Gcurgi  took  the  tullowiriir  method 
to  separate  the  miiciluj^ :  lie  filled  a  bottle  entirely  with 
leawih-juice,  corked  it,  and  placed  it  in  a  cclhir :  in  four  years 
(ke  Li(|uid  wa*  become  as  limpid  as  water,  a  quantity  of  muci- 
lag«  kid  bllcn  to  the  bottom  in  ibe  form  of  flakes  and  a  thick 
cnut  had  formed  under  (he  cork.  He  exposcil  this  acid  to  a 
ooU  uf  '23",  which  froze  a  great  part  of  the  water,  and  left 
brUnd  a  strong  and  prelly  pure  aci<l.f  It  wat  Scheele,  how- 
ever, that  tirst  pointed  out  a  inethotl  of  obtaining  lliiw  acid 
perfedly  pure,  and  who  demoiutrated  that  it  {mmmwcs  peculiar 
propertiet. 

His  proccM,  which  is  still  followed,  is  this :  Saturate  lemon 
juice,  while  boiliny;,  with  powdered  chalk.  A  white  powder 
blhi  to  tlie  iwtlom,  which  is  lime  combined  wltli  citric  acid. 
S«pamt«  lilts  powder,  and  wasli  il  with  wann  water  (ill  tlie 
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*^^i^  *■  Witter  postefl  off  otiluurle^s.  llii>n  pour  upon  it  «»  much  sid- 
phnrif  at'iil  Ua  will  Kuliinik-  tin.'  clialk  ein|tloyc(t,  burln^  pre*-i- 
ously  diluted  it  vt-itli  six  titnc<>  ils  wi'iglit  of  vtaicr.  Iloil  Uie 
mixture  for  some  ID iiiulea,  au<l  juass  it  tltrougli  a  filter  to  separaufl 
tlie  Miiljiliate  of  lime,  Tlie  liijuid  It  tlieii  to  l>e  ev.ijtuniteii  to 
the  consixtc-iico  uf  a  »ynip,  tuul  m-l  nsidv  to  cooL  A  oumb<.-r  of 
crystals  form  in  it :  thctic nre  citric  atid*  fl 

Mr.  Sclieeic  advimn  tie  use  of  an  exoess  of  sulphuric  acid" 
in  order  to  ensure  the  separation  of  all  Uie  lime  ;  but  according 
to  Dice,  tliiH  excess  U  necessary  fur  aiiotlier  purpose.f     -^fl 
qiiniitily  of  mucilage,  Iio  tliinkit,  trtili  ndlu-res  to  the  t-itric  acid™ 
ill  its  coinI)i nation  with  lime,  luid  sulphuric  ucid  i^  ncc<>»utry  to 
decompuM-  this  miicihifjpe. 

Frou^t,  who  published  a  memoir  on  the  prc))amtion  of  citric 
acid  in  the  Jouniul  de  Physique  for  I8QI4  '^as  shown  that  when 
too  much  sulphuric  acid  is  employed,  it  acta  upon  the  citric  acti), 
chura  il,  nn<l  prevents  it  from  crystal lixing.  This  error  is 
remedied  by  ad<litig  a  little  chalk,  'i'his  clicmUt  funnd,  that 
funr  partri  of  chidk  require  for  saturation  94  purlM  of  lemon  juice. 
The  citrate  of  lime  obtained  amounted  to  7^  parts.  I'o  decom- 
pose thL4,20  parU  of  sulphuric  acid,  of  the  speciiie  gravity  1*1^ 
Vfetv  iicccssiiry, 

TbccrystHlsof  tliia  acid  are  of  a  very  irregular  lijTure.  They 
are  prisms  of  6,  8,  or  10  jtidet*,  termiiiutcd  at  eitlier  cxtrcmily 
by  an  indefinite  number  of  face«.  Mr.  Brooke  hue  eliuwii  iJiat 
the  primary  form  is  a  rtjfht  rhombic  prism,  whose  Jaces  make 
mngles  of  101"  fltCj  Tbcy  are  not  altered  by  exposure  to  the 
■ir.  'i"heir  specific  gravity  is  1-6 17.  Their  taste  is  exceed- 
ingly acid,  and  even  excites  pain ;  but  when  the  acid  is  pro- 
perly diluted  with  wat*'r,  the  acidity  is  plcuwinl,  Tliese  erys- 
luls  contain  combined  water ;  and,  therefore,  are  in  the  slate  of 
n  hydrate.  Accordiug  to  the  aualysis  of  Ucrxclius,  |j  tlicy  are 
cQinposed  of 

Real  acid 
\\ater 
I  have  sliown  tliat  they  eomiat  of 
1  atom  acid 
3  atoms  water 
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arjiic  ACID. 


TU*  vrnter  eannol  b«  drivon  oS  by  kcat.  V' Iimi  their  lem- 
ptnuurc  U  raised  they  melt  BTid  (hen  biNwrne  yellow  or  browii,  . 
nd  form  n  tJiick  syrup  which  ciiniurt  f>e  cr.-6talli]!e<t.  100  parts 
«f  tfie  arid,  when  kcpi  nt  Huch  a  tcmpeRitiirt^  tn  to  be  rc<luc«l 
lo  the  stnt*  of  a  whitir  puw<lvr  without  utKlcr^)it|r  <lccomp<MU- 
liaa,  loM  iihtNtt  7  per  cent,  at  water.  This  ajvjjiruiches  to  the 
thtnt  pan  of  the  whole  water  contained  in  the  ncitl.  ln<lcc<l  1 
lure  detf  mtined  by  actiinl  experiment,  llint  the  loss  of  weig;ht 
i»  jwst  une-thini  of  the  water.* 

Citric  acid  is  exceedingly  soluble  in  witter.  According  to 
Vuiqiielin,  100  part*  of  it  rrqiiirc  only  75  parts  of  water. 
Bailiufr  u-Mter  dLs»»Iircs  tma'  iu  weight  of  it.f  'I'hiti  Mtlutioii 
nty  be  kept  n  lon^  time  in  close  vefneU ;  howe\-er,  it  at  last 
jNtrefies,  and  ts  decom]>ased. 

Neither  oxygen  gas  dot  tlie  sirople  combustibles  or  inoom- 
boMUiln  produce  any  effect  upon  it  It  is  capable  of  oxtdiKing 
bin,  dnc.  tin.  It  docs  not  act  upon  gold,  silver,  plutiuuio, 
Btreory.  bismuth.  Dntimonvi  artcnic 

It  eontbinei*  witli  alkalies,  eartlis,  and  metallic  oxides,  and 
(onut  m\m  known  by  tlie  name  of  citratm. 
The  action  of  none  -of  the  acids  on  it  Imx  been  examined,  if 
except  tliat  uf  the  sulphuric  and  nitric.  Sulphuric  acid, 
•a  eoncentnitod,  converts  it  into  neeticacid.^  Scheele  said 
ilbat  be  couhl  not  convert  it  into  oxalic  acid  by  means  of  nitric 
■i  he  had  doiie  several  other  iwidsi  bill  Westruinbafflmw, 
tliio  conversion  ma)'  be  •.'tTvch^'d ;  ai>d  thinks  tluil  Scbeela 
had  prubiihly  failed  from  huving  used  too  large  a  qoantity  of 
ilrie  acid,  by  which  he  h-id  proceeded  beyond  tlie  ronveraion 
oxalic  and,  and  Wt  cliiinged  the  ritric  ai:id  into  vinegar; 
In  support  ul'  hi<  opinion,  he  quotes  hi«  own  experiments; 
which  it  a|i|ioarc<l  ibiit,  by  treating  tiO  grains  of  citric  acid 
jih  ditTerent  quniititic«  of  nitric  ncid,  his  products  wen*  very 
n-ni.  'Iliiu  will)  200  grains  of  nitric  aclt)  he  got  :)0  grains 
of  oxalic  acid;  will)  300  grains  of  nitric  acid  he  obtained  only 
15  gniint  of  the  oxalic  add ;  and  with  (300  gmins  of  nitric  acid 
BO  VMtifrB  appeared  of  the  o-xalic  acid.  (>n  distilling  tJiepro- 
doeta  of  these  experiments,  v^peciaUy  of  the  hwt,  he  obtained 
irfaiegar  mixed  with  nitric  acid.  The  experttneata  of  West- 
have  been  confirmed  by  Fourcroy  and  Vaiupiolin  ;  who, 
dtrio  acid  with  a  great  quantity  of  nitric  acid,  oon- 
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rOMPOL'ND  OXVr.E>J  ACIDS. 

verleii  it  into  oxalic  nn<l  ncotic  aci(U.     TLc  proportion  of  i]ie 
lirtl  viw  iniiclt  smaller  than  that  uf  tliv  spcoi)d. 
CMDiiuKtu.      According  to  tlic  atinlysis  of  Ucntvliiis  (corn.*«te<i  a  Utile  l»jr 
tbcorctic  views),  citric  aciti  is  comjioscd  of 

Hydrogen         .         .         .  3-42 

CarboD  .        .        ,         41-84 


Oxygen 


64-74 


This 

is  equivalent 
2  atom  It 
4  iitoiDs 

to 

liydrogcii 

cnrbot) 

100-00* 

0-25 
3 

4  atoms 

oxygen 

4 
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Now  as  tliesc  atoms  give  u»  liie  true  ntoinic  weight  of  citric 
add,  there  cnn  be  no  dotiht  tliat  Uie  rcNiilt  jtist  given  repre^nts 
the  true  atomic  composition  of  tliis  acid.  My  own  analytical 
results,  80  iar  as  tlicy  go,  coincide  witli  thowc  of  UcReliiis.f 


8KCT10N  VIII. — OF  PVHOCITBIC  AC1I>. 
UMoiy.  This  acid  was  (Uscovered  by  M.  LasMiigne,!  to  whom  we  arc 

indehte<l  fur  all  thi-  facts  ri'ii]>ei.-tiiig  it  hitliiTtci  atcertaiiied. 

When  citric  acid  is  distilled  in  a  glow  retort  it  fuses,  water 
passes  over,  it  then  becomes  yollow,  and  tite  colour  deepens 
more  and  more,  while  n  white  vapour  passes  over  and  condenses 
in  the  receiver.  The  product  of  the  distillation  is  a  colourless 
litjitid  swimming  uppermost,  and  an  amber-coloured  oily  liquid 
at  the  bottom  of  the  receiver.  The  watery  liquid  lias  an  acid 
taste,  and  the  amber  liquid  eonl.-tin.t  a  goo<l  deal  of  acid  which 
it  gives  out  to  water.  To  ohtain  tlie  acid  contained  in  tlie 
liquid  by  saturating  it  with  lime,  imd  cvaponiling  the  liquid, 
a  .solid  salt  was  ohtained,  which  divtolved  in  wiitcr,  atxA  gave 
no  Hnicll  of  »i*ctic  lu-td  when  rrenti-d  with  sulphuric  acid. 

I'wo  mvtiiuds  of  separating  the  pyrodtric  acid  from  the  lim« 
wore  taken :  I.  I'he  lime  wan  thrown  down  by  oxalic  scid ;  2. 
The  pyrocitiate  of  lime  was  decomposed  by  acetate  of  lead. 
An  insoluble  precipitate  of  pyrocitrate  of  lead  fell,  which  ivas 
washed  and  decomposed  by  sulphuretted  hydrogen  gas. 
rt^aUM.         Pyrocitric  add  thus  obtaineil  h  white,  without  smell,  liavtng 
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nacM  niid  sUgltUy  bilteriab  taste,  and  not  eaoily  reclucod  to 
rrgular  crystals,  and  nasaming  usually  the  state  ofa  wliiir  miisti, 
rampcMed  of  fine  iiee<lleii  interlaced  Icf^tlier, 

W'lirti  thrown  upon  »  lioi  boily  it  melti*,  aitd  is  converted 
into  white  acrid  rapoiir*,  Icaring  u  tntcv  of  coal.  Distilled  in 
■  retort  it  gives  off  a  yi-llow-ish  suur-Uuted  oil,  and  is  partly 
■koompofied.  It  is  rery  nolithli-  in  idculiol ;  and  n'ater  at  tli«! 
kmp<-rature  of  iSO°,  dissolm  the  third  of  its  weight  nf  it. 

ItH  iu|ueo(u  solution  reddens  litmus  paper.     It  ncitlier  pre- 
cipitates limi>- water,  nor  harytea-water,  nor  any  of  th«  metallic 
nlutions  Irit^d,  except  aeetitle  of  lead  and  nitrate  of  nicreiiry. 
IrViih  thf  different  bases  it  forms  siilt^  which  hav«-  received 
the  name  o(  pj/rocilralen. 

\  iMniimif  amureN  un  tlwt  it^i  vtitnniiing  power  u  prociKclv  Ainaic 
that  of  citric  aad.    But  from  the  diffi-reitt  itnalysi'ft  of  the  pyru- 
dttues  which  he  bus  ^veii,  it  is  difficult  to  come  to  any  coii- 
doiiotu     The  pyrocitnilc  of  horytcs  he  found  coinpmed  of 
Pyrociiric  acid  .         7-43 

Oarytes  .         .         9*& 

The  pyroc-itnUe  of  lead  of 

Pyrucitric  acid  .         7*01 

Oxide  of  lc«d  .        14 

While  tlte  pyrocitrate  of  lime  was  composed  of 
Pyrocitric  acid  .         6-8 

Lime  .         .         .'J-S* 

These  three  salts  give  us  7-43,  7-01,  6-8,  for  tlie  atomic  we^e 
of  tartaric  acid ;  the  mean  of  which  ut  7*08,  which  is  below 
I  tJie  atonic  weight  of  citric  add.     If  we  wen-  to  leave  out  llie 
jwialyus  of  pyrocitnite  of  lime  as  uncertain,  the  mean  of  the 
[other  two  would  give  u*  7-'2'i  for  the  atomic  weight  of  this  acid, 
a  mult  very  near  tliat  of  citric  uctd.     lint  Lussaigne  analyzcil 
it  liy  heatiDg  pyrodtnte  of  Icud  witit  bhick  oxide  of  copper, 
\  and  obtained  for  its  couHtituenta, 

Hydrogen  .         .  9 

CatboD  .         47-5 

Oxygen  .         .         43-S 
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NvlMJlfe  f  KmlleAt  nuinl)er  of  atoms  which  would  corretpond 
wiUi  the  CviulitiieuM  ui  these  proportions  is, 

1     ttlout  hy<lro^cii  ,  ,  0*195 


7p  iitums  ctirbua 
5   atoms  ox^gco 


d-625 
5 


»0'75 

Tliw  n'otilil  mnkc  tin*  ntomic  w-el^ht  of  iJie  aci«l  10-75,  a  aata- 

Wr  qvilr  at  variaiico  witli  thut  resulting  iVom  Cie  Mtalysis  of  the 

tpyiocitratea.    It  is  obvious  from  this  thut  some  of  these  rMiilts 

I  JHwivurai*,  ami  that  new  roscarchcs  are  netrssary  l>efore  we 

jUMuiy  acvtirntL'  know-Uslf^i;  vilh<.T  of  the  atomic  weight 

or  atomic  coMtitiiotitJi  of  thi»  acid. 
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SECTION  IX.— OP  MALIC  ACID. 

'HiU  aci<\,  which  wm  diiwovcred  by  Schc«l«  In  17S4, 
recQivcd  tli«  name  of  mnlic  acid,  becauso  it  may  be  obtaiucd  in 
abundmici;  from  the  jittrc  of  apples,  in  which  it  exists  ready 
formed.    Schi-cle  hn»  given  us  the  following  process  fur  oxtract- 
iiig  it :   Saturate  the  juici*  of  apples  witli  potash,  aiid  add  to  tlic 
solutiou  acctaie  of  lead  till  no  jnore  precipiUttiou  ensues.  Wtuli 
the  precipitate  carefully  with  a  HufRcient  qtiaitttty  of  water ; 
l)iei)  {H>ur  upon  it  diluted  sulphuric  ucki  till  lite  mixture  hua  a 
I  perfectly  acid  taste,  without  any  of  lliat  twecUieKt  which  is  m 
I  perceptible  as  long  as  aiiy  k-ad  remaiiiH  dlsitolved  in  it ;  then  ■ 
tfepoiute  the  sulphate  of  lead,  which  luw  precipitated,  by  filtr»* 
ti.00,  and  there  reinaiiiK  Whind  malic  acid.* 

M.  !tracoiini>t  lina  idtuwu  that  when  malic  acid  is  obtained  by 
;  Ibis  procesN  of  Schcele,  it  is  contaniinatnl  with  a  mucilaginous 
mPei'*  iaiennedittte  between  sugar  luid  gum,  which  masics  all 

^-^VauifUeliii  oscertoiDed  that  it  may  bccxtrscted,  witli  greater 
kad^antage,  from  the  juice  of  the aempe/vivvm  twlomm,  orcoro- 
rmoii  house-leek,  where  it  exists  abundantly,  oombiiiiil  witli 
lime.  The  process  which  he  fiiiin<I  to  answer  best  is  the  follow- 
ii^:  To  tlie  juice  of  the  hoii-se-leek  add  acetate  of  lead  as  long 
OS  any  pn-cipiiuie  tuke>4  place.  Vudi  the  )irecipitate,  lutd 
d<:eompu«e  ii  by  moaiM  of  dihtted  sulphuric  acid  in  the  manner 
directixl  by  Schcelc.J 

Gay-Lussac  lin»  shown  thut  when  malic  acJd  is  obtained  in 

•  Svodwli  Tram,  mid  Crc1l'»  Aiiniiki  l<ir  178^ 
t  Ann.  de  (^im.  ct  de  Plij-s.  tUi.  149. 
«|  llad.)ixxK.  187. 
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Itis  wny,  it  still  rptaiiM  »  (|tiantity  of  timi-t  from-whidi  it  may 
b*  freed  by  e%-iiponitinp;  it  to  the  ocMiBtstence  of  a  sSTup^'iiiKl 
mixing  it  uitli  iilroJiul.  Malate  of  lime  Is  precipiiuU-il,  iiiiil  lli« 
Bilic  tund  imuiitu  liiiisoUed  in  the  alcohol.*  Uui  du*  aciil  ovt-n 
vhcn  ibiH  ]>tiriA<-<i,  rt'tnins  the  mucilagiitfluit  matt«r  with  wbicb 
it  u  contaruiiiutccl  when  extracti^i  fruoi  llw  jiiiou  of  appleit  as 
Bncooiiut  has  shown. t 

In  the  year  1813,  Mr.  IXnmrjui  iimtniincvcl  the  existence  of  i''"!"""' 
a  new  scid  in  tlic  expiewcd  jiiicv  of  the  berries  of  tJie  pjfrut 
WKvparia,  to  which  \\e  gave  the  natne  of  aorhic  acid.     Hit 
metbDcl  of  ])r(K-uring  this  acid  was  the  followii)g : 

Tbo  tH-rricH  arc  to  be  collected  when  fiiUy  rijte.     They  an 
m  br  first  bruised  in  a  mortar,  and  tlien  sttueexed  in  a  linen  Ita^'. 
They  yield  uearty  h;4lf  thdir  wcii^ht  of  juice  of  llio  i>]>cciil« 
gravity  1-077.     'I1tt«  jiiicv  is  to  be  stniiiie^l  <uh1  mixed  with  a 
fillrred  mltitiwn  of  acetate  of  lead.   Separate  Uie  precipitate  on 
I  ■  &har,  and  wash  it  with  cold  water.    A  targe  qimntily  of  boil- 
'bg  water  ia  then  lo  be  poured  upon  liic  HIter,  luid  uilowe<l  to 
m  tlirougli  the  precipitHtc  into  glawt  jaoh    Aflcnsnn^lJvtm 
thii  iii|itid  hecomcM  op«K|uc,  uud  depositee  cr)'HtHW^of  fmU  Itistro 
iiimI  bcttuly.     The  nutter  remaining  on  the  filler  luui  now 
fWoMne  liani  and  brittle.    Hut  it  UKiy  i)e  made  to  furnish  more 
'smtaht  by  the  following  tn-utinent :    Doil  it  for  liulf  an  IwuT 
I  (rith  miher  more  diluted  sulphuric  acid  tlian  i^  MilTicienl  to 
'mXMMa  the  whole  kad  which  it  contaiiM.     Filler  the  H^jiiid 
Hid  trMt  it  agnin  with  acetate  of  lead.     The  edulcuruled  pre- 
cipitate, when  treated  an  before  with  boiling  water,  yielda  aa 
•dditiOBa]  crop  of  ery^tal^     Thi^  procei«i  may  he  repented  till 
■kDHt  the  whulu  iK'iil  has  been  obtaiix-d  unitt-d  to  Ic-ad  in  a 
[ crystallbed  stntr.  .,,1,^,, 

CoUoct  the  cr)-stahi  formed,  and  boi)  litem  for  hidf  an  liffiv 

I  with  2-U  times  their  weight  of  sulphuric  acid  of  the  t(|K-(:itic 

gravity  l*0!>0,  supplying  water  as  fast  as  it  evajmniles  and 

taking  car*  to  keep  the  mixture  con!<tantIy  slirrvd  with  a  ghtss 

I  ml.     The  dear  li<]tior  i.s  to  be  )M>ured  off  aiid  put  into  a  tall 

[l^liim  jar  uf  funnll  d>:un<-ier.     Wliih^  still  hot,  a  sueuin  of  sul> 

^nrettrd  hydrogen  ^iu  k  to  be  ]Nis.t<-d  llirough  it.   Wheti  ihu 

Ind  '»  all  predpiiBted  the  fluid  ts  to  be  liltiTi>d  aitd  boiled  iit 

Ian  rtpi-n  limin  till  tite  sulphuretted  hydrogen  is  dl'iengag^'d. 
1'he  licpiid  now  coii&isI»  uf  water,  holding  s<tfMc  acid  iii 
■olution.t  .     , , 


•  Aim.  de  (1iiui.  el  tie  Ptijra.  vl.  3S1. 
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M.  Rraconnttt  lias  pivcn  m  tiu"  following  proco«8,  for  eit- 
tractiiig  tlii.t  acid  from  llic  bcrncti  of  tlio  pyrtis  niictiptiriii,  wliich 
lie  recomtnoiick  as  easier  tliun  tin*  process  of  Donovan  : 

Thfl  bcrrii'iS  arc  to  be  takt-n  before  they  arc  ripe,  pounded 
in  ii  tniirbU'  mortar,  and  the  jutce  squc«zcd  out  by  a  strong 
pri.<8Siirc.  TIk-  juice  i§  lo  be  Lcaled  in  a  capoiile,  to  the  boiling; 
t4'mperaturc,  and  carbonate  of  lime  is  to  be  thrown  in  as  lon^ 
M  any  effervescence  coutiiiue§,  Eraporate  the  liquid  to  the 
conflifltence  of  a  xyrup,  taking  care  to  skiin  ofT  the  scuia  in  pro- 
portion'M  it  cnllcctii^on  tlic  snrlace.  A  granular  prccipitiite  of 
sorbatc  of  lime  lidlx,  whicli  adliorc^  strongly  to  tJic  vessel,  unleM 
cure  be  taken  tu  «tir  the  li<]iiid  from  time  to  time.  After  an 
interval  of  nome  hours,  decant  off  the  syrupy  liquid,  and  vranh 
tlie  pri'ci|>ilat4!  witli  a  little  cold  water,  'i'hen  Ktjueexc  it  in  » 
cloth  and  dry  it.  'Hie  colour  of  ihi*  malt  it  fiiwn,  indicating 
that  it  is  not  free  from  llit^  mloiiring  matter  of  tite  berries. 
Boil  it  for  a  quurter  of  an  hour  with  a  quantity  of  crystallixed 
carhonatc  of  soda  equal  to  it  in  weight,  and  n  sufBdent  quan- 
tity of  utiter.  A  doulile  decomposition  lakes  place,  nnd  tlie 
liquid  retains  in  solution  norbute  of  soda,  mixed  with  a  quantity 
of  colouring  matter.  Tliis  colouring  matter  is  removed  by 
heating  the  liquid  for  some  time  nHth  lime  water,  or  milk  of 
lime.  The  liquid  when  filtered  becomes  quite  colourless;.  A 
current  of  carbonic  acid  gas  passed  tlirough  it  precipitates  the 
iime  n-1aincd  in  solution.  The  liquid  thus  frcc<l  fmm  colour- 
ing matter  is  to  be  precipitated  by  Kulncelale  of  Inid,  and  the 
sorbate  of  lead  may  bo  decomposed,  and  the  actd  obtained  in 
•olutioii  in  water  by  digesting  it  with  tlie  requisite  quantity  of 
dilute  sulphuric  acid.*  I  have  repeated  this  process  of  Bra- 
connot  very  exactly;  but  did  not  succeed  in  freeing  the  ncid 
from  the  colouring  matter.  The  l>erries  wlitcli  1  employed 
were  fiilly  ripe,  while  IJniconnot's  probably  were  green.  Fci^ 
hapB  tliis  may  account  for  llie  diffen'uce  between  out  results. 

In  the  year  1818,  Draconoot  made  u  set  of  c:(pciimcnts  on 
tnalic  ncid  ^m  ttie  juice  of  the  apple,  and  from  the  loares  of 
tlie  Mfviprrriruin  Irrli'nnn.  or  hottsr-fnJt,  and  demonstrated  that 
when  freed  frtwn  ihc.  mueibgiuous  matter,  with  which  it  is 
usually  mixed  and  db^ised,  it  possesses  exactly  tbe  prf^rdes 
of  sorbie  acid.f  licnce  it  follows  tliat  sorbic  acid  is  not  a 
peculiar  acid,  as  Donovan  supposed  ;  but  merely  the  malic  acid 
of  Sclieele,  in  a  state  of  greater  purity  than  that  eliemist  had 


I 


•  Asi).  lie  Chitn.  cl  de  Phjs.  vl.  841. 
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|1»eea  ait\e  to  oliiwii  ii.     Of  course  wc  must  (troji  one  or  otlier     ^^ 

Tlbeae  two  terms,  aitit  us  Sclieele  wns  undoiibtcslly  ike  fimt 

BTcrcr  of  tilts  Kcid,  though  he  did  not  §ucc«cd  in  proairin^ 
I  •  ttttitd  of  purity,  it  se«ms  tiut  lair  to  retain  the  name  malie 
wliich  tliut  iUustriauA  chctnl'it  orij^inally  bestowed  on  If. 
Dnconnot  oUtainod  pure?  miilic  ucid  from  tlie  juico  of  the 
-leekt  in  the  following  manner :  The  <'xpres!ied  juice  of 
plujil  was  fvaporali-d  to  the  consistenM  of  a  s.ynip,  and 
i>l  tuning  gnidiially  mL\ed  with  it,  tlircw  down  the  preci- 
'  nsaany  considered  as  maJate  of  lime.  Thii*  precipitate 
I  pwaed  strongly  in  a  doth  to  free  it  as  completely  as  po«- 
of  the  nodiariiie  mailer  with  wtiieli  it  was  niixt-d  It 
I  tlieD  dMolve^t  in  u'atcr,  to  wliich  it  communicated  u  t>rowti 
ionr.  Sulphuric  acid  wm  udded  to  Uie  liquid  in  such  quiiu- 
u  only  partially  to  di-cotnpo«M.'  the  taU,  and  the  liquid  mta 
ilterei}  in  order  to  separate  the  sul])hace  of  lime  prfcijniated. 
[The  Uqui<l,  uhicfa  luid  now  a  decidedly  sour  ta»te,  bfing  set 
>!de  for  S4  hours,  deposited  a  colourless  sait,  conr>istiug  of 
ate  of  lime.  This  ult  lieing  ri'ilis»olved  and  er)ilalli»-d 
riy,  formed  six-^ide*!  Aat  priMiu,  tenninated  by  bihedrid 
ititK,  of  the  puroNt  whiti;  colour.  These  crj-stuls  bein^ 
Iretl  in  waU>r  were  decomposed  by  sulphuric  acid,  and  in 
In  gv't  rid  of  all  the  sulphuric  acid,  tlie  filtered  liquid  was 
eA  over  oxide  of  lead*  and  the  whole  being  filtered,  a 
current  of  sulphuretted  hydroj^en  gas  was  passed  tbruiigli  it  (o 
thrown  donii  tlie  dissolved  lead.  It  was  now  evapontti'tl  to  tlio 
Goniiteiice  of  a  synip,  and  dianolved  in  alcohol  to  get  n<l  of 
tome  lime  and  oxide  of  lead,  not  separated  by  the  previous 
procntes.  The  alcoholic  sohition  bi-ing  evaporated  to  tlie  co»- 
Mtetwe  of  ftiyrup  did  nut  cryHtuIli/e  in  21  hours;  but  being' 
put  into  *  alove  it  cry^bdlixed  completely  within  the  same 
uil«rrHl  of  time.  Tlic  cr>i)tab  lirHt  formed  were  gruupti  of 
waali  flattened  globules  of  about  a  line  in  diant<-ter,  and  by 
degiew  the  whole  c»ucTete<l  into  an  opaque  wlnte  inasi*  tuber- 
culated  on  the  sur&cs. 

IblaJJcacid  tliua  obtuned  is  a  white  opaque  siibfttaiice,  having  piu^iuih 
aa  exceedingly  sour  ia»tc,  but  destitute  of  smell,  and  exceed- 
ingly soluble  both  in  vau-t  and  alcohol. 

Wheu  dropt  into  solutions  of  nitrut^.-  of  lead,  nitiato  of  silver, 
or  nitrate  of  mercury,  it  occasions  no  precipitate.  In  acetate 
of  lend  it  throwft  down  a  white  precipitate  soluble  in  acetic  acid, 
and  even  in  boiling  water.  When  acetate  of  leu*!  U  drupl  into 
thu  acid,  diluted  with  water,  a  copioiLs  white  precipitate  &IK 
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**'»"'■  vlueJt  gradually  rcdissolres  in  tli«  liquid,  and  in  ilcwly  con- 
VMlrtl  into  very  fine  silky  crystili,  hnvin^a  threat  ileal  of  litotro. 
M'Ucii  tiie^'  <;r)'iilaL-(  lire  tKiile<l  in  water  tliey  partbiUy  ditwlrc!, 
but  thv  gnralCi^t  giiirt  of  them  melt  into  a  reAtnouH  looking 
matter  wbiclt  may  be  dmwn  out  into  the  threuds,  but  vhicb 
becomes  brittle  as  won  as  tiie  tvinjieruturv  oLnks. 

Neither  Umc  vratcr  nor  burytes  wrater  occasion  any  prectiN- 
tst«  when  (Iropt  into  tbia  iietd. 

The  molattmof  ytoUuth  luid  8<KUBrv  incrystallizable,  dcliquea- 
cent,  niid  insoluble  in  stroiifi^  akohol.  But  tlte  bimalatea  of 
|kota.*ih,  noda,  an<l  ummoiiifl,  crystallize. 

When  saturated  u-ith  mngne-Hla,  or  with  oxide  of  sine,  h 
forms  sdls,  which  crystallize  witli  the  ffri-atest  fiK-iUt)'. 

8cbccle  considered  the  iiclil  produced  by  treuting  sugar  Willi 
a  quantity  of  fumuig  nitric  acid  eqiuit  to  its  own  weight,  and 
previously  dihited  witli  it»  oHii  we^ht  of  urater,  to  bir  dm/k- 
acid.  But  from  tin-  experiments  of  Vogcl,  iherw  is  reunion  to 
believe  that  it  ooiuttitules  a  differeot  and  jteculiur  acid,  n-htcli 
requires  further  exuminatioii.* 

\'urioiLs  niialyseA  of  maltc  acid  have  Won  made,  bnt  the 
reeitlt«  diSer  »o  much  from  each  other  that  wo  c;in  only  recondlo 
them  by  supposing  that  two  different  acids  have  been  hitherto 
iiiiuniti,  confounded  uudcr  tliv  name  of  malic  aeid.  And  the  properties 
of  tills  acid  as  they  luive  beeu  hitherto  slated,  are  so  vagae, 
that  this  may  very  well  have  t>cen  the  ca«c.  According  to 
Fromnihcrz,  malic  acid  itt  cutngioiH.'d  of 

Hydrogen  .         .  4-756 

Carbon  .         .         29-297 

Oxygen  ,         .         G3-947 


_  loo-otwt 

Tills  is  equivalent  to  3-46  atomft  hydrogen,  8-i)9  atoms  cutmii, 
and  6  atoms  oxygen.  Frommbets,  therefore,  considers  it  »  a 
owapi'und  of 

Oi  atom*  hydrogen  .         .         t)'4.*J75 

3J  atoms  carbon  .         ,         2-6250 

9    atoms  oxygen        .         .         .         6-<KH)0 


»-0025 
Tti*  would  make  the  atomic  weight  of  the  acid  9-0635, 
aaolyzcd  tlie  iiialat«  of  lead,  and  found  it  com])0)u>d  of 


He 
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Malic  acid 
Oxide  of  lead 


09-2725  or    9-0&3 
GO-7273  or  14 


CM*  I.' 
Dl«.  II. 


100-0000 

According  to  ihu  snalyHui,  the  atomic  weight  uf  tlic  ncid  is 
Bi)a3;  wliicli  n^eN  very  iioaHy  u'itli  the  nnalydcal  result 
'  abtainnl  by  dvcoin[>un(in^  nudic  acid. 

Ih-.  Prout  ltk«vi»c  stilijccled  tlie  malic  acid  from  Ute  berricji 
•r  the  mountain  ash  to  an  analyaU,  and  obtained 
Hydrogen  .  6-08 

Ciirboii  .         .  40-68 

Oxy^u  54-24 


100-00 

'  Now  tlic  smallest  ntunber  of  atoms  that  corrcsiwiid  mth  tlie«e 
proportions  ifl 

1  atom  bydrogen  0-125 

13  RbMns  carbon  .         .  9-75 

13  alanu  oxygon  .  22H)0 


22-875 

would  msko  the  atomic  weight  22-875,  n  number  utterly 

'  irreconcilable  with  that  obtained  by  Frommhcrz,  from  i-xperi- 

mrnti  wliicb  appear  to  approach  very  near  the  truth.     Dobe- 

Ktacr'ti  analyMA  of  the  same  acids  gives  quite  different  resultn. 

>g  to  him  it  U  eotn|>0AC4l  uf 

1  atom  hydn^n         .         .         0-125 

2  aUKDM  carbon  .         .         1-5 

3  atoms  oxygen  ,         .         S 


4-6a5» 

;  U  oltriouitly  the  constitution  of  fonotc  acid,  which  Dobe- 
nuot  hav<'  Homehow  nubsiituted  for  malic  acid.  The 
I  of  Bnicottnot,  so  far  us  tliey  go,  approach  very  nearly  to 
llMMe  of  Frommhcrz.  TIii'TC  facta  teem  to  Ivjul  to  the  conclu- 
I  doa  tliat  tvo  different  acids  have  hcen  eonfoundcd  to^'ther 
^^  imdn'  Otir  Mine  name.  That  one  of  them  Iiik  been  analyzed 
^■by  Froinnihenc,  awl  tlie  other  by  Prout.  But  this  oliscure 
«  Hultject  can  only  be  cleared  up  by  future  rosearolies. 
1^  Then*  are  four  acida  which  have  been  distinguished  by 
^■VfTuliar  munn,  but  which  posseiH  properties  so  nearly  rcsem- 
^^Ming  tliOM  of  matic  acid,  tliat  in  all  probability  tliey  are  merely 
[  *  SchtrciggeT's  Jour.  Mvi.  21i, 

H    It. 
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tlmt  nciil,  (li^iguitMNl  by  Uiv  prO!i«iicv  of  scimc  f<»reign  mMter. 
nhall  give  a  short  uccoant  of  these  ncids  to  this  plnc«. 

1.  Fimffic  Acid. 
Tliia  add  vaa  found  by  Bracoiiiict  in  the  Peziza  nigra,  tlio 

Hydntm  hjfhritlum  and  rejtandmn,  the  lioletiu  jugUuidi*  and 
paeudo-igniariuH,  tlic  P/ui/itu  impudieus,  mid  lh«  MeruUiu  car- 
Ihanllm  ;*  and  by  Schradcr  in  the  JMrtHa  mitra. 

The  method  of  ohtainin|^  it  followed  by  Braconnet  was  this; 
The  juice  of  the  Bnletnit  juijlastdin  wiis  obtained  by  preRSure, 
ami  the  dry  ro»iduo  was  washed  witJi  water.  The  li<)iiiil  tliiii 
obluined  was  boiled,  and  the  albumen  which  had  coagulated  wii* 
separutcd  by  tlie  filter.  It  waa  then  gently  evaporated  to  dry- 
ness, and  the  dry  residue  v.Mi  wfU  waKhcd  with  alcohol.  Tlio 
portion  left  liy  tlie  ulcuhol  wa*  dissolved  in  water.  Acetate  of 
lead  being  dro]>[ied  into  lite  solution,  bolclate  of  lead  was  tlirown 
donii  in  ubundaneu.  This  fungntc  was  colieeted  and  wa:«hed 
on  tlie  filter.  This  salt  being  digested  with  dilute  sulphuric 
acid  a  brown  liquid  vi'as  obtained  containing  fungic  acid,  phos- 
phoric acid,  animal  matter,  &c.  Being  Kiturated  witli  ammo- 
nia and  evaporated,  crystals  of  fungate  of  ammonia  were 
obtained,  which,  being  redissolved  and  m'stulli/ed  and  subjected 
to  pressure  betwecu  folds  of  blotting  paper,  were  pretty  white. 
These  crystals  were  dissolved  in  water  and  the  acid  again  thrown 
down  by  acetate  of  lead,  and  from  tlie  precipitate  pure  fiingio 
acid  was  separated  by  means  of  dilute  «ulphtiric  ukiA. 

The  acid  tlius  obtained  was  colourless,  would  not  crystallize, 
had  a  very  sour  taste,  and  when  evaporated  to  dr^'netw  absorbed 
moisture  from  tlie  atinonpliere.  It  does  not  tltrow  down  Hme 
from  a  sobiUon  of  the  muriate,  not  even  when  in  the  stale  of 
fungnte  of  potash.  Such  are  the  characters  of  tliis  add  given 
by  Braconnet,  tt^ether  witli  a  ver\- short  account  of  Kume  of  iia 
salts.  All  these  clianicters  will  apply  to  some  of  the  acids  that 
have  been  described  by  chemists  uoder  the  name  of  malic  add. 

2.  Igasvrie  Acid. 

This  is  tlio  name  by  which  I'eltetier  aitd  Cai-entou  liave 
tliought  proper  to  distinguish  an  acid,  which  exists  In  St.  Igiia- 
tius's  bwui,  the  fruit  of  the  stry/tntKi  iffualin,  in  which  they  first 
detected  the  new  alkaline  substance  to  which  they  gave  tJte 
nune  of  ttri/cAnim. 


I 
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IgMurio  acid  was  obtained  in  the  fuUowiiig  manner :   Tlte     ^^^  >■  B 

oiagneMn  hy  mmii«  of  whi«li  the  otryclinine  bad  been  separated '.. 

fnm  the  infu«inn  of  St.  lifimtiiw's  bean,  was  washed  in  inild  '"t^ooim, 
\  mter  to  <Ifj)rir*'  it  ns  completely  a*  possibli-  of  tlic  colouring 
I  auitiT  with  wbidi  it  was  mixed.     It  was  then  boiled  in  a  great 

(juantity  of  distilled  water  to  dissolve  the  igasurate  of  tnagne- 
I  n     The  M>lutJon  being  concentrated  by  evaporation,  was 

■HJted  with  acetate  of  lead.  A  <louble  decomposition  took 
[  pboe,  and  the  ifpuurat^  of  lead  was  precipitated  in  the  state  of 
iwi—alnblf  (wwder.  Tliis  powdvrw&t  mixed  with  wat«r,  nnd 
[  ihr  Irad  vcparutrd  from  it  by  mean*  of  Kiilphitrettvd  hydrogen 

giw.     Tlie  igasuric  acid  dissolves  in  tiic  wuter,  and  may  be  oIk 

tain«d  m  a  separate  state  by  evaporating  that  liquid. 
[      The  oaly  diaraeter  by  whidi  this  acid  is  dlstinguisbed  from 
I  tke  mnUe  ii  the  property  which  it  hai  of  precipitatinji^  copp«r 
I  fat  tke  stMe  of  B  grccniid)  whiti^  ))on'<ler,  and  by  ihc  solubility 

«f  itsnikaline  salts  in  ulcohoL 

I  3.  Laccic  Acid. 

\  This  scid  was  obtained  by  Dr.  John  from  stkk  tac*  Hia 
I  |WiiMw  was  the  following :  Slick  lac  was  reduced  to  potvder, 
f  and  digested  in  water  as  long  iu  it  cummnnicated  any  colour. 

The  aqticotis  solution  wax  e«-upomt<rd  to  tU-yness,  an<l  tbe  roM- 
I  due  digested  Id  akohol.  lliv  ahwhoMc  solution  was  likewise  Piqwiuoa, 
I  ««a)Mcated  to  drj'ness,  and  the  dry  rcHidtie  digcKled  in  eilicr. 
I  The  eth«r  solution  being  also  erapofati-d  left  a  »yrupy  mass  of 
la  liglit  yellow  colour,  which  being  again  dissolved  in  alcohol, 
^oad  the  sattution  oiLied  with  water,  lets  &dl  a  little  resin.  The 
'  liquid  niiw  voniaiits  tlie  inccic  acid,  united  n-ith  a  little  potash 

and  lime,  from  which  it  may  be  sejMirated  by  precipitating  it 

with  lead,  and  decomposing  the  lac-cnti-  by  means  of  a  quantity 

of  sulphuric  acid,  just  sufGcienl  to  satunile  the  uxidc  of  lead. 
>  Thua  obtained,  it  possesses  tbe  following  properties : 

It  b  capahle  of  orytlallixing.   Its  colour  is  wine  yellow,    Ita 

taste  is  acid.     It  k  soluble  in  water,  alcohol,  and  ether. 
It  throws  down  lead  and  mercury  from  their  solutions  in 

adds  white.     But  it  does  nut  precipitate  lime  water,  nor  tlie 

nitntea  of  sUver  and  barytes. 

Whether  pure,  or  combined  with  a  base,  it  throws  do^'n  the 
[  «!■■  o£  iroa  white. 


^ 


*  lac  If  a  tubataaoe  fonneil  by  insect*  in  India.    Scnling-wsx  consitli 
,  tUaltrofil. 
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Ifi  ot^miioiiiicU  with  lime,  soda,  and  potaiili,  urt-  dcliqtiosc«tit 
and  Hohiblt!  in  nlcolioL* 

Most  of  UifflO  clinnicters  would  Apply  equally  well  to  mulic 
aci<l. 

4.  SoUmic  Acid. 

This  U  an  acid  found  by  Peschier  in  tlie  fruit  of  tl»c  wltol« 
triho  iif  no/aiittjnn,  (■■•jH'oiiilly  tin-  berries  of  tlie  siiltmum  niijrum. 

It  cryHtallize^.  It  forms  uith  puUixh  nnd  ooda  cry •■  tall ixabli- 
aalts.  It  Aon  not  pri'cipitatp  ndts  of  buryteH,  lime,  magnpsia, 
ii\n«,  iron,  or  copper,  but  it  throws  down  sidts  of  lead,  mercuryt 
and  §ilvcr.t 

All  ihcHe  properties  agreo  willi  malic  acid,  leaving  littJe  doubt 
about  the  nattirc  of  tlie  acid,  which  cxisIh  in  the  berries  of  the 
•olaniim. 

The  meni*permk  arid  of  HouUny  lnw  been  ascertained  to  bo 
miilie  .'ift<l.  The  wuno  ri'mnrk  applies  to  the  acid  detected  by 
liracuiinot  in  the  ])hytoloccu  dccandra. 

SECTION  X.^-OF  I-YKOMAUC  ACID. 

itMoiT,  Vaiiquelin  first  observed  that  when  crystallized  malic  iicid  i* 

healed,  white  aeedtes  are  rnhiiilixed  at  a  certain  lompcrature, 
constituting  an  acid  of  n  peculiar  nature.  'VUe  same  remark 
was  made  by  Bracoiiiiot,  who  distinguiidied  tlio  new  acid  by  the 
name  oi  ppro-malic.  For  the  fullest  account  of  its  pn>pettie» 
we  are  indebted  to  M.  La^sai^ie.^ 

He  distilled  30  grammea  of  cryHiallized  malic  acid  in  u  ghuw 
retort  with  a  moderate  heat.  Wre  water  tint  eume  over,  then 
the  nci<l  became  coloured,  and  on  au^eiitiii^  tin-  livitt  u  colour- 
less liquid  passed  over,  having'  a  sl^^htly  bituminous  odour,  and 
an  acidity  so  strong  that  it  blistered  tlie  lips  and  the  tongue. 
Towards  the  end  of  tlie  proeeiw  a  few  white  needles  sublimed. 
A  very  bulky  t-harooal  remained  in  the  retort,  'Hie  aci<l  liquid 
being  evaporated  to  one-half,  yielded  prismatic  cryfttoht  of  pyro- 
malic  acid. 

Thi<s  aeid  undergoes  no  alteration  when  exposed  to  the  uir. 
It  melts  when  heated  to  I17i^  When  allowed  to  cool  it  con* 
cretea  into  a  mass  cr)-HtatliKcd  in  needles  diverging  from  a 
centre  and  having  a  pearly  Insire.  When  thrown  upon  burn- 
ing coaU  a  white  acid  nmoke  iKcxhaled,  irrilating  tlie  nostrils 
and  exciting  eougli,  and  nothing  whau-ver  remains.    When  it 

•  SchwfiBKPr'i  Joiirmtl,  x».  I  l(X        f  J«U'-  ^  Cliim.  Medic,  ill  SS9. 
f  Ann.  tic  <  him.  ec  ile  Phji-  xi-  9% 
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tNilixtJNcd  in  clo«e  vesscU  the  ^caUT  part  sublimes  in  long     iimi 
ncrdlirs  though  n  sruU  portion  undergoes  (leL-oi)i])Qtitioti. 

Water  of  the  temponilure  50*  dissolves  iiboiil  (wif  its  wer'flit 
of  thifl  acid.  It  ia  very  soluble  in  ;tli-i>liul.  'I'lic  aqiii-oiK  sulu- 
Uan  reddens  vegetable  biues,  !kn<l  prt'c-ijiihttov  acotnlt-  of  Imd 
Mid  »i(r»t4>  of  mercury  wliitf,  It  docK  not  pri'dpilate  lime 
water.  When  dropl  into  barytcs  watvr  u  white  powder  &lls, 
rcdiMc^ved  by  tbe  addition  of  a  little  uulcr,  and  after  some  time 
Ihlte  rilvcr)'  concretions  appear  on  the  sides  of  the  vessel,  con- 
■iting  of  pyromalate  of  barytes.  This  salt,  according  to  Las- 
nigne,  is  composed  of 

I'yiomalicacid         .         .         101) 
Bar>t«it  .        .  165- 1 -42 

If  we  consider  thiH  nit  m  neutral,  these  numbvre  gire  5*191 
B»  the  atomic  wei]|t^ht  of  pyromidic  neid. 

All  tliMe  cbiravteni  resemble  so  closely  tliose  of  pifro-citrie 
■rid,  tbait  we  can  scarcely  avoid  eoni-hiding  tliat  the  pyrocitric 
and  pyrumalic  comiilulc  one  and  the  aame  acid. 

I-uwiigiU'  examined  the  whit«'  needier  ^vhicli  sidiUmod  dur- 
ing llie  disdilation  of  malic  acid.  He  found  tliv-ir  propt-riies 
HoiU*  tlifferout  from  tho»e  of  pyromalic.  They  appruueli  very 
onr  ln-n5n>ic  aci<l,  but  differ  in  some  few  circum*tiiiifes.  They 
an  proludily  rntiUed  to  l>e  considered  as  a  new  acid.*  lime 
ranclusioiis  bave  \twn  CMifirmed  by  Rose.f 

SECTION  XI. — or  MUCIC  ACIU. 

Tlilt  acid  was  discovered  by  Scheeic  in  17tW.  After  having  utiiMy. 
obtBtned  oxalic  acid  from  sii^r,  he  wished  to  ex»mini>  wht.-tbvr 
the  Mgar  of  milk  would  furnish  tlie  same  product.  Vynn  four 
(lunceii  of  pure  sugar  of  milk,  finely  powdered,  he  poitred  12 
•luucvtt  of  diluted  nitric  acid,  and  put  tlie  mixture  in  a  large 
glow  retort,  which  he  placed  in  a  sand-batb.  A  violent  effer- 
veBCencc  en«uin^,  lie  uiut  obliged  to  remove  tlie  retort  from  tlic 
fKod-batb  till  the  commotion  ceased.  He  tlien  continued  the 
(BatiUation  till  the  mixture  became  yellow.  As  no  crystals 
appavod  in  the  liquor  reinnlning  in  the  retort  after  standing 
two  day*,  he  rcfK-nted  the  di'^tilliilion  as  before,  with  tlie  addi- 
tinu  of  eight  ounces  of  nitric  ucid,  and  continued  the  operation 
till  the  yellow  colour,  which  had  di^ippoiired  on  the  addition  of 
the  nitric  acid,  returned.  The  liquor  in  (he  retort  conlaiiii,-<i 
a  wliitv  powder,  and  tvhen  cold  was  observed  to  be  tiiick, 

■  Aan.  ileC1uin.et  11>y*.n.  97. .     -f-  roggco(lorr«  Annalcn,  til  67, 
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Ohp-l  Eight  ounces  of  «-Bt«r  were  added  to  dilute?  this  liquor,  which 
was  then  filtraii-cl,  l>y  wliU-Ii  tlio  white  powder  was  separated ; 
wliidi  being  fiiiilcoratt-d  wild  driw!,  weighed  7i  dr.  The  fil- 
trutcd  Holution  was  evaporated  to  tlic  conxiittcnec  of  a  Kynip, 
and  agnin  subicctcd  to  diNtillution,  witli  four  ounces  of  nitric 
acid  as  liefore ;  after  which,  the  U<)uor  when  cold  wbs  observed 
to  contain  many  Rinall,  oblong,  sour  crystals,  together  witli  some 
while  powder.  Tlii*  pow<lor  being  separated,  the  liquor  was 
agiiiii  distilled  with  more-  nitric  ncid  as  before,  by  which  meiuis 
the  liquor  was  rendered  capable  of  yicldiug  cr)'HtaU  ngniii,  and 
by  one  distillation  more,  with  more  nitric  acid,  the  whole  of  the 
liquor  was  converted  into  crystals.  These  cryivtats  added  to- 
gether weighed  five  drachms,  aiid  were  found  upon  trial  to  have 
Uic  properties  of  tie  oxalic  acid. 

Mr.  Sclieele  next  examined  the  properties  of  the  white  pow- 
der, and  found  it  to  be  an  acid  of  a  peculiar  nature,  he  there- 
fore called  it  llie  acid  fjf  l/ir.  mi/ar  qf  miik.*  It  htm  afterward* 
called  lae/acftc  acid  by  tlie  Fn^nch  cJtemltts.  J-'ourcroy  changed 
tliat  name  into  that  of  mucvus  cKid-,  because  it  is  obtained  by 
treating  gum  arabic  and  other  mucilaginous  niibstauces  with 
nitric  scid.  And  tliis  name  has  been  sintx  altered  to  (hftt  of 
inttcic  add. 

Mucic  acid  may  be  obtained  by  tlie  following  process :  Upon 
one  part  of  gum  and)ic,  ur  other  similar  gum,  previously  put 
into  a  retort,  pour  two  parts  of  nitric  add  diluted  with  water. 
Apply  a  slight  heat  for  a  tihort  time,  till  n  little  nitrous  gas  and 
carbonic  acid  gas  comc«  over,  then  allow  the  mixture  to  cool. 
A  white  powder  gradually  preci|)itateii,  which  may  be  easily 
Kparated  by  filtration.  Tins  powder  is  mucic  acid.f  It  is  not 
however  pure,  being  mixed  with  a  considerable  porlion  of 
oxalate  of  lime,  and  witli  aliout  (}  per  cunt,  of  a  substance  which 
is  probably  a  compound  of  guin  and  lime.  The  oxalate  of  lime 
may  be  separated  by  (iigestii)|;  the  white  powder  repeatedly  in 
diluted  nitric  acid.  The  gummate  of  lime  U  separated  by  dis- 
solving the  residual  saclactic  acid  in  boiling  waU-r,  tlie  gummate 
being  insoluble  in  ibat  liquid.  The  water  on  cooUug  deposits 
McUcticacidin  a  slate  of  purity.}  If  sugar  of  milk  be  employed 
insti'^ad  of  giun,  the  saclactic  add  is  obtained  at  ouce  in  a  state 
of  purity. 

Mucic  acid  thus  obtained  is  under  the  form  of  a  white  ^itty 
powder,  with  a  slightly  acid  taste. 


I 


•  Scheelc,  ii.  69. 

t  Lsugm;  Ana.  dc  Chiin.  Luui.  61. 


+  Fourcrojr,  »u.  IK. 
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Heat  decon>[>(»C9  it  Wlien  dlitilled  there  comes  over  on 
arid  liquor  wUidt  cry^italluofl  in  tii>nll(-«  <>ti  conlii)^,  containing 
ppomudc  acid,  r  rod  coloured  acrid  oil,  carbonic  Bcitl  ga.<i,  aiid 
larlwrvtK'd  hydrogrn  gax.  Thcrv  rcmuins  in  the  retort  a  large 
praportiau  of  charcoal.  According  to  Trommsdorf,  an  add  in 
ct^tals  is  also  obtained,  which  possesses  tlie  pr4{Krt)cs  of  sue- 
dnic  acid.* 

Mucic  odd,  according  to  Scheele,  is  soluble  ttt  60  pArta  of 
It)  weight  of  boiling  water,  but  Mi»«r8.  Hermbittudtf  and 
Morreaiit  futuul  that  boiling  water  otdy  dissolved  g^tb  part: 
it  df'poAittil  alM)ut  {ih  part  on  cooling  in  the  form  of  crj'stals.^ 

Tbc  solution  lins  an  iwiid  taate,  and  reddens  the  infusion  of 
tuntsol.  II     Ita  specific  gravity,  at  the  teniperatitr«  of  53- 7°,  iK 

The  compoundn  which  It  forms  with  earth.*,  alkalies,  and 
aetalHe  oxides,  are  denoniinato<l  muratts.  These.  Milt-s  are  but 
very  imperfectly  known,  few  chi'mitft  having  examined  them 
except  Schcelv.  Tbc  fiicts  which  he  asc4.Tta)iied  arc  the  foU 
lowing: 

With  potash  it  forms  n  salt  soluble  in  eight  [)arts  of  boiling 
water,  which  ciystaliiitca  on  cooling.  The  mucato  of  soda 
aUo  cryslallixe*,  and  is  soluble  in  five  parts  of  water.  Mucato 
of  ammonia  lows  its  \wsv  by  »  moderate  heat,  while  tlie  adil 
remaiiu  behind.  The  compounds  which  it  forms  witli  the 
«artlM  are  nearly  insoluble  in  water.  It  scarcely  acts  upon  any 
of  tfae  metftls,  but  it  combines  with  their  oxides ;  it  forms  salts 
almost  insoluble  in  water.  When  poured  into  the  nitrates  of 
silver,  mcrcur)-,  or  Ica«l,  it  occasions  a  white  precipitate.  It 
|iroduees  no  change  on  tlie  stdphatos  of  iron,  copper,  xiiic,  man- 
ganese, nor  on  the  muriates  of  tin  and  mercury.** 

Three  very  careful  analyses  of  this  acid  have  been  made,  the  tompetiiwo. 
first  by  Oay-I.U8sacand  'nienard,f|  the  second  by  nerzeliun,}! 
and  tfae  third  by  Dr.  IVnit.     The  following  tidile  exhlbitH  tlic 
iMulta  obtained  by  each  of  these  divmit^u: 

Gay-Lussac  3-62  +  03-69  +  6'2-fl9  =  100 
Berzelius  4-72  +  M-T2  +  60-50  =  100 
Prout  4-94  +  03-.13  +  61-73  =  100 


•  Ana.  do  Cbiai.  U«I.  TO.    f  Phyi.  Chm.     t  Bnojrc  Method,  i.  «0O. 
i  fjrtiwlr  I  Ifalii.  1  Mownu,  ibid. 

■*  SeliMhv  ii.  t^^.  tt  Kechercbe*  PI>)-iicoM:biiBiqu«,  ii.  808. 

It  Aanali  of  niilawphy,  v.  I7ff. 
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1  liave  shown  trom  tlie  analysis  of  mucate  of  Hoda,  tliat  I 
atomic  weiglit  of  tliiit  acid  tit  13.*     Comparing  Uiis  with  tlie 
preceding  analyscit,  it  U  (>l>viou»ly  a  coinpomul  of 

0-S 


i  atoms  hy<Jro^fD 
6  atom!<  c<irbon 
8  atoms  oxygen 


These  atomic  proportions  corrt-spond  with 
Hydrogen 
Carbon 
Oxygen 


4-5 

e 

3-64 
34-61 
6l>6d 

100*00 


„     BI»W>T. 


rpvtcite 


Number*  not  deviating  much  from  the  mean  of  the  preceding 
analyses.  Wort-  wc  to  admit  witli  Kerzelius  5  atomit  hydrogen, 
the  atomic  weight  would  be  18-126,  and  the  quantity  of  hydro* 
gi'ii  per  cent,  would  be  4-78.  This  would  suit  the  iinuly^OK  of 
BrrxeliuH  and  Prout;  hut  would  not  agree  with  that  of  Gay- 
Lussac  and  Theiiard.  I  iim  diiposed,  therefore,  to  consider  13 
as  the  true  atomic  weight  of  this  ucid. 

SECTION  XII. — OF  FVnoMUCIC  ACII>. 

This  acid  was  ohtaiued  by  M.  Houton  Labiilardiere,  by  die- 
tilling  mucic  acid  in  a  retortj  I'hc  matter  ivhich  comes  orer 
into  the  receiver  in  to  lie  mLtcd  witli  four  timos  iw  weight  of 
water,  aiwl  then  evaporated  to  tlic  requUile  degree.  'Ilie  pyro- 
mucie  aci<l  is  deposited  in  crystals,  and  moic  cry»taU  are 
ohtatned  when  tlie  mother  liquor  is  concentrated  still  farther. 
Pyromucic  acid  tlius  obtained  melts  at  the  temperature  of 
^k-  36^°,  and  if  tlie  hciit  be  continued,  Hubiimes  in  the  form  of 

^H  yellow  erystuls,  which  on  being  dissolved  in  water,  and  cfy»> 

^1  tallized,  become  perfectly  while  and  pure. 

^B  .  .    P)Tomucic  at^id  is  white,  iiuK  an  acid  taste,  and  is  destitute 

^^  of  smell.    It  dues  not  deliquesce.    It  reddens  vegetable  blues, 

^H  It  \s  mure  soluble  in  hot  tliun  in  cold  water.    Alcohol  dissolves 

^H  it  more  abundantly  than  water.     Ma'^t  of  tlie  salts  which  it 

^M  forin«  are  soluble  and  crj-stallizuble.     I'hey  have  received  the 

^B  name  of  pyromucates. 

^^^^L  Most  of  tlie  pyromucates  are  very  soluble  in  water.     The 


Fint  rrinri|>1«i,  H.  lU.  f  Ann.  de  Chim.  rl  <k  Vhyt.  ix.  365. 
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onlf  metallic  salta  wluch  it  precipitates  sre  tlioM  cwntaiinng     <3>m  l 
penxide  of  iron,  protoxide  of  mcrviir)-,  uitd  peroxide  of  tio.  _^'''  "* 
Pyraraticate  of  ammoiiia  might  Ih'  ttubHtituted  lor  bcnzoate  or 
Hiiociiiat«  of  amiDonia  for  thrannng  down  peroxide  of  iron  from 
ncDtisI  Kolutions. 

Pyromucatc  of  burytcs,  accurditig  to  tli«  analysis  of  Houton  Owiauua. ! 
LAbillartliere,  is  coinpoaed  im  follows : 

Acid  .  57-7  or  12-96 

Buytes         .         .         42-2  or    9-5 

39-9 

According  to  thu  analvMS,  tli«  equivaleal  number  for  thin  iicid 
1%  12-98  or  13. 

When  analyzed  by  means  of  peroxide  of  copper,  its  consti- 
laenta  were  found  to  l>c 

Urijon  .         .  M-118 

Oxygen  .         .  4A-60G 

Hydrogen  2-111 


1 


100-035 
T1>e  number  of  atoms  coming  nearest  to  tlicse  proportions, 
ind  to  tlic  equivittvnt  iiumlter  fur  th«  acid,  m  in<licated  by  llie 
ronpCMtton  of  pyroraucatv  of  barj-tcs,  is  as  follou-s : 
^B  9  etoiDH  carbon      =6-75  .         51-92 

^H  0  atoms  oxvgen     =6  .         .         46-16 

L  "-^"'  ■  ■  '•* 

Vfroni 
I      prrqa 


13-  lOO- 

tbeM  number*  coincide  very  n>-at1y  witli  tUmo  derived 
'from  the  actual  onalyMs.  Tbti«  the  utomic  weights  of  muciciiniL 
pyrooinric  add  arc  tlie  name,  but  their  atomic  constituents  are 
[Vrry  differeiiL  l^e  carbon  has  greatly  increased,  while  the 
[oxygen  aijil  hydrc^ii  lias  considerubly  dimini^ed. 


SECTIOK  XIII.— OP  BUCCIKIC  ACID. 

Amber  ta  a  well-known  brown,  tninspiiroit,   influminalde 

Jy,  pretty  hard,  and  siiaceptibie  of  polish,  found  at  some 

in  the  earth,  and  on  the  scitcoantuf  die  IklticaiKl  Eng- 

It  was  in  high  cstimntion  among  tlte  ancicnl»  lH>th  u% 

lamaiDvni  and  u  nu'xiteinu.     Wh^-n  ihi*  ^iilwtance  isdiKlillrd, 

I  volatile  suit  ID  obtained,  which  is  mentioned  by  Agricola  niuWr 

oame  of  taU  nf  amber ;  but  its  nature  was  long  unknown. 
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Boyle  wns  tbo  Rrst  wbo  discovered  that  it  wa.i  an  add.*  From 
gucriniim,  the  l^tin  name  of  ainl)er,  tLis  acid  Iins  received  tlie 
Bj}pollacio»  of  KHCcittic  acid. 

Mr.  Pott  Heems  to  liavo  been  tlio  first  chemist  who  made  n 
set  of  experiint-nts  to  uscrrtuin  its  iiropcrlit-s,  and  wlio  demon- 
atrated  tliat  it  diiTers  from  every  vtWr.f 

It  a  obtained  by  tlie  following  process :  Fill  a  retort  half- 
way with  powdered  amber,  and  cover  llie  powder  witli  a  (puut- 
tity  of  dry  sand;  lute  on  a  recci\'er,  and  distil  in  a  sjiiid-U-iUi 
without  employing  too  much  heat.  There  pa»ies  over  fira  an 
insipid  phlegm ;  then  u  weak  acid,  which,  according  to  Schccic, 
is  the  Eicctic  x\  then  the  succinic  acid  attaches  itself  to  the  neck 
of  the  retort :  and  if  tlie  distillation  be  continued,  tlicrc  comes 
over  at  last  a  tliiek  brown  oil,  which  has  an  acid  taste. 

The  succinic  acid  is  nt  first  mixed  wilh  u  qtumtity  of  oiL  It 
may  be  made  tolembly  pure  by  dissolving  it  in  hot  water,  and 
putting  upon  the  filter  a  little  cotton,  prenously  moi»ten«d 
with  oil  of  amber:  tills  substance  retains  most  of  the  oil,  and 
allows  the  solution  to  pass  clear.  'I'lie  acid  is  ilicii  to  be 
crystallized  by  a  gentle  evajioralion ;  and  this  process  is  to  l>c 
repeated  till  the  iici<l  be  stiJlicientJy  pure.  Cniylon  Morveaa 
lias  shown  that  it  may  be  made  quite  pure  by  distilling  off  it  a 
suGGdent  quantity  of  nitric  acid,  taking  care  not  to  employ  a 
lieat  strong  enough  to  sublime  the  sucdnic  acid.f 

The  crystals  of  succinic  acid  arc  transparent,  white,  shining, 
and  of  a  foliated,  triangular,  prismatic  form :  tliey  liavean  actd 
taste,  but  are  not  corrosive :  they  redden  tincture  of  tunisol* 
but  have  little  effect  on  that  of  violets. 

They  sublime  when  exposed  to  a  considerable  heat,  but  not 
at  the  heat  of  a  water-biilh.  In  a  sand-bath  they  melt,  and 
flten  sublime  and  oonilense  in  the  upper  part  of  the  vessel ;  but 
tlie  coal  which  remains  shows  tliat  tliey  are  i)artly  decomposed,  n 

Oue  part  of  this  acid  dissolves  in  06  parts  of  water  at  the 
temperature  of  50°,  aceonling  to  Spielman;<II  in  2-1  parts  at 
the  temperature  of  5*2° ;  and  in  two  parts  of  water  at  the  tem- 
perature of  218°,  according  to  Stockar  de  Neuforn:'*  but  the 
greatest  part  crystallizes  as  the  water  cools.  According  to 
Roux,  however,  it  still  retains  more  of  the  acid  tluui  cold  water 

•  Boylr  abridficd  by  Shaw,  iti.  3iS9. 

t  Mem.  Ilcrlin.  1 7A%    S«  on  nhnract  of  liii  paper  iD  Ltswia**  edilion  of  J 
Kciimnn's  <:bcinistry,  p.  2A1. 
}  Bcrgniaa'i  Nutes  on  Scliefltr.    j  Ann.  lic  Chiin.  xxtx-  lU.    I  Pott.  i 
i  Inst,  Chem.  5  xii.  ■*  Dp  ^iiccino. 
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b  Mfnbt*  of  dlMolvin^."  Two  hundred  and  forty  gmm  of 
bulling  alcohol  dmolvv  177  of  Uiu  acid;  but  cryabih  ngain 
iboot  aa  th«  solution  conL>(.t 

Solpburii;  acid  di<tsoIre!i  it  with  iho  iU8t«tnncc  of  linit;  but 
4ofS  not  np[>riu-  to  dcc()in|t<i«o  it.  Tlic  H»mprciiuirk  !ip|>lio«  to 
nhrie  acid.  Mtuiutic  ucid  bus  but  liltlo  action  on  it  while  cold ; 
but  vben  bent  is  applied,  tb«  wbole  coajpilates  into  tbe  con- 
riMacc  of  njelly.t 

Tlw  corapotinds  wliich  tbitt  a«td  fonns  with  alknlieiit,  aridft, 
and  mvtsllic  oxi<l«A,  have  receirnj  tli«  mime  of  jnimnaftv.  Tlio 
likiJiue  siieviriiKoH  nre  Moliiblo  in  uiiter.  This  h  the  caseulso 
*ttb  the  earthy  sitceiimte^  except  sucetitate  of  biir)'tes.  Hence 
baiyte*  n  the  only  eurth  precipitated  from  n  neutral  solution 
by  tueciiiate  of  aromoiiiti.  This  salt  likcHnBc  precipitates  mer- 
aary  aiui  lead.  Il  throtrs  down  iron  from  all  solutions  provided 
Hic  iron  Iw  in  tliv  Htate  of  peroxide,  and  tliere  Iw  no  cxniw  of 
and  present. 

I  have  bhovrn  lliat  the  atomic  weight  of  nuccinie  ndd  b  6-'i5,§  c(imi«iiM>. 
iMI  di  »  agr«e0  alniont  cxiu-ily  with  a  previutu  experiment  of  i 

alias,  who  found  Kuccioatc  of  lead  u  compound  of 


Succinic  acid 
Oxide  of  lead 


6-26 
14 

30-2611 


bUus  subjected  the  ncid  to  an  analyiufl,  and  found  its  coii- 


Hydrogen 

Ciubon 

Oxygen             .         . 

4.512 

47-600 
47-»i8 

H  is  equivalent  to 

2  alotno  bydtc^n 
4  nioiu  carbon 

3  atoms  oxygen 

100-000 

0-25 

S 

3 

0-25 
fTbin  it  appear!  tlwt  both  the  atomic  weight  and  the  atomic  ^,^^;^^ 
tilutiiiri  of  succinic  acid  i«  precisely  llie  tunic  us  that  uf 

•  Uorteau,  Encyc.  Method.  CIud).  L72. 

t  Waatd'B  VnviodtKtiBft,  [i,  305.         t  Pott. 

}  Vim  Pllac^itei,  IL  1S7.  I  Aniuda  of  fbiluMph}',  «.  09. 
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acetic  acid.  Yet  no  two  adds  oui  be  tnoro  diflcrcnt  in  their 
proportit'«.  Il  »  obvious  tliat  the  difference  Iwtwocn  tliem  ran 
be  cxpluijied  only  by  a  ilitTereiit  arrangement  in  the  atoms  of 
each.  If  wc  were  to  admit  that  alomH  are  capable  of  uniting 
only  two  and  Iwo,  forming  primary  compounds;  tlial  i-adi  of 
tbe§e  mny  combine  two  and  two,  or  onv  primary  with  a  niinpltt 
atom  forming  secondary  compound!) ;  and  that  each  of  tJie»e  ■ 
aecoiidary  compoundM  may  combine  two  and  two,  or  one  secon-  ™ 
iary  witli  one  ])rimary,  or  with  one  simple  atom  forming  tertiary 


vomjioundit,  &c.,  il  would  be  easy  to  sec  that  compounds  like 
§uccinic  acid,  which  contain  nine  atoms,  may  liave  these  atoms 
arranged  in  a  great  variety  of  way<t,  no  that  tlie  primary  and 
secondary  compounds  of  wiiich  such  compounds  consbt  may 
I)C  very  different  in  the  one  body  from  what  they  are  in  the 
other.  There  is  nothing,  therefore,  absurd  or  incongruoua  in 
conceiving,  tluit  two  compounds  possessed  of  very  <liffiTt'nt 
properties  may  liave  tlie  same  atomic  weights,  and  bo  even 
composed  of  tlie  very  same  atoms.  Bcrzeliua  views  acetic 
neid  ait  conliiining  one  ;it»m  of  hydrogen  more  than  succinic, 
and  thinks  this  difference  sufficient  to  explain  the  very  dif- 
ferent properties  of  the  two  acids.  But  I  consider  my  expe- 
rimentH  on  perfectly  pure  and  crystallized  acetic  acid,  aa  proving 
decUively  that  its  atomic  weight  is  exactly  6*25.  Norare  (he 
cluimcters  of  acetic  acid  such  us  wouhl  lead  ua  to  believe  that 
it  contains  more  hydrogen  than  succinic  uciil.  It  is  as  little 
liable  to  decampo«ition  by  heat,  and  yields  less  oil  when  dis- 
tilled in  combination  with  a  base,  than  succinic  iicid. 

The  moroxt/lic  acid  obtained  by  Klaproth,  from  a  nalinO' 
exudation  on  tlie  bark  of  the  Morns  alba,"  possesses  ihc  charac- 
ters of  succinic  acid  so  exiictly,  that  there  seems  no  reason  to 
hesitate  about  referring  it  tu  that  acid.  From  the  experiments 
of  M  M.  I^canu  and  Scrbut,  it  appears  that  suuiinic  acid  exbts 
■Iso  in  the  turpentines  that  exude  from  iir-t 

Succinic  acid  being  high  priced  is  ofien  adulterated,  some- 
tiines  with  tartaric  acid,  sometimes  with  hisulpliate  of  |>otUKh, 
an<l  sometimes  witli  uU  ammoniac.  If  we  hcAt  a  little  of  the 
pure  acid  in  a  platinum  or  silver  spoon,  it  is  vohitilixe<l  witiiout 
residue  ;  if  it  contains  tartaric  acid  a  quantity  of  eharcuul  will 
rem^n;  if  il  contains  Imulphate  of  potasli  a  salt  will  remain; 
and  Sill  ammoniac  is  detecleil  by  the  ammoniucul  smell  emittcil 
when  the  t^iiccinic  acid  is  mixed  with  lime. 


I 
I 
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SEcnoir  xiT. — or  benzoic  acid. 


Dlr.ll. 


Benzoin,  or  Renjatniti,  as  it  is  Komptlmos  called,  is  a  kind  ttMuy. 
Frr*)ii  linm^lil  from  die  Eawt  Indit-s;  obtaini'il,  iici-onlin^  to 
[llr.  Ilryninlcr,  from  ihc  stynix  bciiaoc,  u  tree  whicli  grim-sin 
iftJuiil  of  StiRuitrn.  Tkis  Hubstancc  consisU  piuily  of  n 
bch),  dtfscribtH)  as  long  a^o  as  1608  by  Blaise  de 
enere,  in  liU  Treatise  on  fire  and  salt,  under  tbc  name  of 
n  t^bcnsoiHt  because  it  was  obtained  by  Hublimution ;  but 
tunr  denominated  benzme  acid. 
The  usual  method  of  obtaining  this  avid  is  to  {itit  a  quan-  Pnpuvon 
[tily  of  bensoiii,  coiuiM-ly  jMwdtrcd,  into  un  earthen  pot,  to 
leorer  the  moutliof  the  pot  witliaconeof  thickpaperrand  then 
I  Id  apply  a  very  mtKierale  wind  IiimL  llii-  benzoic  und  in 
[inbUinttt,  aiid  iittadicf  itnclf  to  th<;  paper.  This  roetliod  wiw 
Pledimu  and  difficult;  it  being  hardly  possible  to  prevent  the 
from  scorching  the  benzoin,  and  votatilizing  Mtme  empy- 
itic  oil,  which  soils  and  injure;*  tlie  iicid  sublimed.  Neitman 
jioM'd  moistening  iho  bunzoin  with  ulcoltol,  and  distilling  It 
I  a  retort  n-ith  a  low  liKtt.  The  actd  eomes  over  inimeiHutely 
'  the  iilcohul,  [Kirtly  in  crystals  and  partly  of  tlie  consistence 
rr.*  (ieofTroy  nscertained,  in  1734,  that  this  acid  may 
'Wobtnim'd  by  digesting  benzoin  in  hot  water.  A  |>ortion  ia 
taken  up.  which  ia  deposited  in  crystals  as  the  water  cools. 
Scheeie  puldislied  a  diifefcnt  mctliod  in  1775;  which  being 
■■ler  aiid  more  productive  tltun  any  of  tiio  preceding,  ia  now 
prrftired.  lliis  proccM  a  as  follows  :f  Upon  four  parts  of 
■Balack«'<l  lime  pour  twelve  parts  of  nittcr,  and  after  the  cbuUi- 
doa  is  over  add  !)f{  parts  more  of  water ;  then  put  twelve  ]uirt8 
of  finidy  [Miinded  benxoin  into  a  tinned  pan ;  pour  upon  it  first 
^abeut  six  parts  of  the  above  milk  of  lime,  mix  them  well  together, 
thus  flticce»ively  add  the  rest  of  the  mixture  of  lime  and 
rr.  If  il  he  |>ouTed  En  all  at  once,  the  heincoin,  instead  of 
dng:  witli  it,  u-ill  coagulate;,  and  run  togetlier  into  a  mass. 
ab  mixture  ought  to  be  boiled  over  a  gentle  fire  for  half  lui 
r,  witli  constant  .igitation;  then  take  it  from  tlie  fire,  let  it 
gd  quiet  for  an  hour,  in  order  that  it  may  settle ;  pmir  oif  the 
iiatent  limpid  liquor  into  a  ghuis  vessel.  Upon  the  remain- 
in  the  \mn  jiour  06  parts  of  pure  water ;  boil  them  togetlier 
rhulf  an  hour,  then  take  it  from  the  fire,  and  let  it  settle ;  luld 
Bupernatent  li<itiur  to  die  former ;  pour  upon  the  residuum 
mure  nnitcr,  boil  it  as  aforesaid,  and  repeat  the  same 

•  Keuman's  Cbcinieiry.  p.  SM.  f  Schcele,  i.  Ili4. 
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process  oiioo  tnorv.  At  last  put  itU  the  rcsiduunw  upon  ii  filt«ri ' 
ftnd  pour  Lot  water  seveml  times  upon  them.  During  this 
process,  the  calcareous  earth  combines  willi  the  acid  of  henzoiiit 
and  separates  it  from  the  resinous  pnrticles  of  tJiis  sulMtuiice. 
A  small  quantity  of  the  renin  is  dissolved  by  the  limc-w.iter, 
whence  it  acquires  a  yellow  colour.  All  tliesc  clear  yellow 
leys  and  decoctions  are  to  be  mixed  toj^etlier^  and  boiled  down 
to  twenty-fnur  piirtt,  which  ure  tlu-n  to  he  strained  into  aiiothef 
glass  vessel.  After  they  are  ^own  cold,  niuriutic  aciit  is  to  be 
added,  with  eonslant  stirring,  till  there  be  no  farther  prcopita- 
tion,  or  til!  the  mass  taste  a  little  sourish.  The  benaoic  acid, 
which  was  before  held  in  solution  by  the  lime,  precipitates  in  { 
tlie  form  of  u  fine  powder. 

This  process  of  Scheelo  gives  1}  of  ben^toic  acid  from  10 
parts  of  bozoin,  Tlie  jirocess  of  Stohe  is  still  more  productive. 
By  means  of  it  we  may  obtain  1*8  of  acid  from  10  of  bentoiu. 
But  the  expense  of  the  process  would  in  tliis  country  l>e  too 
great  It  is  as  follows :  Dissolve  one  port  of  beiiicoiu  in  threu 
parts  of  alcohol:  put  it  into  acnicible  and  neutralise  it  exactly 
uHihcarbonate  of  soda,  dissolved  in  a  mixture  of  eight  parts  water 
and  three  parts  alcohol.  Then  add  two  parts  more  of  water* 
and  distil  off  the  alcohol.  Decant  the  aqueous  liquiil  reinitin- 
ing  in  tlte  retort  from  ofT  the  reun  which  will  have  prcci|]ttated, 
and  waslt  this  re^n  with  pure  water.  Decompose  the  benzoaia 
of  mxta  contained  in  this  liquid  by  sulphuric  acid.* 

Mr.  Hatchetl  has  observed,  that  when  benzoin  is  digested  to 
sulphuric  acid,  a  great  quantity  of  heautifitlly  crystallized  hc»> 
zoic  seid  is  sublimed.  This  process  is  liie  simplest  of  all,  and 
yields  tlie  acid  in  a  state  of  puritj; ;  it  chums,  therefore,  the 
attention  of  manufactureni.f 

Itonxoic  acid,  thus  obtained,  is  a  fine  light  while  elaatia 
body  in  fine  needles,  which  is  not  brittle,  but  has  rather  a  kind 
of  ductilit}'.  Its  taste  is  ^wect,  hot,  and  somewhat  hitter.  Its 
odour  is  slight,  but  peculiar  an<l  aromatic.^  It--*  specific  gravity  ^ 
is  D-6i>7.$  It  hardly  uflvct^  the  infusion  of  violets,  but  it  reddens  ■ 
tliat  of  lumsol,  cspeciulty  when  hoL||  < 

Heat  vuliitilixcs  tlits  acid,  and  makes  it  give  out  a  strong 

*  Btrlinisrhcr  Jaiirbiich  dcr  Pliurmacie,  xxr.  1, 75> 

f  IlaichttC'i  Additional  Experimeiita  on  Tannin.    Phlt.  Trsni.  IMS. 

I  Tiiia  odour  ii  owing  to  a  atnatl  [iorlii>n  of  uomHtic  oilahtcliadkercal 
the  Hcid.  It  hna  been  obtained  without  any  uncll  by  Oieae.  See  Rii 
Mag.  xiv,  331. 

S  IlHKnfnitx,  Ann.  <\e  C3iim.  xxviil.  11. 

g  Morraau,  Encyc  MelliaiL  Chiin.  i.  U. 
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«iliiwr,  whicli  excitOB  cougliing;.    When  exposed  to  ttie  heat  of 

.  die  blow-pipe  in  a  silver  tipoon,  it  meiw,  b<-<^tnes  as  fluid  m  - 

I  vaUT,  and  evaporalM  without  taking  fire.    It  only  burns  when 

I  hi  (.-outact  wtUi  tlame,  and  lliun  it  leaves  no  re'siduum  behind. 

Whwti  tlirowii  upon  btiming  conJs,  it  rises  in  a  white  smoke. 

Whru  nllowrd  to  cool  after  being  melted,  it  liardens,  and  a 

iTaiBati.'d  crust  forms  on  tit  surfecc*     When  ilUtitled  in  cIo«c 

els,  the  greater  part  of  it  siiblimcH  unaltfted,  but  some  of 

b  decomposed.     This  portion  is  converted  almost  entirely 

into  oil  and  carburelted  hydro^n  gas. 

This  acidic  not  altered  by  exi>o«ure  to  the  air.    Two  hundred 
I  pvtii  of  cold  \t-ater  dissolve  I  part  of  it  ;■{-  but  1  part  of  it  dls- 
•olrn  in  34^  parts  of  boiling  water4 

II  couhineB  with  Ikucs  and  fornix  wits  knnwii  by  the  name 
^^iaaoaleJi.  Tlic  idkuline  ben2oates  are  soluble  in  trater.  So 
Eve  the  benxoatea  of  barytes,  atrontiaii,  and  magnesia.  ThoAe 
ralunina,  yitria.  and  lime,  are  hut  sparingly  soluble.  1'hc  only 
kuMnllic  nUtA  which  fonn  iruuiluble  prei-ijii tales  wlicn  mixed 
jirith  iMrnzoateof  ammonia  unithoso  of  iclhirium,  mercury,  and 
iofiron.  Tellurium  and  mercury  nre  precipitated  white; 
niBtige.  BerzeliusJ  has  proposed  benzoate  of  ammonia  afl 
I  r^tcellent  agent  for  precipitating  iron  aiul  separating  it  fram 
^Mhsr  bodies  with  which  it  may  be  untied.  From  the  experi- 
■ti  of  Hlsiiiger  thA  method  uppeare  to  be  a  good  one,  pro- 
1  Uw  iron  be  in  the  state  of  peroxide  aJid  the  liquid  contain 
lof  acid.  II  1  have  been  in  the  hahitof  using  it  in  iuialyse* 
aeretal  years,  and  find  it  to  answer  the  purpose  perfectly. 
Concentrated  sulphuric  acid  distolves  hen^oie  iicid  without 
^bcM,  or  any  other  elmiige,  except  becoming  somewhfkt  brown  : 
Iwbra  watar  is  poured  into  tfa«  aolution,  the  benzoic  acid 
I  ■epAniti-s,  and  coagulates  on  the  surface  without  any  alteration. f 
Nitric  af  id  presents  precLsely  the  wune  phenomena,  as  docs  ulso 
llbe  mlphuTOua  acid.  Neitlier  tlie  muriatic,  nor  the  phosphuriG 
LacUa,  diwwlve  it.  Acetic  acrid,  wlwn  hot,  diwolves  it  prcciM'ly 
fa»  water  dom;  but  it  erystaliixes  agiun  when  the  acid  coub.** 
Alcohol  dissolves  it  copiouidy,  and  lets  it  fall  on  the  addition 
'«f  wat«r.ft     Boiling  alcoliol  lakes  up  its  own  weight-H    One 


CJwI. 

DiT.  a 


*  lichlcnaUnii. 

t  Buchob,  Ochlcn's  Journal  liir  die  Chemie,  I'hysik  anil  Hineralogi^ 
[(.340. 

I  BacKolz,  Sad.  {  A/hamllinsar.i.  171.  ||  Ibid.  lU.  liS. 

1  UdmmiMB.  ■■  n>id.  tt  Ibid. 

It  WcoMl't  Vcmndurtmn,  p.  30S. 
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iiuiulrwi  part*  of  cuU)  iibsoliitc  alcohol  iii*s«lve  scarcely  56  paru 

of  benzoic  acid.* 

Tlib  acid  is  sometiRie!)  iiaed  as  a  medicine,  but  much  1cm 

frecjueiilly  than  formerly. 

1  have  shoHTi  by  exiH^rimeiiti,  wltich  I  consider  as  decisive, 

tliiit  tlie  atomic  weight  of  benzoic  acid  is  la.^    Berzelius  suk- 

jncted  it  to  analyab,  and  obtained 

Hydrogen  ,         .         .  5"ltt 

Carbon  .  .  .  74-41 

Oxygen  .         .  20-48 


100.  t 


Tlieae  proportions  correspond  witli 
0  atoms  hydrogen 
15  atoms  carbon 
a  atoms  oxygen 


Aim!  m  these  atoms  give  the  true  atomic  weight  of  tlie  aeTif, 
there  can  be  no  doubt  tliat  tliey  represent  it'*  constituents; 
though  iti  wlial  way  ihcsi-  utomti  arc  amuiged  wc  have  no 
accurate  conception. 

Chemists  had  long  suspected  that  an  acid  could  be  obtaincil 
from  tallow,  on  account  of  the  acrid  nature  of  tlie  fumes  wliich 
it  emits  at  a  high  temperature ;  but  it  vun  M.  Orutzmacher 
who  liriit  treated  of  it  particularly,  in  a  dtss^'rUition  />  Onsirnn 
Mftlulla,  published  in  1748.$  Mr.  Rhadcs  mentioned  it  in 
1  T&'i ;  Si'giier  published  a  dissertation  on  it  in  1 754 ;  and  Crell 
examined  its  properties  very  fully  in  two  dissertations  publtskcd 
in  the  PhilosopbicAi  TranKictions  for  I7A0  and  1762.  It  VILS 
called  at  first  acid  of  fat,  and  afterwardii  arbacic  acid. 

Hut  at  the  period  when  tlicse  chemists  made  tlieir  experi- 
ments, the  characteristic  properties  of  tlie  different  acids  wer*? 
not  sul&ciently  known  to  enable  tliem  to  di!>>tiiigimh  acids  from 
riieh  otlicr  witli  precision.  Thciiard  exumintil  the  subject  in 
1801,  tried  all  the  processes  of  Crell  and  Guyton  Morvwm,  and 
found  tJinl  the  acids  procured  by  lliem  wen-  either  acetic  or  thi" 
acid  employed  in  tlie  process.  I'henanl  found,  however,  that 
a  peculiar  aciil  was  formed  <luriiig  the  distillntion  of  tillow.  To 
it  lie  consigned  the  uppelbtion  of  xcbeuiic  and.  The  expertments 

•  Buchob.  Wrnxel'H  VerwsiultschaCt,  p.  308. 

t  Pint  Principlcf,  U.  141.  |  AonaU  of  Philo«oph]r.  t.  lai. 
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of  Aim  ch«inut  n-pre   repeated  in   1604  by  Mr.    ItiMP,  who     Otmt. 

•falninod  >iimilnr  n-siilu.  and  conlitmed  all  tlit?  obflLTvatinn-t  o{  ' 

ibeFrencU  ()Uili>«plier.*  Tlio  sulijecl  soon  after  was  rct^unicd 
\>f  Rerxelms,  who  in  an  eliiliurati!  diwte  rial  ion,  puMuIieil  lit 
Id06,  proved  thai  the  si-huric  acid  of  Thcniiixl  is  nothing  else 
ikui  benzoic  acid  contaminated  with  some  unknown  sub«iance 
iWrireH  froRi  the  fat,  which  alten  aome  of  ifa  properties,  but 
from  which  it  nitty  l>e  fn-vd  by  propi'r  priN:iitiliitnii.t  Tlu'rv 
doM  not  tlivrffori'  rxinl,  a«  far  lu  wv  know  al  pnisunt,  any  ucid 
lu  which  tiio  name  of  acbacic  belongs. 

8SCTION  Xr. or  CttOOONIC  ACID. 

Thin  acid  was  diwovcrcd  by  yt.  Leopold  Omolin  while  a^*t% 
pn!parin;r  potaviutn  hy  Bninner't)  proceas.  of  whidi  an  account 
hm  liecn  ^veo  in  the  first  vitbitac  of  thtH  work  (|i.  •tOO). 

During  tJie  whoh^  pri>ci!««  of  prt'purini;  potaMHiuin,  by  cxpoKing 

cWrt-d  crrnin  of  tartar  to  a  strong  heat  in  an  iron  holtlp,  tlu-rp 

off  a  combustible  gas,  the  nature  of  wliicb  luis  not  been 

liiird.     It   K  accompanied  with  a  doiidy-loolcing  body, 

whtefa  ^rwlually  Arnns  a  |rTny-coh>uTiil  dcposite  in  the  tube  of 

appou^tiM.     There  is  much  of  tlit«  gray  matter  also  in  th« 

•abvtunw.  which  chokM  up  tlie  iron  tube  of  the  appara- 

■nd  abo  in  wlml  unmvn  over  into  the  coppiT  receiver,  but 

i|  with  |»otBwiuni  aiid  duLrcnal.    Thix  gniy  matter  dlMotvfls 

great  measure  in  tvalcr.  and  llie  Aolution  has  a  yellowish 

colour.      If  it  be  expiisi'd  In  Npontiineoii<i  evapor.itton, 

diitinct  kinili  of  crj'stiibi  niakp  their  appeu ran et-  in  it.  'Iln* 

cotuist  of  loti}r  nee<IU<«  of  an  orange  colour,  ivhioii  eun^iitt 

aocooic}  acid  united  to  potash  ;  the  tiecond  kind  of  t-ryvlids 

CMWbl  <>r  bicarl>oiiaIe  of  polaiOi,  coloureil  yellow  probably  by  a 

itilp  crooonic  aciil. 

The  neat  wan  wixmilwi  from  the  croconnle  of  potiub  by 

ting   it   (ri-»iu(V(l   to  a  fine  powdrr)   for  wmii-   hoiir<   tn 

litt«  idciiliul,  holding  in  soluiion  a^  mncli  ^•'Ulphurtc  aciil  nn 

ju>t  suSicient  to  mlurate  tlie  potash  containe<l  in  the  salt, 

hulpliatcof  poLiah  remained  umliasolved,  while  tliv croomic 

ill  wa*  taken  up  by  the  alcohol. 

TIiP  light  yvlluw  aJeohnlic  solution  beiug  evaporated  on  the  ri»ivni.i. 

T  bitlh,  left  the  rroconic  aciil  in  the  Klut*'  «f  a  tine  lemon 

How  o)>a(|ue  crust,  consisting  of  very  fine  irraimt.    It  diiMotves 

remlily  in  wnter ;  the  solution  has  a  lemon  yellow  colour,  and 

•  OaU0n*f  Jtmt.  ia.  170.  f  AfhrnidUgar,  L  170. 

It  8o  CilM  ou  aCMunl  of  hs  jellow  colour  rron  »{«>»(,  ervemt,  nfffrM, 
It.  H 
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Chip.  r.  wlicn  left  to  Kpontaitcous  eraporarion,  depo§!t«s  small  yellow- 
coloured  gniiiis  and  needles,  which  undergo  no  altemtion  when 
exposed  to  a  heat  of  212".  Tliese  cryxtal*  have  no  Hmolt. 
They  have  a  very  acid  and  sharp  Utstt!  a»  if  tliey  contained  iron, 
snd  they  strongly  redden  Utmti^  paper.  When  licateil  theyi 
leave  a  ehorconl  which  buriu  away  u-ithout  leaving  any  reftidueJ 
whatever. 

Croconic  acid  when  satnmti,H)  with  potasli  xhodtm  out  into  tbs  I 
same  needles  of  eroeouute  of  potash  from  whieli  it  was  origi-  < 
nolly  procured.  Crocoiuto  of  potash  is  precipitated  light 
yellow  by  barytcs  miter  and  muriate  of  Itarytex,  and  tlip  preci- 
pitate dissolves  readily  in  muriatic  acid.  When  the  solution 
is  mixed  with  muriate  of  lime,  and  allowed  to  standi  for  'i^fl 
honni,  itmall  li^lit  yellow  grains  of  croconate  of  lime  are  depo- 
sited which  are  soluble  in  n'atcr. 

Sulphate  of  mujpicsia,  alum,  bimuriate  of  titanium,  muriate 
of  chromium,  muriate  of  uranium,  muriate  of  manganese, 
muriate  of  cobalt,  muriate  of  nickel,  and  oulpliate  of  xinc,  when 
mixed  with  croconate  of  polasli  occasion  no  precipitate.  Itimu- 
riatc  of  antimony  and  binitmte  of  bismuth  oeca<ion  leinon 
yellow  precipitates,  redissolved  by  an  addition  of  the  ueid  salts. 
Protomuriate  of  tin  throws  down  an  oranjje  yellow  precipitate 
from  croconate  of  pota»ili.  Acetate  of  lead  throws  down  lemon 
yellow  flocks  again  dissolved  by  the  addition  of  nitric  acid.  The 
solution  of  culphate  of  iron  is  rendered  Iirciwnii^h  yellow  when 
mixed  with  croconate  of  pota»h,  and  permnriiite  of  iron  by  the 
same  mutturo  becomes  black  or  gntyish-red  if  in  very  minute 
tjuaniity, 

Siilpliaie  of  copper  forms  with  it  a  green  solution,  antl  after 
some  houra  depoMtcs  »im»ll  orange  er^vsiiils  of  croconate  of 
copper.  Nitrate  of  mercury  behaves  like  acetate  of  lead, 
except  tliat  the  precipitate  is  not  so  easily  diviolved  by  nitric 
acid.  With  nitrate  of  silver  croconate  of  potash  forms  an  aurora 
red  precipitate,  which  dissolves  in  nitric  acid  witli  the  evolution 
of  a  little  gas,  and  the  solution  is  eolourleiR«. 

Croconate  of  pntasih  dissolve*  in  nitric  acid  with  rffervescenc 
But  the  itcid  is  not  destroyed,  it  is  only  idtered  in  its  qualities; 
for  on  evaporation  no  saltpetre  is  obtained,  but  yellow  crj'Btala, 
difTerinfr  in  some  respects  from  croconate  of  potash.  Clitorine 
seems  to  act  in  the  same  way  a-t  nitric  acid.  Hut  ioilinc  does 
not  seem  capable  of  nltering  its  properties. 

The  croconate  of  potash  was  subjected  towuUysts  by  GmeUn, 
iiud  found  a  compound  of 


don 

neofl 
ies^l 


A 


GAIXIC  ACID. 


99 


1  atom  croconic  add 

1  atom  potash 

2  Btanu  water 


7-876 

a 

3-85 


CfaMt 

DI>.tL 


!  Wbile  his  analyvui  of  Utc  aviil  by  lieaUiiig  it  will)  oxide  of 
nipper  gnvc 

Carbon                     .  .  .  2»>e0 

Oxygen                    .  .  .  25-64 

Hydrogen                .  .  .  0'\& 

f  Tills  oorresponds  nearly  with 

I  atoni  hydrogen  .  .  0-125 

6  atonu  cariMHi  .  .  3*75 

4  alopwi  ox^'Ki'Ji  .  .  4 


7-875 


ISo  tW  according  to  tliis  analysis  the  atomic  wei^^lit  of  croconio 
id  u  7*873.  I  tliiiik  it  prvlxiMe  from  Gmolin's  experiments, 
at  crooonie  add  ooniaiiM  no  hydm)rcn,  but  is  a  compound  of 
i  otuuw  carbon  and  4  of  oxygv'n,  lutd  that  its  atomic  weight  is 
^'75.  I  iUt«mpt«d  to  determine  the  atomic  weig^hC  of  this  and 
■"  double  dfcom position,  But  the  experiment  was  upon  too 
a  scale  to  be  decisive.  So  far  as  it  went  it  was  &vour- 
to  the  notion  that  the  atomic  weight  is  7*75.* 

semoN  XVI, ^ — 'OF  oallic  acid. 
There  ia  an  vxcrracence,  known  by  the  name  of  nutgall-,  hiu^t. 
rhich  gmwH  on  M>ine  species  of  aides.  This  substance  eorilaiiis 
,  [leeiili^U  iin<l,  called  from  that  cdrcumstance  ijallie  acid :  tlie 
pr<^eTties  of  which  were  firM  examined  with  iittentiiai  by  die 
iLtMODeni  of  the  Academy  of  Dijon,  and  tJie  result  of  tlieir 
ricneuU  was  published  bi  1777,iu  the  tliird  volume  of  their 
pmi'Hls  of  t'licmistry.f  In  these  experiment*,  however,  they 
Dpkiyed  the  infusion  of  galls,  in  which  the  ncid  is  combined 
ith  tannin.  It  was  rejiervod  for  f>cheele  bo  obtain  it  nearly  in 
>  ttate  of  purity. 
X.  He  observed  In  an  infusion  of  gulla  made  with  eold  water 
Jimeiit,  wlitdi  proved  on  examination  to  have  a  crystalline 
anil  an  acid  taste.  Ity  letting  an  infusion  of  gulls  remaiu 
.  long  time  exposed  to  tlie  air,  and  removing  now  and  then  the 
nooldy  skin  which  formed  on  itit  surface,  a  large  quantity  of 

•  8m  (hnrihi'i  paper  in  Poggendorf*!  Aiiiulen,  \i.  31. 
t  Vol.  lii  p.  44MI. 
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**^'*    this si'diment  was  ohtainfd ;  which  being  rdiileorntcd  with  col 
water,  rt'Hiwnlvod  in  hot  waU-r,  filtrated  luiil  ex-aporated  rery 
slowly,  yiflileil  nti  iu-id  «iU  in  crystaU  as  fine  as  '»nd.* 

Dcyciix  has  proposed  a  inticli  speedier  method  of  ohtnining 
gullic  jieid  if  but  it  docs  not  succeed  without  n  f;ood  <)eal  of 
precaution.  It  cnnsista  in  fixposiii^  |)ounded  nut^pills  in  a  lar|re 
glass  retort  to  a  heat  cautiously  and  slowly  raised.  A  number 
of  brilliiiiit  white  crystalline  plates  are  sublimed,  wliich  possess 
all  the  pro]>(>rties  of  gallic  acid,  ('are  rnu!>t  he  t-iken  not  to 
apply  too  ffrcat  a  heat,  and  to  stop  the  proec**  hefore  any  oil 
beijins  to  come  over,  othcrn'isc  the  crystids  will  be  Tcdissolved, 
and  the  whole  l.thoiir  lost. 

M.  Braconnol  lias  miifrived  anotlier  process,  which  ap])earA 
to  l>e  both  more  economical,  and  more  elTectunI  than  either  of 
the  prcct'dinK  ones.  It  is  merely  an  improvement  of  the  pro- 
cess of  .Scheele,  and  is  us  follows : 

Two  hundred  and  fifty  grammes  of  nutpill»  were  infii*ed  for 
four  days  in  a  littre  of  water  (nearly  half  a  pound  avoirdupois 
of  nut|^nlls  in  a  wine  quart  of  wafer),  taking  care  to  agitate  the 
mlvture  from  time  to  time.  The  whole  was  then  ."queezed 
Ihroiigli  a  cloth,  and  the  liquid  pasM'd  through  a  filter.  It  WM 
then  left  in  an  opi-n  gliwa  deeauter  from  Jidy  'J'J  t«t  .*^pteml)cr 
SS,  or  two  months.  Its  bulk  had  not  sensibly  diminished  ;  but 
it  hud  deposited  a  considerable  quantity  of  crystals  of  gallic  acid.' 
TliCse  were  separated  by  squeezing  the  liquid  tiinmgbaclotli. 
The  liquid,  when  evaporated  to  iJie  coiiKisti-iicc  of  a  synip, 
deposited  an  additional  quantity  of  crystals  which  were  separ- 
ated in  the  same  manner.  The  residual  matter  of  the  nutgalls 
from  which  the  infutiiun  had  been  procured,  when  moHteneil 
with  water  and  left  to  spontaneous  fermentation,  yieldeil  an 
additional  crop  of  crystals  when  treiitc<l  with  hot  water.  So 
tliat  nutgalls  when  properly  treated  may  be  made  lo  yield  the 
fifth  part  of  iheir  weight  of  gidlic  add. 

IJy  tlii'oe  different  processes  M.  Rraconnot  obtained  62 
grummet)  of  gallic  acid,  still  coloured  and  mixed  witli  nit  iiiso-< 
lublc  powder.  It  was  boiled  with  I R  cubic  inches  of  water, 
■nd  filtered  while  bailing  hot.  The  liquid  on  cooling  deposited 
40  grammes  of  crysiahi  of  gallic  aci<!  of  a  yellowisli-wliile  colour.' 
The  mother  water  was  brown,  and  when  properly  evapomi^d 

•  tJuckKuliii  Tn>n».  176(1.— The  crjxials  olxsinei)  by  this  method  nlwajrt.'' 
coiWain'^ portion  o(  tannin,  nnit  ate  ot  >  brow  ii  culuur. 

f  UHBk-ltiod  utta  in  liicc  J»co*cr«J  by  iichecic ;  but  Dcji-ux  reptatcal  it, 
uiiiMfed  out  the  proper  (jTcraution*.  KmOvII'*  Annuls,  i.^it.  Eiig.TmiM. 
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yieJilerf  10  giammw  more  of  crystallized  gallic  arid,  darker 
cokMUvd  tluut  the  first  cryslak.     To  free  these  cryHUlM  entirely 
atourin^  ruulti^r,  tLcy  were  mixed  with  oiuhi  times  their 
of  wuttT,  ant)  about  tlie  fifth  of  their  wi'ight  of  ivory- 
lUid  the  mixture  was  kept  for  »buul »  quarter  of  an  Iiour 
:  the  tmiljji);  t«inperalure.     It  vma  thon  filti-re4l  u'liite  hot ;  on 
jling  it  ivncr^'twl  into  a  iniws  of  [K-rfetily  white  t-rystjilit  of 
acid,  which  were  M'|>»ralvd  from  the  liquid  by  [>rMaiure 
I  ft  rlutb.  ■ 

Osllic  acid  obtaiued  by  tlm  la»t  proceiM  i«  tivarly  pure,  and 
nuy  Itc  freed  from  tlic  Umniu  whicli  still  adheres  (u  it  by 
1>Uiikation. 

When  thus  obtained  it  i»  mow  white,  and  is  in  unall  eryittals 
'  B  foliated  fraciun!.     'I'lu-  i^luipc  of  the  crynlals  i<i  iiHiiiilly 
rectangubir  priiim,  or  a  tlut  rociiuigiiLir  i>[iiU-  like  iiiicii. 
Brooke  descril>cs  i(  as  a  doubly  oblique  prLsin.f     Bui  it  iit 
rideut  from  bis  own  descriptions,  ilmt  liic  Mn  M,  M'  of  his 
>  art)  inclined  to  each  other  at  ligLt  tingles,  ho  tliat  the 
maat  t>e  rectangular  and  imt  oblique. 
Tbe  lastv  of  Hubliinctl  gallic  iiciil  is  bitter,  and  it  leaves  in 
moatli  on  imprunsioii  of  Hwectness.     It  does  not  rcddt-u 
?T  stoned  blue  with  litmus.     The  ucid  obtuutcd  by  Bra- 
DBnot'a  process  has  a  tiour  taste. 
It  u  aoluble  in  1(  porta  of  boiling  water,  and  in  12  parte  of 
ild  water.      When  this  noIuIiou  Is  heated,  tlic  arid  uixlergaeH 
nrry  Kpcedy  dccompOHitiun.     Alcohol  diKioIves  one-fuurtli 
weight  of  this  arid  at  tb«  temperature  of  tlie  atmosphere, 
ben    Ixiiling-hut,  it  dissolves  a  qiiantily  i^qwil  to  it^  uuii 
jlit.    It  Unulublealsoiii  ether.   The  solutiuusarecoluurk'M. 
Uallie  add  in  crystals  is  nut  altered  by  exposure  to  tlic  air. 
Iter  oiygeu  gun,  the  simple  oumbuti tildes,  nor  luoti.*,  tieem 
re  any  particuhir  action  on  iL      When  tJie  solution  of  tliis 
iu  water  is  ex{K)Ke<l  to  tlie  air,  it  giadunlly  acquiresa  bronn 
and  the  acid  Im  deslioyed;  tbe  aurfuce  of  tlie  liquid 
ecoDiing  covered  with  moiitdinesi. 
It  combines  witlt  alkaline  bodies,  separating  the  carbonic 
id  if  tlicy  were  in  the;  ntat*^  of  tarlioiiatee.     The  compounds 
[formed  have  received  the  name  of  gallatea;  but  hitherto  Itave 
tly  beea  examined.     Indeed  tliey  may  ho  siid  not  to  exist. 
For  boMB,  M  has  been  shouii  by  Mr.  .Sertiirner,  have  tliepro- 
Fperty  of  acting  on  gallic  acid  and  speedily  de composing  it.( 

•  Aaa,  lie  Cfaioi.  ct  Je  i'hyi.  ix.  ltd.     t  Aanula  uf  I'liilooo^jb},  vl.  I  Itf. 
t  8d>— iagtt'i  JovrasI,  iv.  410. 
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«"»k  <•  Whcu  nitric  acid  U  poured  on  tliw  acid, »  brbJc  efferrescence 
tiikus  ptacv,  heat  is  cvolvwl,  mid  llie  ncid  is  duutilvi-d  very  nptdly. 
The  §olution  litis  a  red  colour,  and  when  conci'ntrutwl,  cryxuia 
of  oxalic  acid  arc  deposited,  aiid  a  wliitv  inttolitblu  muUer  alto 
appears.  ■ 

To  a  solution  of  13' 19  gi^na  of  bicarbonate  of  potash  (coa-  V 
taiautg  H  |rraiii!i  of  potasli),!  added  H  gnu  us  of  crystallized  and 
anliydruus  gallic  aciiL  There  was  u  strong  efTervesccnce  which 
ace»mpiuiicd  tliu  solution  of  the  acid.  But  after  tlic  wliol« 
gii;i<l  was  dlsHolvcd  the  liquid  still  retained  itn  alkaline  taste,  and  fl 
rendered  cudbear  paper  violet  as  alkalies  do.  Even  die  addi- 
tion of  S  more  graioH  of  the  aci<l  did  not  destroy  the  alkaline 
nature  of  the  liquid.  The  solution  wag  at  first  colourlew;  but 
after  two  da^'s  it  bccuine  ^cen,  and  this  colour  ^niduuLly  deop* 
ened  an  much,  ibat  the  liquid  became  opaque  and  looked  like 
ink.  When  evaporated  to  dryness  it  left  n  substance  like  pitch, 
which  dissolved  with  effervescence  in  nitric  acid,  and  the  solu- 
tion was  brown.  It  is  obvimis  from  this  that  the  acid  was 
decomposed  by  tlie  action  of  the  potasli  on  it.  Accordin^y 
till!  solution  of  i^allate  of  pot;isli  in  water  does  not  exhibit  the 
cliatncteristic  properties  of  gallic  acid,  when  mixed  witli  a  solu- 
tion of  sulphate  of  iron.  h 

The  characteristic  ])roperty  of  gallic  acid  is  to  strike  a  dcep^ 
blue  witli  the  salts  of  iron,  particularly  tlic  sulphate.  The  bamin, 
whiohiaanother  constituent  of  nutgalls,  possesses  the  rame  prt^ 
perty ;  but  it  has  an  exceedingly  astringent  ta»tK,  atnl  tlirows 
down  a  bulT  coloured  preeipilate  when  drupt  into  an  utiueous 
solution  of  glue.  Tannin  it»elf  «eenu(  to  poHscss  acid  qualities ; 
but  as  it  has  never  been  obtained  exempt  fix>m  gallic  acid,  it  is 
possible  tliat  it  may  owe  tliese  qualities  to  ibe  presence  of  tbaCM 
substance.  V 

tcompMiiun.       Beraeliiis  subjected  the  gallate  of  lea<l  to  analysis,  and  found 
Its  consljtueuu  tu  be* 

Gallic  ai-id  .         .  d-047 

Oxido  of  lead         .         .         14 
TliM  gives  UH  fi  for  its  atomic  wcighL    The  acJd  itself,  tub- 


I 


I 


jected  to  analysis,  yielded 
Hydro^n 
Carbon 
Oxygen 


5 
56-64 


100-00 
*  Aanol*  ol  VUUoMphy,  v.  176. 
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sjKinds  with 
3  atooia  hydrogen 
6  utotiM  carbon 
3  uUHiu  oxygen 


0-375 

4-5 
3 

7-875 
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j4BM  Bfeomic  proportiotis  give  7*873  fur  tlie  atomic  wciglit  of 
guSe  acid.  'Ciiis  U  0-1*2^,  or  uii  atom  of  liyilrogoii  le&H  Umn 
vhat  TOHilU  from  Uie  unalyKii^  uf  galliiU^  uf  lead  I  iuii  ilis{>os4Hl 
to  prefer  Uiui  Uut  luialysiit  iw  likely  to  bo  monloorrvct;  tocoii- 
nder  the  itom  of  gnllTc  acid  to  wcigit  8,  unJ  ttn  constituents 
lobe 

4  atoms  Iiydrogen         .         .         O'd 
6  utouu  carbon  .        4*3 

3  utoms  oxy^ttQ  .         .        3 

8 

DoberetJier  informs  us,  tliat  whvn  KW  parts  of  gullic  add 

i  Xmalved  in  ammonia  are  left  iu  contact  will)  oxygen  gas.  they 

I  abiiOTb  3t(-09  {larts  of  tbat  gaa,  and  are  converted  into  uimin, 

l(N)  parts  of  gallic  tkcid,  uccorxling  to  tlic  above  etttimate,  coa- 

tial  of 

Hydrogen         .         .  •<"->> 

Carbon  .         .  66-25 

Oxygen  .         .  37-6 


100 


Now  38-09  of  oxygen,  jji  order  to  form  water,  must  combine 
witli  -l'?!!  of  hydrogen.  There  will  remtun  1-G9  of  Lydrogcn. 
So  tbut  uluiin  ought  to  be  a  compound  of 

Hydrogen  .         .  1-49 

Ctabon  .        .        60'26 

Oxygen  .         .         37  "5 

ii  very  little  more  than  iui  atom  of  liydrogcti,  to  that 

ulxniii  wuuhl  appear  from  Doberoiner's  observation  to  be  a  conv> 

pound  of 

I  atom  hydrogen, 
6  atoin»  carbon, 
3  utonu  oxygen.* 


*  Cilbert'e  Aaiulcn,  Ixxiv.  (lOu 
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CDMPOUN'D  OXYCEN  ACIOti. 

FJldffic  Acid. 

I(  mity  t>c  |>roi>cr  to  rtutictr  hnt  »  !>utHlaiice  wbicU  Rracon- 
not  has  cUiitinguislird  by  this  vory  alieurd  iiumi*  (the  l-'reudi 
word  ffalte  iiiverlcd).  It  possesses  imperfectly  ncM  propertint, 
uiiii  was  extraetod  from  niil^tls  at  the  siime  time  with  gailic 
Dcid.  It  woiih)  Hppi-ar  from  u  ii»tt-  of  Chevreul  tliat  it  had  been 
already  detected  by  him,  »nd  scvcnd  of  il»  projieriiea  described 
til  ihciiTticte  tannin,  puldished  in  the  ehcmind  purt  of  the  Kiicy- 
dop^ie  Mcthodiquc,  iti  1815.  liut  he  hadnot  given  itiinumrT 
aiid  does  not  sevm  to  have  been  aware  of  its  acid  propertit-s.* 

F.llagic  attd  lints  oblained  by  Bntcomiot  by  filtering  the 
Holiilioii  uf  ^kUic  uviil  ob[iiiiit!(I  fniiii  tJie  crystiilfi  u'lucti  luid 
fonned  Kpi>ntiincoiisly  in  the  infusion  df  nntgalbt.  A  powder 
rcinuitied  upon  the  filter,  wliich  WiW  elliigie  arid  mixed  with  a 
certain  quantity  of  giillate  of  IJme.  To  free  it  from  this  salt 
it  was  Ireiilcd  with  a  dilute  solution  of  pot^tsh,  which  di^solvi-d 
the  acid  with  the  evolution  of  ii  conitiderublc  quantity  of  licaL 
1'lie  solution  had  an  intense  yellow  colour,  uiid  gnuiually  let 
felt  a  pretty  considerable  quantity  of  pearl' ■coloured  ])OH'der, 
whidi  was  separated  by  the  filler  and  deeonipused  by  dilute 
muriittiv  ad<l. 

The  ellagic  acid  thus  obtained  itt  a  white  powder  with  a  slight 
oliadc  of  buff.  It  is  tasteless,  and  is  not  sensibly  soluble  ereil 
in  boiling  water.  It  <loes  nut  decompose  the  alkaline  carbonates 
even  when  aMixted  by  hi-at  Hut  it  unitCK  witli  cauHtic  mkIu 
and  pota»h,  and  dejilroyi  their  alludine  cliariieterN.  These  silts 
are  insoluble  in  wuter.  13ut  tliey  become  soluble  if  u  little 
potash  or  soda  be  previously  diNwIvcd  in  tlmt  liquid.  The 
solution  lias  a  vet)-  deep  buff  colour.  The  ellaji^te  of  lunmouia 
is  likewise  insoluble,  and  does  not  become  soluble  even  when 
an  fxcKTB*  of  ammonia  is  added.  When  this  add  is  agitated  in 
lime  wuU-r  it  He^ninitcs  the  time  from  the  liijuid.  Nitric  acid 
does  not  seem  to  net  upon  it  at  first,  but  if  we  eontirnie  the 
digestion  it  gradually  ussuines  a  blooil-reil  colour. 

Ellagic  acid  does  not  combine  with  iodine.  Wlien  heated 
it  does  not  melt,  but  bums  away  with  a  sort  of  sciulilkition, 
wiihuiil  entiiiin{(  llame.  When  distilled  it  leaves  ehuriiial  and 
prwiuccs  u  ycllnw  vapour,  whidi  condenses  int«»  traiispareut 
crystals  of  a  line  greeui^h-yellow  colour.  This  sublimate  is 
tasteless  and  iuixduble  in  water,  alcohol,  and  ether;  bu(itdU> 
soli'es  readily  in  A  Rolulion  of  potasJi,  and  coramunicutes  a 


I 


I 


*  Aao.  lie  Cliiin.  ct  Je  I'lijit.  is.  SW. 


ULUIC  ACID. 

jwhr  colour.     So  tluit  these  crystals  possess  the  same  cltane- 
Uei  OS  tli<>  ftcid  imwdcr  itaolf,* 


CUB  I. 
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BECTtON  XVII. — or  t'LMIC  ACID. 
Thi*  vcj^'tablf  sulMtance  to  wlticli  I  jjavo  liio  iiaine  of  u/mijt,  aww)-- 
ms  first  tiulicc>(l  by  KlaprotU  in  1604,  who  fuurul  il  inumuttrr 
vkich  bad  exuded  from  tlie  i>ark  of  tbv  r/m.  It  wii»  notiMrd  by 
BtndJiu  ill  1610,  in  hU  cx{)«^rim<-iil.s  on  tliv  bitrk  of  ihc  piiii;, 
•ndoa  J«i«ti)t'H  bark.t  In  tb<t  bc^iiiiiiii<r  of  the  year  1813  I 
inbUsbcd  a  set  of  rxperiinenta  on  tliis  substance.^  About  the 
■nkc time,  a  fimilnr  set  of  experiments  leading  to  itf  arly  tlu-  stunt.- 
etaeluaioiis  was  maile  by  Mr.  Sinitliaon.j  In  ll^DO,  M.  I'oly- 
im  Boulluy  pul>li.'ilieil  a  set  of  experimentK  on  it,  in  which  he 
Auwed  tlial  it  posMessed  tJte  pni|>rrtit!S  of  un  ucid,  und  thore- 
fiira  K*ve  it  tlu^  itiunt*  of  ulmic  uritl.\\ 

L'lnic  acid  apfH'tuH  to  be  a  vegetable  substance  of  very  grent 
importance.  It  nut  only  cxbtft  ready  formed  in  bark,  but  it 
■dtM  its  appeamiiee  in  a  great  variety  of  vegetuble  deoompa- 
litions.  M-  P.  Ooullay  Iiai  found  that  wlien  the  ^agai  of 
impeo,  diftM>tved  in  water,  in  lieated  with  an  alkaline  ley,  it  ia 
mavertod  into  ulmic  »ci<L  It  cotKtiliitc»  thu  essentia]  ingre- 
iliciil  of  fieat  and  of  umlier.  It  wouhl  up])ear  also  to  be  an 
■dinimblc  manurv,  or  rather  to  vunstitiite  what  is  usually 
odled  vrgrtabU  manure, 
Ulmic  acid  when  obtained  from  the  exudation  of  the  elm  by  rnipnUci. 
olviit^  the  exudation  in  water,  and  precipilaiiiig  the  ulmic 
ad  by  an  acid,  which  saturates  ilie  pouvth  with  whii-h  it  was 
rnin I li nation,  consists  uf  dark  hrowu  Qocks  almost  de*titule 
uutc  and  Hinelb  It  diswiive«  in  small  quantity  in  water  and 
IfoboL  The  solutions  have  a  brown  colour,  but  no  taste. 
U  called  musft-wuter  is  merely  water  in  wliidi  thix  acid 
vived.  M'ben  heated,  it  smgIU  and  catches  fire,  hut  does 
:  melL 

It  nimhinra  witli  the  dilferent  Iimscs  which  it  neutralizes,  and 
fonnit  compounds  aiialof^oiut  to  Halbt,  luid  whidi  therefore  may 
tw  allied  uiinata.  Tlic  iiolution  of  ulmnlr  iifpn<iifh%  in  water 
^B  a  dark  brown  colour.  Sulpliale  of  iron  pteci{i)litte»  it  hrvwR 
'  MNnetiines  tjrrnt.  All  the  acicLs  throw  doiin  the  ulmic  acid 
mturaiiug  tin-  jioiash.     Nitrate  uf  milver  throwtt  it  <]own  of 


•  Aan.  de  t^him.  «t  Ae  V^j*.  ix.  p.  187. 

)  Aiuial*  or  rhilcaotihf,  i  its. 
i  I  Ann.  (Ic  Ctaia.  m  dc  Phyn.  xUii.  VT3- 
;  i  TU>  hIi  eoiutiCDtci  the  usual  cxuiluion  from  the  ctoi. 


f  AriunUlln^-Hr.  iii.  347. 
$  PhiL  TfRiM.  ItfIS,  p.  M. 


106  COMPOUND  OXYGEN  ACIDS. 

a*K  t    a  beautiful  red.     Nitrate  of  lead  and  sulphate  of  copper  give 
precipitates  approaching  to  black. 

M.  P.  Boulky  analyzed  some  of  the  ulmates,  and  found  their 
composition  as  follows : 

I.  Ubnate  of  aUfoer. 
Ulmicacid       ,         .         .         36-87 
Oxide  of  silver  .         .         14-75 

2.  Ulnmieofkad. 
Ubnic  acid       .         .         .         SS-ia 
Oxide  of  lead  ...        14 

3.   Ubmate  qf  copper. 
Ulmic  add       .        .        .        42-61 
Oxide  of  copper        .         .         5 
These  analyses  give  different  numbers  for  the  atomic  weight  cf 
ulmic  at^d.     Boullay  considers  the  analysis  of  ulmate  of  cc^per 
as  the  most  exact.     According  to  it  the  atomic  weight  of  ulmic 
acid  is  42-61. 
c«ap«moa.       He  subjected  ulmic  acid  itself  to  anal^is,  by  heating  it  witk 
oxide  of  c(q)per,  and  obtained  for  the  constituents 
Hydrogen  .         ,         ,  4-8 

Carbon      ....         56-7 
Oxygen    ....        38-5 


100-0 
These  numbers  are  very  nearly  in  the  ratios  of 

1  atom  hydrogen       ,         .         0-125 

2  atoms  carbon  .         .         1-5 
1  atom  oxygen  .         .         1 


3-625 

If  we  multiply  these  atoms  by  16  we  obtun 

16  atoms  hydrt^en     ...       2 
32  atoms  carbon  .         .         .24 

16  atoms  oxygen        .         .         .16 

42 

This  gives  us  42  for  the  atomic  weight  of  ulmic  acid,  a  number 
which  approaches  sufficientiy  near  the  number  derived  &om  tiie 
analysis  of  ulmate  of  copper,  to  give  some  probability  to  its 
being  not  &r  from  the  truth. 

The  reader  will  observe  tiiat  the  ratios  between  the  atoms 
of  carbon,  hydrt^en,  and  oxygen,  which  constitute  gallic  acid, 
are  the  same  as  those  of  ulmic  acid.     They  are  both  resolvable 


CRAHEBIC  Aan. 


I  atom  of  water  and  2  atoms  of  carbon.    But  the  atoms  in 
nic  acid  ure  tt4,  wbiln  tlioAe  in  ^lic  add  ore  only  12.    Hi^^ncv  ' 
atomic  wc^ht  of  ulmic  acid  in  5^  times  greater  tlian  tliat 
:  gallic  acid. 

Dobcrcincr  unnotuicvd  that  when  gallate  of  ammonia  is  cx- 
poawt  to  the  air  it  b  converted  into  ulnuitc  of  anununia.  But 
tkk  ia  not  likely,  the  acid  becomes  dark  coloun-d,  but  I  lind 
the  atomic  we%ht  h  scarcely  altered.* 


CtMil 


HECTIOH  XTIII. — OF  CRAMERIC  ACID. 

The  Crameria  triandra  is  a  plant  which  ve^tates  in  Pern,  nwoiT, 
Ac  nK>t  of  which  Ls  rcuuirkiilile  fur  iu  astringent  properties, 
id  ia  Mid  to  be  employed  by  the  natit-es  of  the  cuuntry  where 
grows,  M  a  m«linnr  of  ^eat  eflioicy  in  ciiM'S  of  atonic  bw- 
irrh^es.  It  is  said  to  be  brought  to  I>undoii  tn  great  qiian- 
for  the  puq)ose  of  ^ving  the  requisite  colour  to  artificial 
itatioiis  of  wine.  Tbiit  root  attracted  tlie  attention  of  M. 
Vsdiicr,  apotliectu-)' »t  Genera,  who  detect^  in  itn  new  acid, 
yiiich  he  baa  distinguished  by  the  name  of  crammc  acid. 
He  obtained  this  acid  in  the  following  manner: 

The  root  (particularly  the  hark)  was  boiled  with  waU>r,afld 
by  this  means  a  strong  decoction  waa  obtained,  whicli  hud  an 
astringent  taate,  anil  iMruck  n  black  with  sulphate  of  iron.  To 
free  it  from  tlie  tannin,  which  it  was  presumed  to  contain,  the 
deooctitm  from  an  oiuice  of  the  root  was  mixed  with  a  stoliitlon 
of  48  grains  of  gehitiue,  which  occasiotK-<l  u  reddiKh  brown 
depoaite  weighing  1'26  grains.  To  depriro  tlic  decoction  of  its 
ralouring  matter  and  of  iu  gallic  acid,  which  it  still  contained, 
200  grwns  of  Milphate  of  iron  were  added  for  every  ounce  of 
the  root  employed  in  niukiii}r  tlie  decoction,  and  tlie  liquid  U 
Ifaen  diluted  with  7  or  8  pounds  at  water,  and  filtered.  By  this 
IS  it  is  rendered  nearly  colourless.  It  h  then  boiled  nntb 
nlficient  qu.'inlity  of  chalk  tn  decompose  all  the  sulphate  of 
which  it  litill  relaitix,  an<l  to  wturate  the  eroroeric  acid 
nt  in  It.  The  wliole  liquid  is  now  |>a»sed  through  the 
iter  and  coneentrated  to  the  requisite  degree.  The  liiiio  !-■<  to 
thrown  donii  with  carbonate  of  potash,  and  the  cmiuerute  of 
putaxh  in  precipitated  by  acetate  of  lead.  The  cnimcmte  of 
lead  being  profH<rly  wiuiih^'d,  is  ileronipu<<ed  by  a  current  of  sul- 
pkaretted  hydrogen  gas.  The  liquid  btring  filtered  and  eva- 
porated to  the  requisite  cousistcttcy,  nothing  remains  but  a 
lution  of  cnuncric  acid  in  water. 

•  See  p.  103. 
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CUMIMUND  OXYUEK  ACID& 

Cramcncaoidtfausobtain^hasa&trongacid  tastp,  and  leavct'^ 
upon  tliL-  itiiigii«  n  peculiar  styptic  sensadoi].     It  cannot  be 
nuulc  to  cry«t<i)lu«.     It  lnn  no  action  upon  tin:  .talb  of  Ume  aitd  _ 
magncsiii,  but  it  (l<-cumpoecs  <tll  tho  stilit  of  liiiryti-n  and  strott-fl 
tifui,  forminjE;  tn-o  salts  n-itli  rach,  u  Htipcr>aiU  which  i^  so!iiblo» 
and  a  subsatt  wUicU  is  insoluble  in  water.    Craineratc  of  barjlcs 
is  not  decompo§e<l  nor  altered  by  sulphuric  add.    So  that  cnknto-l 
ric  aoid  hitR  a  atruti|^r  affinity  for  barylcs  tlian  sulphuric  iidd4 
has.     It  liirovvn  itnwu  the  salts  of  lead  white.     Cramcrulc  ^iti 
potash,  sod.-!,  aiiimonia,  lime,  and  bnryteH,  throw  down  tliv  sdta^ 
of  iron  yellow.    It  has  no  wuKible  action  oit  tliv  oilier  mvtalUne  j 
salts. 

Ciamerate  of  potanh  cryntallizcs  in  ox-sided  prisms. 

Cramerale  <>f  hchU  furinfl  large  crystals,  luivuig  tlic 
sliape,  utiil  elflore^citig  wlicn  oxpoHcd  t4)  the  air. 

Cnuncnite  uf  uininoiiia  yichl^  ft^athc^-«haped  crystals. 

All  iJiCM.-  Htttl«  urc-  iiiaolublv  in  alcohol.     'I'bey  have  little^ 
iMte,  and  when  tb-own  iitto  a  «alt  of  buryle*  tWy  occasioD 
precipilatc. 

Such  utv  the  properties  of  cntmcric  acid,  pointed  out  by  M<  j 
Peschier.     They  will  require  to  be  verified,  and  1  suspect  rcH^j 
tifictj  ta  st-verul  points,  before  the  peculiiu'ityof  tliis  acid  be  fiiUjr 
dcinonslrulcd,  and  ii«  ciianicti^rs  iiccunttcly  ilcteiiniiied.' 


1 

Jy" 
!>lisbed| 


StCTIOJJ  XIX. — OF  KINIt  ACID. 

Mr.  DcHchatnps,  junior,  an  apotliecary  in  Lyons,  publia 
a  method  of  cxlracLnijf  iVom  yellow  Peruvian  bark  a  iieculiBT 
salt,  to  which  the  phjnicians  of  Lyons  ascribed  the  febrifiigv 
properties  of  that  bark.  Mis  process  was  very  nimple ;  tJie  borit 
was  maceratul  in  cold  Witt4-r,  and  the  infusion  cuncenlniled  by 
evaporation.  U  w<v  llicn  wl  aside  for  sunit-  time  in  an  open 
vessel.  'I'he  crystals  of  the  salt  gradually  formed  luid  sejiaruttidtfl 
and  tliey  wen-  purilied  by  repealed  cr^T^tallixutions.  From  iOO 
piirt*  of  ibe  bark  about  7  pai  Is  of  tlttse  crystals  were  obtained.^ 

This  salt  was  examinetl  by  M.  \'auquvliii,  who  proved  it  to 
be  rompoMcd  of  lime  united  to  it  peculiar  acid,  to  whivh  he  gave 
the  name  hinict  borrowed  from  the  teim  r/uin^wiAu,  applied  by 
the  French  writere  to  tliv  baik  from  which  the  salt  was  »• 
ttacli-d. 

Descluunps'  salt  then  is  kinatt  oflimt,  M.  \'auquelin  separ- 
ated the  lifiic  from  the  kinic  acid  by  means  of  oxalic  acid. 


Sec  Jwur.  ile  I'hormatiH-,  vl.  34.        f  Auu.  de  Clitui.  xltriil.  liM. 
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IfM.  Pe1Ieti«r  and  Caventxm  obtained  it  ftoin  the  alcoholic 
tBicturc  of  K<^y  cindiAnn  by  *li«tillit^  off  the  alroh<t1  nftvr 
brinfT  nililtnl  a  «ixtti  [wirt  of  itt  w4-i^tit  h(  water,  'llie  liquid 
tenauniiitc  in  the  rrtinl  wiit  frvvl  from  tbo  fiiHy  malliT  and  the 
kcmnt  reflin  which  Imd  sqiarnlod  ditriii<;  iho  dtttiltiilinti,  and 
■w  boileil  for  some  time  with  n  ff^rvat  exevst  of  magrii-niit  nilil 
■Imo  filti-rcd.  BeiDg  ernporated  nearly  to  dryneM,  it  asNiimn) 
A»  ■ppeunuKc  of  a  mnfrimi,  which  h^iii)>;  dtirosted  in  alooliol 
Itft  S  wbite  salt  consiitioje;  of  kuialc  of  itiat;ii<^siii.  1 1  wiu  dc- 
(OBtpohed  by  lime,  and  liie  kinate  of  lime  in  ibt  turn  dccompo>M»l 
Vj  nMHU  of  oxalic  acid,  and  the  kiiiic  acid  was  obtained  in 
mmoU  by  the  reqiiisiie  concentration.* 

Kinic  ncicl  t)n»  obt-)in<-d,  when  pure,  luM  a  stmng  acid  taste  iiipmieh 
vii)u>ni  nny  liiit«-nii-vt.  'iltc  cry*Ud4  hfivf  A  gtm'l  deal  of 
n-ocmldaiK-i-  to  ilii»<'  of  tnrtnric  acid.  Thoy  arc  transiwircnt 
ni)  caloiirl(t«i(  wiil  d<-ttitiit«  of  sumH.  'nteir  spcciAe  ^mvity 
a  l-(W7.  They  are  soluble  in  alcohol.  At  the  temperature 
iif  4rt*  they  diwolre  in  2  S  limes  their  weight  of  water.  When 
Imilivl  with  starch  diiwolvwl  in  water,  they  cimvert  it  int4i  su^jnr. 
DiiUtilcd  with  alcohol,  they  form  an  elhi^  similar  U>  th»  Inr- 
tu^  rlber  of  Thenanl.  Nitric  acid  eoiiTertit  tlib>  iicid  to  the 
oxalic.  Sulphuric  acid  decotnpOMS  it,  luid  give*  it  at  first  u 
^fine  grepn  colour.f 

^b    It  contbincM  with  ba»e«,  and  forms  a  genii<t  of  salts  called 

^■AtMifrJ;    All  these  salts  iire  v>luble  in  water.    Hencv  it  liappi'ii** 

^nutt  kinic  acid  'n  not  capble  of  throwing  down  any  of  ihc  biiiscif 

when  dropped  into  sUine  Holulioni*.    In  tliu  respect  it  retwmbleH 

acrtir  arid. 

Kiiiatcfi  of  lime,  baryte*,  and  nipper,  were  analysed  by  MM.  cioraniiaa. 
iiry  and  I'ltswn,  who  found  tliem  compo«ed  tu  follows: 

I,  Kinale  t^lime. 
Kioic  acid       .         .         SS-OGO 
Lime      .         .         .  0-5 

2.  Kinate  ofbart/tft. 
Kiltie  acid       .         .         'JS-Otfl 
Barytew  .  »-5 

3.  Kinate  of  copper, 
KtHtcacid  .         'J3'46 
Oxide  of  copper      .  5 

numbers  make  it  probnhU'  lluit  (he  atomic  weight  of 

•  Anil.  Je  CWtn,  cl  il«  I'hju.  it.  3(M. 

t  llmrr  «iul  PliMon  i  Ann.  ik  Chin,  el  Uc  Pb)-«.  xli.  9ii6. 
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c><*p.  L    ktnic  add  is  about  23.     The  same  chemists  sabjected  die  add 
to  au  analysis,  and  found  the  constitoents  to  be 

Hydrogen         .         .         .  5-560 

Carbon    ....         34-115 
Oxygen  ....         60-325 


lOO-OOO" 
Kow  the  smallest  number  of  atoms  that  agrees  with  these  pn^ 
portions  and  with  the  atomic  weight  derived  from  die  analysit 
of  the  salts  is, 

10  atoms  hydrogen   .         .  {"SS 

10  atoms  carbon        .         .  7*50 

15  atoms  oxygen      .     '   .         15 


23-75 

But  this  gives  the  atomic  weight  too  high.     If  we  abstmet  an 
atom  of  carbon,  and  consider  the  acid  as  composed  of 

10  atoms  hydrogen  .         .  1-25 

9  atoms  carbon        .         .  6*75 

15  atoms  oxygen      .         .         15 


23 

we  obtain  33  for  the  atomic  weight.  This,  therefore,  is  die 
constitution  of  this  acid  that  agre^  best  with  the  analytical 
results  of  Henry  and  Plisson. 

SECTION  XX. OF  PYROKINIC  ACID. 

mrtsrj.  This  acid  was  discovered  by  MM.  Pelletier  and  Caventoa 

about  the  year  1820.  It  is  obtained  by  distilling  kinic  add. 
When  heat  is  applied  to  this  acid  in  a  retort  it  swells  iqt, 
blackens,  and  gives  out  a  white  acrid  smoke.  There  passes 
over  into  the  receiver  a  brown,  oily,  and  very  add  liquid,  while 
some  crystals  make  their  appearance  in  the  neck  of  the  retorts 
These  crystals  were  redissolved,  and  the  liquor  filtered  through 
moistened  cotton  to  retain  the  oil.  This  liquid  being  slowly 
evaporated,  yielded  crystals  of  pyrokinic  acid. 

PnpoUo.  Pyrokinic  acid  crystallizes  in  tufts  composed  of  divei^ng 
needles.  It  u  at  first  brown,  but  by  repeated  crystallizations  be- 
comes colourless.  Its  taste  isacid,Bnd  it  isdestituteofsmelL  Itis 
very  soluble  both  in  water  and  alcohol.  It  forms  soluble  salts 
witii  potash,  soda,  ammonia,  barytes,  and  lime.     It  occauons  a 

•  Henry  and  Plisson ;  Ann-  de  Chim.  et  de  Phjs.  xli.  387. 
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Vtt^t  pi«cipitat«  in  acetate  of  lesul  uirf  nitrate  nf  »i)v-«r.     Its     '^'^  *■ 

(jiafacteristic  property  is  that  it  jirecipiuteii  the  p«ii!ul|)l)atc  of 

nm  of  n  iH'juitiful  frroon  colour.    So  drliaitP  a  tpst  U  it  of  iron, 
that  it  nntutneit  «  frrccn  colour  wlicn  combined  wiih  lime  or 
tanftcfi,  contaiciipg  traces  of  tliat  metaL     It  is  neither  afTectecl         ^| 
by  aoluticHis  of  glue  nor  of  tartar  emetic*  ^| 

^L  SSCriOK  XXI. — OP  MKCOKIC  ACIU. 

^ft  Tim  acid  ezbts  in  opium,  prolwbly  in  combiitation  witli  ■■mm]'. 
^boq^ne.  It  wim  dtscovcrcd  by  M.  Sertiirnpr,  and  call«d  by 
^  iimMrconic  acid.  (lom  the  Greek  VQT<liir.>n^,  (I  p<ippif.  Varion* 
■odpH  of  extracting  tlii.i  aciil  from  (lie  ii)fii!>i(in  of  opium  luivc 
bwn  propmteil ;  but  none  «f  thvin  kcciiw  t«  be  very  |;oo<l.  Th« 
MlowioK  proctrsa*,  which  was  contrived  by  Robiquet,  yields 
BMOBie  acid,  but  we  do  not  succeed  by  it  in  obtaining  the 
vfaole  of  that  acid  wliicb  exists  in  the  liquid.  H 

Bcril  the  infusion  of  opium  with  rather  a  greater  quantity  of         ^M 
napieaia  than  ht  >iufiicirnt  to  precipitate  the  whole  of  the  inur-         ^M 
pbinr.     I)ige«t  tlie  precipitate  in  alcohol  till  tlie  whole  of  tlic         ^M 
■oqtluiM  ia  diMoketL     There  remains  behind  »  quantity  of        ^^ 
■agneaia  united  viih  meconic  acid.     Sulphuric  acid  dissolves 
ikM  matter,  and  forms  witli   it  a  brown  coloured  iolution. 
Muriate  of  bar)-tes  being  drop!  into  the  solution  a  precipitate 
&1U,  comiiiliug  of  Kulpbute  of  b»r)'te«,  aiHl  mcconateuf  burylcit 
^^riightty  tin;;i-<l  red.     Weak  sulphuric  acid  being  long  digested 
^■Vpoa  this  precipitate,  decompoaes  the  mecoiiate ;  the  meconic 
aeidiliaaolresinihe  water,  while  the  Kulphnte  of  baryteM  remains 
Th«  water  Wing  (■vaiv)rnted,  iiUow*  the  niei-onic  jicid 
ilcpmftC  in  the  form  of  brown  crystatii.     In  lhi»i  Hijite  it  is 
itominated  with  a  colouring  matter  which  renders  it  much 
•oliibla  in  water  tlian  when  pure,  an^l  enuKOM  llie  mecnnato 
'aufftwaiaand  of  b«ryte«  to  prmpUaU-;  for  when  tlicMemttit 
pare,  they  are  soluble  in  water.     Tlicse  brown  crj'stnls  nn> 
be  dried  at  a  low  temperature,  and  then  to  be  exposed  to  a 
ber  temperature,  but  one  not  tiufficiently  bigfa  to  dceompoM 
colouring  mutter.     The  mt'cnnic  aci<l  sublimes,  and  is  depiv 
on  tlie  up]H-r  part  of  the  retort 
A  still  easier  process  for  proenring  this  acid  has  been  recoin- 
Kml4*d  bv  Dr.  Mare,      Drop  acetate  of  lead  into  the  aqtieons 
■fiiaion  of  opium;  mccnnate  of  lead  precipitates:  wash  this 
pradpitstc,  mix  it  with  water,  lUtd  pass  a  currentof  sulphuretted 


•  Aan.  lie  aiim.  ct  <!«  Phja.  xv.  Ul. 
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Chip.  I. 


PropvtticL 


hydrogen  through  it  The  lead  is  separated,  and  the  meconic 
acid  dissolves  in  the  water.  Filter  the  solution,  and  evaporate 
till  the  meconic  acid  falls  in  crystals. 

Meconic  acid  thus  obtained  is  white,  and  is  usually  crystal- 
lized in  long  needles,  or  square  plates,  though  sometimes  it 
aSecta  other  forms.  It  melts  when  heated  to  the  temperature 
of  about  250°,  and  as  soon  as  melted,  it  begins  to  sublime  with- 
out any  decomposition. 

It  is  exceedingly  soluble,  both  in  water  and  alcohol,  ItB 
taste  is  acid,  and  it  reddens  vegetable  blues.  It  combtncB  with 
the  different  bases,  and  forms  salts,  distinguished  by  the  name 
of  ttuconates.  The  meconates  of  potash,  soda,  and  ammoniat 
are  soluble  in  water.  This  is  the  case  also  with  the  meconatea 
of  barytes,  lime,  and  magnesia. 

When  meconic  acid  is  dropt  into  solutions  of  the  peroxide 
of  iron,  it  strikes  a  strong  red  colour,  similar  to  the  change  pro- 
duced upon  the  same  saline  solutions  by  the  sulpho-cyanic 
acid.  But  it  does  not  occasion  any  precipitation  in  these  liquids. 
When  dropt  into  a  solution  of  sulphate  of  copper,  the  colour 
of  the  liquid  changes  to  a  tine  emerald  green.  No  precipitate 
fells  at  first ;  but  a  pale  yellow  powder  is  at  last  deposited. 
This  acid  likewise  produces  slowly  a  precipitate  in  the  solution 
of  corrosive  sublimate.* 


SECTION  XXII. — OF  BOLETIC  ACID. 

H»totj.  T\as  acid  was  discovered  in  181 1,  by  M.  H.  Braconnot,  while 

examinbig  the  expressed  juice  of  the  boiehts pseudo'igniantts.f 
He  obtained  it  by  tlie  following  process :  The  juice  of  the 
boletus  was  evaporated  to  a  thick  syrup  by  a  very  low  heaL 
The  residual  matter  was  digested  in  alcohol.  The  portion  left 
undissolved  by  the  alcohol  was  dissolved  in  water,  and  nitrate 
of  lead  dropped  into  the  solution.  A  white  precipitate  fell, 
which  being  edulcorated  was  mixed  with  water,  and  decomposed 
by  a  current  of  sulphuretted  hydrogen  gas.  The  liquid  being 
filtered  and  evaporated  exhibited  two  distinct  acids.  The  one, 
which  existed  only  in  small  quantity,  was  phosphoric  acid,  and 
deliquesced  when  exposed  to  the  air.  The  other  constituted 
permanent  crystals.  It  was  boietic  acid.  I'o  obtiun  it  in  a 
state  of  purity  it  was  dissolved  in  alcohol,  and  crystallized  by 
evaporating  the  solution.  In  this  state  it  possesses  the  follow- 
ing properties : 

•  Robiquet,  Ann.  de  Chim.  et  de  Thys.  v.  8B2. 
t  Arm.  de  Chim.  Ixxx.  878, 


BOLETIC  ACID.  ^E^^^^^  III 

IiN  colour  is  wliiu>,  it  is  not  altered  by  exposure  to  the  air,     ^^'^  '■ 

ml  coiiid«W  of  imfirtilur  four-ddMl  prisms.     Its  tnste  is  similar  " 
S  that  of  tartar.     It  rrquiroit  I^  times  its  wciglit  of  vmtpr  to  rcdisUA 
Inoirp  il  at  thr  tomp«rature  of  68".     It  is  soluble  in  45  liiiiw 
h  vetglit  of  Alcohol. 

Hio  nqueoiis  solution  r^dcien.i  ve^tablc  bines.     Kilrat«  of  h 

Eiul  uccaAitkns  »  [)riH-i|>itaU>  lit  it  which  in  redis^oKTil  l>y  ajptii-  ^M 

Ion.     It  pre<:i[))(a(i>H  the  ri^l  oxiil<>  of  intn  fmm  its  sioliitioiit*  ^M 

■mpletoly  in  tk«  form  of  riutt-coloiircd  fluclt<i;  l)ut  irdot-ttnot  ^M 

brow  down  tliv  black  oxidi-of  thix  mctni.    It  preHjiiiat^^s  nitrate  ^M 

f  nlver  in  thf  itUiw  of  a  wliiti>  puwdor  wliich  i^  soliililo  in  nitrio  ^M 

iM,     Nilratv  of  mercury  U  prccipibitiMl  in  ilif  Mim<>  ntiiti-;  H 

m  thr   prccipilntc  (IIk<^\'cb  with  difficulty  in   nitric  Rcid.  ^M 

Ji-ither  lime  wstcr  nor  haryteswdter  produces  any  effect  upon  ^M 

ie  aqueous  solution  of  this  acid.     WLon  healed  it  riM-s  in  ^M 

ritite  \-»[>oun,  whicli  irritate  tlie  throat,  and  condense  on  kui^  ^M 

hmlinfr  ImwUcii  in  tlic  form  of  n  farinaceous  pon'dcr.     Wlicn  ^M 

PBk<l  tlie  ||i;rciilt-«t  port  sublimes  unaltered,  excepting  that  it  ^M 

Ikervrartb  crystallizes  more  regularly.   At  tlie  same  timv  a  little  ^M 

|l|nid  apfiears  bavins;  a  strong;  smell  of  acetic  adiL  ^^ 
■  Boletatv  of  ammoiiia  It  a  sidl  wliicli  cr\'stul1iEes  in  flat  four-  miu. 

|d«l  prisDui,  amt  is  Nolidde  in  2(>  limes  it^  weight  of  n'ufer  at  ^1 

18*.     Its  taste  in  cooling,  wiline,  inid  somcwliat  sharp.     When  ^M 

keated  it  melts,  swells,  and  sulilimc^.     It  prccipilalCM  red  oxide  ^M 
'  iron :  but  does  not  alter  «ulpluitc«  of  Itme,  alumiiiii,  or  mnn- 
It  slowly  preeipitiilcs  nitrate  of  cupper  in  blue  nilliy 


Bolelale  of  potash  is  very  soluble  in  wiiler,  and  cryslallizes 

difficulty.     Acids  precipitali-  thi-  bolelic  acid  from  it. 
When  boletic  acid  is  lieate^l  witit  curbniiate  of  Iinte  it  dfo- 
il  with  itffcrvwccnci'.     The  huletate  of  lime  er^stallixes 
;  four-kided  jirinmi^     'I'liis  Mill  bn»  little  taste,  Hn<l  rt-tjuires 
:  least  I  lo  times  its  weight  of  water  at  the  temperature  of  72^" 
<  dissolve  it.    It  is  decomposed  by  oxalic  and  sulphuric  acids. 
Buletate  of  hnrjtes  is  an  acidulous  salt  in  white  plates  little 
«oluld«  in  water  or  nitric  acid.      When  thrown  on  a  red-hot 
on  it  bnma  rapidly  with  u  nn)  fliune  and  striking  winlillaliuns, 
iring  fur  ri'Mi'tue  rarlmnatc  of  hitryte^. 

When  ibinneid  ix  Iicsititl  with  iron  AlirigHandwnlcr,  hydrogen 
lift  fmilted.uiidu  yellow  li<iuor  i.'obtwincd  with  an  inky  tu-stc. 
Sucli  are  lite  pru{>erlics  of  boleltc  acid  tw  Ihcy  Imve  been 
ertainetl  by  Bniconnot.      HitJierto  no  o4her  chemist  has 

■ted  bis  experiments. 
II.  1 


COMFUUKD  OXTGEN  ACIDS. 


SeCTION  XXIII. — OP  CAMPHORIC  ACID. 


Cumplior  is  a  well-known  white  crystalline  iubstanoe,  of 
strong  Bute  ami  siQell,  obtained  from  a  opeciea  of  laurel  tn  the 
Eait  Indies.  It  u  so  voiatilo  iliul  >t '»  nut  readily  melted  in 
o]>cn  vi>»si'Is,  aix]  so  influmniuijlc  tliut  it  bnnts  even  ou  the  sur- 
face of  water.  .fl 

When  camphor  is  set  on  lire  in  contact  witli  oxygen  guSi  U 
burns  with  a  very  briliiant  d:une ;  niucli  eitloric  is  dj»oiigt^:«d» 
water  is  formed,  the  inner  itnrfaee  of  tlie  vessel  is  covered  witli 
n  black  matter,  wluL-ti  i^  nndoubtcdly  cliarcoal,  and  a  tjuantity 
of  mrboiiie  iicid  pi*  w  uImo  produw^fL"  Hi*n<;e  it  follows,  tlnil 
it  in  composed  of  hyilro^'n  and  carbon,  at  leoMt  prints!  pnlly.      d 

Mr,  Kosegarlen,  by  distilling  nitric  acid  off  camphor  ci|;ht^ 
times  successively,  obtained  an  acid  in  crj'8tEUs,t  to  which  th« 
name  of  t-awip/ioric  acid  has  been  giren. 

Hb  expcrimcnta  have  been  repeated  by  Mr.  BouiUoa  — 
Ijignatge.  The  process  for  obtaining  camphoric  avid,  aifl 
describnl  by  this  diemist,  'u  us  follows:  Put  into  a  n-tort  I 
port  of  aunphor  itnd  8  parts  of  nitric  aci<l,  of  the  specilic  grur 
vity  1-03.  Distil  with  a  sand  heat.  A  great  deal  of  nitrous 
gas  and  carbonic  add  gas  is  emitted,  itii<l  a  little  camphor 
sublimes  ThU  process  muit  be  repeated  llirec  times  on  the 
same  camphor ;  so  tlinl  '24  parts  in  all  of  nitric  acid  arc  ncvu^ 
sary,  .\ftrr  tlic  third  di^itillation,  when  the  r«>tort  is  alloweil  ta 
cool,  a  number  of  crystals  make  their  uppoarunce  in  it.  These 
are  camphoric  acid.  Iliey  amount  to  somewhat  less  than  the 
half  of  the  camphor  employed.  _ 

The  experiments  of  Kosegarten  and  Bouillon  I-agnmgeB 
were  confirmed  in  IRIO,  by  itucholz,  who  employed  the  fol- 
lowing prowess  for  converting  camphor  into  cam]>horic  acid. 
'IVo  ounces  of  camplior  are  put  into  a  retort  with  I^  lb.  of 
nitric  Rcid  of  tlie  spceilic  gnivity  l''i.'il),  and  lialf  a  |)ouiid  uf 
'  jiiming  nitric  acid  of  the  Kpvcilic  gravity  1-550.  A  nioilcnite 
heat  is  applied,  and  about  onc-hulf  of  tlie  acid  is  distilli-d  olT. 
Tltls  process  is  repeated  thn-c  times,  pouring  iMick  the  acid 
which  has  distilled  over  each  time.  After  the  third  distillation 
llie  ramphoric  acid  it  oliwr^cd  swimming  on  the  aci<l  in  tlie 
retort  like  a  butyniceoiis  tonsil  aOer  the  whole  has  beconn'  odd. 
It  is  scparuted  from  tlic  nitric  acid  by  ineaiM  of  a  gliu"  funnel. 
When  washed  and  ilric^l  it  is  camphoric  actd  in  a  statu  of  purity. 

*  Bouillon  Lu  Grsn^-e,  Ann.  de  Cliim.  xtlii.  153. 
f  Koi^irtcn,  de  Compliora,  &c.  IT»A. 
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In  the  Tcv  1823  an  trlaborutc  set  of  expcrimenbi  on  cnnf 
plwrie  acid  and  itanlUwaspubliiOiedbyDr.  Uudt^lpli  Hntndc^fi.* 
Hit  (mtceaa  for  prvpariii^  it  waa  Uie  siime  ta  tlat  of  Bucholz. 
U«  gives  us  tbe  weight  of  tiitrti'  ndd  n^ciuisitc  to  convvrt  four 
muKv*  of  cnmphor  into  c»m|)lioric  acid ;  bnt  m  lio  Itaa  ni^lectod 
k  give  lU  the  specific  (rravity  of  (ho  acid  employed,  his  aate- 
mrab  eonvey  little  information  to  Ike  practical  chemiiit. 

Camphoric  acid  tliiis  pr«pare<l  i.t  in  featlier-abaped  cryHtaln.  i>*|«i;n 
It  bia  •  white  colour.  Hi  tame  in  xlif^htly  add  and  liitteri.tli, 
taif  Acoanling  to  Hnuides,  convcyx  an  imprewuou  of  citmplior. 
At  the  common  temperature  of  the  air  it  lias  scarci'ly  any 
mM,  but  wkrn  licutml  to  lOU*  it  |riTV4  out  a  perceptible  odour 
rfmnpbor.  At  the  temperature  of  100"  it  bc^ns  to^vcout 
a  ihicW  wliite  i-apour,  huviri<f  an  acid  and  Aitty  smell ;  nt  15&' 
it  melu  tuto  a  tmnspaireiit  colourless  li4piid.  \A  hen  the  tem- 
perature ia  Htill  farther  raised,  it  catches  lire  and  bnms  vith  a 
dear  flame,  leaving  iwareely  any  residue.  If  it  be  put  into  a 
batMl  porcekiin  tube,  aixl  oxyj^en  fran  U'  ]iiLvied  tbrotijrh  it, 
the  acid  doe*  not  undergo  luiy  change,  hut  t«  iiubliine<l.  By 
distil  111  I  ion  it  flnt  niolto,  and  then  i^ublimeii  umiltcrvd.| 

The  foUun-tni;  table  mIiowii  tlie  solubility  of  this  acid  in  water 

'difierent  tempcraturm,  na  determined  by  Dr.  Brandcs. 

t     Mj^  Fahrenheit.  100  water  diasolve     M3 
77         .        .         lOO        .         .  1-457 

90-S      .  .  100  .  .  l-6<26 

12-2         .         .         100         .         .  2-450 

144-5      .         .         100         .         .  4-290 

180-5      .         .         100         .         .  6-29 

lOi        .         .  100        .        .        10-13 

205 1       .  100         .         .         1200 

The  follou'iitg  table,  by  tlie  luime  chemist,  shows  tlie  solubi- 
of  this  add  in  akohol  at  differenl  temperittnreg.     Unfor^ 
rly  he  bas  n^lected  to  itpvt-ify  tlie  »i>«cific  gravity  of  the 
dI  employed. 


Cuiphiiiii  tii. 

At  47''-73 

lOO 

alcohol  dissolve    106 

64-5 

100 

111 

77 

100 

115 

90-5 

IOC 

161 

144-5 

100 

191 

•  Sdrawn^*  Julvbucli.  v't&.  SG9. 

t  Bodiot^Otfalen'*  Jour,  fiir  die  Ctiemte,  PhjMek,  und  H  inenlogie,  ii.  33% 


116  COMPOUND  OXYGEN  ACIDB. 

°^^    We  see  from  this  that  alcohol  at  the  temperatnre  of  abovt  100°, 

dissolves  more  of  this  acid  than  at  higher  or  lower  temperatuKS. 

Oil  of  turpentine  dissolves  camphoric  acid  by  the  asustanee 

of  heat,  and  allows  it  to  be  depcwited  in  crystals  when  th« 

solution  cools. 

To  determine  the  atomic  weight  of  camphoric  add,  Brandcs 
analyzed  several  camphorates.  The  following  table  ezhibila 
the  results  which  he  obtained. 

1.  Camphorate  of  potash. 
Camphorig  acid         .         .         Jl'2*4S 
Potash  ...  6 

2.  Camphorate  ofaotbi. 
Camphoric  acid         .         .         12-6 
Soda  ...  4       . 

3.  Camphoraie  ofHnte. 
Camphoric  add         .         .         13-44 
Ijme  .         .         .  3'& 

4.  Camphorate  ofbaryUa. 
Camphoric  add         .         .         12-76 
Buytes  ...  9-6 

5.  CoMphorale  <>flead. 
Camphoric  acid         .         .         12-12 
Oxide  of  lead  .         .         14 

The  numbers  after  camphoric  add  in  this  table  indicate  the 
atomic  weight  of  the  acid  deduced  from  the  respective  analyses. 
They  do  not  quite  agree  with  each  other.  But  if  we  leave  out 
the  camphorate  of  Ume,  which  deviates  too  &r,  and  take  the 
mean  of  the  four  other  analyses,  we  obtain  very  nearly  12-6 
for  the  atomic  weight  of  this  add. 
rmniiaiiim  Braodes  subjected  the  add  itself  to  an  analysis  by  means  of 
oxide  of  copper,  and  obtained  for  the  constituents, 
Hydn^en        .         .  5-618 

Carbon  .         .         61-341 

Oxygen  .         .         33-041 


100-000 
These  numbers  would  give  us  for  the  atomic  constitution  of  the 
add, 

6    atoms  hydrogen         .         .         0-75 

11    atoms  carbon  ■         .         8-25 

4^  atoms  oxygen  4-d 

13-5 
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TV  ktiunic  weight  derivMl  from  these  proportions  is  13-5t  «»-".       I 

vliick  eonnes  very  near  the  ntotnic  weiglit  of  tlie  acid  deduced  '*'''^     m 

ftntn  llie  nnalysLt  of  euinphornie  of  lime.  M 

h  w  ubviouH  tluit  new  experimeitU  are  still  requisite  before  ^^B 

vp  out  consider  the  atomic  weiglit  or  «t«niic  coiistilution  of  ^^H 

ikift  add  w  accurately  deterininetC  ^^H 

^  SECTION  XXIV.— OP  SVIIKRIC  ACII*.  ^^ 

'  Cork,  a  MulMtJince  too  wi-ll  known  to  require  any  (le«cription,  iiMarr.         I 
b  ihc  iMirk  of  k  tn-c  wliieli  beiirs  the  same  name.     By  means  m 

•f  iiilrie  iu'hI  Dniifnalclli  eunverte^)  it  into  an  iicid,*  whidi  liait  ^^fl 

been  calK-il  Kulnrir  acUly  from  subcrt  ilie  Latin  tiaine  of  the  ^^H 

cork  tree.     Several  eliemit)t8  HfBrine<l  tbat  tliin  acid  was  the  ^^H 

onlict  because  it  poietoHSt'ti  jtevend  prop^rlie^  in  common  wilh  ^^H 

it.    These  assertimu  induced  Bwutllon  I^iifrnui^-  to  iinih-rtiike  ^^H 

a  M>t  of  experiments  ou  Hubcric  tici<l.     Thcite  experimental  ^^H 

whicit  have  bei-n  published  in  lbc2S!d  volume  of  the  Anit'ilrsde  ^^H 

ChitHiv,    eoupli-l<-iy  c^itublish   ihc   peculiar  niitnre  of  suberic  ^^^| 

•cid,   by  «bowirif;  iluit  it  ]>ossesses  properties  dilfrrt-iit  from  ^^^| 

those  of  any  otlier  aeid.    Chevreul  af^erwardit  published  a  new  ^^V 

act  of  experiment*  on  it,  which  both  scne  still  further  to  esta-  | 

blnb  it*  p<-ciiliar  iiiiliire,  and  make  us  better- aci]uainted  witli 

propvrtien.f 

rbevreul  obtained  this  acid  by  di^cstinfr  1  jiart  of  cork  in  0 
I  of  acid.  After  the  add  had  censed  to  aet,  tbc  whole  wax 
led  to  the  eoiisUtcnce  of  an  extract,  hot  water  was 
poured  over  it,  and  tbc  mixture  was  digested  fur  some  time  in 
a  «an<l  lH>at,  When  iiet  a.-<i4)o,  a  mutter  like  wax  formed  cm  the 
nir&ee,  and  while  ta«teleic«  flock.'*  preciptluti-d  to  llie  bottom. 
These  Bubstanc^'tt  were  wparated,  and  the  liijuid  eonceutrated 
by  eraporution,  Suberic  acitt  precipiljilcd  in  powder,  and 
lovarda  die  end  of  the  process  cryfttiils  of  oxalic  acid  formed. 
I  obserred  tlte  formation  of  oxalic  acid  many  yeani  aj^o,  wliile 
treating  cork  with  nitric  ueid.  Htil  the  mo^t  clahomte  mm  of 
experimt-ntf  on  ibiN  )u:i<)  wa'«  published  by  Dr.  Rudolf  Bmndvx 
(iuriDg  the  yrxn  li**21  ami  l6i"-'.(  lie  not  oidy  exninitu-d  tlie 
profwrties  of  the  acid  in  detuit,  hut  determined  the  composition 
ami  profiertiea  of  the  diiferent  suberatra. 

Pure  iiul>eric  acid  has  a  white  colour,  and  is  not  altered  by  pMt*rt)». 
exposure  to  tlie  air.    Its  taste  is  acid,  hut  not  in  the  lea-tt  bitter, 
unless  when  it  b  imjnire.     It  has  no  smell.     When  dried  it 

•  Ocll't  AanOt,  I7S7,  i.  IM.  f  NichoUon't  Journal,  ix'tii.  140. 

I  Scfawe^Ecr'a  Jabrbuch,  ii.  3!K1,  iii.  m,  and  ti.  £63.  ^^^ 
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lias  no  lustre.  The  cryslali  of  it  are  imperfect  needles.  When  J 
lieuled  it  nx-ll*  into  u  traiisparont  liquid,  which  on  cooling 
a^iiine^  a  yellowish  linjEc  It  melts  at  tlic  temperature  of  I0(y, 
and  remains  liipiid  till  it  be  cooled  down  to  l'J5*J  when  it 
■gain  congreals.  The  solid  matter  is  (il>roiis  aiid  olivioiwly 
rrystullized  on  Uie  surface.  It  retiuireit  a  ji^at  deal  of  cold 
water  to  dissolvv  it,  hut  it  is  very  soluble  in  hulling  water. 
The  following  tahlc  sliow^  the  NuUihiltty  at  different  tempera-, 
tores  ai  determuied  hy  Bruniles. 

WaMr. 

At     4fi*  Fahrenheit  1  part  of  acid  dissolrcs  mlOO-I 
Mi  .         .         1         .         .         .  9l*ttJl 

183     ,         .         1         .         .         .  5 

21*2     .         .         1         .         .         .  I'87 

The  following  tahle  allows  tlie  solubility  of  theacdtliti  absolutel 
iilcohol  according  to  tlie  determi nation  of  llie  same  experimenter.] 

FubrrkuU. 

At    50°  .         .     100  parln  alcohol  dissolve    *21-0 
173    .         .     100         .         .         .  114 

lOOpartS  of  boiluigsulpliuricctlicrdia)K)lvedl6-6partsof  this  acid. 

Butetlc  b'M. 

At    68^  .        .     100  ether  dissolve    .  12-9 

50    .         .100         .         .         .  12-82 

.^9    .         .     100         .         .         .  9-8 

It  is  soluble  ahio  in  volatile  oils,  particularly  in  oil  of  turpcntiiM 

M'heii  h(!»ted  in  a  retort  it  U  volutili/.ed,  and  condenses  oal 
llie  uppor  piirl  in  long  neeiUt-K.  It  doc«  not  precijnUte  linu)^ 
baryti-s,  or  slroniitiii  water,  nor  the  sultd  containing  these  ulka* 
line  cartlis.  The  ulkiilies  iliwolve  it  very  well,  and  (brm  witli 
it  neutral  suits.  It  precipitates  uitratc  of  silver,  muriate  of  tin, 
sulphate  of  iron,  nitrate  and  acetate  of  lead,  and  nitrate  of  mer- 
cury,  but  it  docs  not  precipitate  sulphate  of  copper  or  sidplutttfl 
of  sine. 

Nitric  acid  lias  no  action  on  it.     It  docs  not  alter  tlie  colour  of 

sulphate  of  indigo,  provided  it  is  free  from  yellow  bitter  matter.* 

l)r.  Urarides,  in  order  to  determine  tlie  atomic  ueight  of 

tliis  acid,  analyzed  several  of  the  ^liberates.     The  fullou-iii|{ 

table  exhibits  the  results  which  he  ohtiiiiie<L 

1.  SkImtoU  nfsoda. 

Suberic  nvid  .        .        12-S5 

Soda  ...  4 


*  NichoLMHi'*  Jour.  siiiL  I4D. 
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S.  Suberate  t^Jime.  owt. 

.S.ib«tc4«id              .         .  11-95                          "*■"■ 

Umc                 .         .         .  Q'S 

3.  Suberate  <(f  fnirj/tea, 
Stilwrio  add             ,        .  l2-7tl 
Boiylw            ...  9-5 

4.  SHberate  (jf  utrotitiaM. 
Suberic  acid              .         .  12-.38 
Slronlian          .         .         .  6-3 

a.  Si^cratK  ofmaffmMUt. 
Suberic  aci<l  .        .        1I-7H 

Magnesia         .  .  '2-5 

0.  Suberate  ofttUnrr, 
Suberic  acid  .         .         12-20 

Oxtde  of  silver  .         .         14-75 

7.  Subtffate  iifco/jper. 
tsilieriv  iK'id  .         .         11*93 

Oxide  of  copper        .        .  6 

B.  Sttbrrate  i^flttid. 
Suboric  add  .        .        12-&6 

Oxide  of  load  .         .         14 

'  DitiBben  after  Bub^Hc  udd  denote  it»  ntomtc  wci^Iit  acrord- 
tO  VSeh  atnlyrifl.  Tbe  MpcrimenU  were  iiuule  on  a  very 
Kale,  wbich  nccounu  in  some  measure  for  llie  ti-»nt  of 
aceainoitg  tliein.  TlieiDOKnof  iltewliolc  ei^hiaiiulyst-s 
ires  us  12-15  for  tlie  aKniiiv  wciglit  of  suberic  add.  And  if 
We  Imre  out  tbe  ■ilbenite  of  magnesia,  wliieh  gives  tiielowest 
nunbcr,  and  vrhidi  is  not  ho  emdly  analysed  ib  the  otherst  we 
obtain  for  the  atoinie  weigbt  of  tblt  acid  r2*'JI.  tio  tltat  tbe 
|irobabIe  ounilier  from  ibe^  analyHct  in  12-25. 

Dr.  Branded  llniily/.t^d  1-25  grain  of  Hubi-ric  nvtij  by  meaiu  cmiaHion. 
of  osidc  of  copper,  and  obtained  for  the  coitstiluciitti, 
Ilydrngen  .  .  \b-9^Q 

Carbon  .  .  37-25a8 

Oxygeti  .         .         46-7ei»8 

lOO-OUOO 
The  nuinl>er  of  aloma  of  each  constituciil,  which  correspond 
bat  with  tJiew  propoTtioiis,  b  as  follows, 

16  Ktorat  hydrngi-it  .         .         2 

6  alotn«  carbuti  .         .         4-5 

6  atoiiH  oxygen  .  6 

I2'5 
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This  gives  IS*.*)  fur  the  atomic  weight  of  BubcrJc  acid, 
iienrly  tlie  niuiic  tui  lliut  deduced  from  the  anulysis  of  suhenita 
of  soda,  wliicli  wns  made  upon  tlit-  (rn-atent  scale,  and  suberate 
of  lead  wLii-h  funiUhett  tlic  sidt  of  cavicvt  iiimly>i.t.  I  iim  dis- 
posed thi'n-forr  to  consider  12*5  as  the  true  Rtotnic  u'cif^ht  of  ^ 
thts  aci<L  Suberic  acid  iti  remarkable  for  the  great  proportion  of  " 
hydrogen  which  it  contjiiDS,  it  nii^ulur  circiimstaiice  if  we  ooa- 
Hider  the  great  cjiuuitiiy  of  nitric  ucid  employed  in  its  formation. 

SEmOS  XXV. OF   PECTIC  ACID. 

It  hfls  been  long  known  that  the  juice  of  currants,  goosc- 
berriefl,  cborrtcs,  apples,  and  many  other  fruits,  when  lefi 
exposi'^t  i<i  the  air,  gradually  axKumea  the  form  of  a  jelly,  i^me 
obeerviitiuns  on  thiK  jelly  hiul  been  made  m<uiy  years  ago  by 
Vuuquvlin  ;•  but  it  was  M.  [{ruconuot  who  first  pointed  out  its 
Bcid  nature,  showed  tlie  method  of  procuring  it  pure,  and 
dcseribc<l  its  character  in  deUiil.f  Some  [i<lditioiuil  fact» 
were  iifterwards  brouglit  to  light  by  the  experiment*  of  Vau- 
queUii.J  Braeoniiot  ji^uve  it  the  name  of  peclic^  acid)  from  tli« 
great  tendency  which  ir  hoA  to  form  a  jelly  witli  water. 

It  may  b<-  ubtiiincd  from  iJie  roots  of  carrots,  turnips,  par«e- 
ni])*,  &c,  from  the  inner  !)urk  of  most  trees,  from  the  greater 
MiimlHT  of  fruits,  ao  tlwii  it  appears  to  be  very  univemally 
Bwittered  over  the  vi-geudile  kingdom.  One  of  the  sulwtancei 
from  which  it  is  most  easily  procured  is  the  ctunmon  earroL 
I'hc  method  of  proceeding  in  us  follows :  Ilaring  well  nikshed 
tlie  carrots,  reduce  them  to  a  pulp  by  means  of  a  grater. 
Express  the  juice  and  wasli  the  dry  residue  with  pure  water,  ' 
till  it  ceaM»  when  squeezed  out  of  the  pulp  to  be  in  tJie  least 
coloured.  Mix  50  parts  of  this  u-ashed  and  expressed  pulp 
with  300  parts  of  water  and  one  part  of  caustic  potash.  Heat 
lliia  mixture  and  boil  it  for  a  cjuarter  of  an  hoiu-.  Filter  the 
liquid  tiirough  a  cloth,  luid  wash  the  undimsolved  portion  with 
pure  water.  Mix  all  Ihc^e  liquids  togetlier,  and  add  to  tlicw 
white  »lill  hot  a  very  dilute  sulution  of  muriate  of  Ume.  'lli« 
pectatc  of  lime  formed  tnimeiliatt^ly  gelatiui/es.  It  is  collecU-d 
and  well  washed  upon  a  cloth.  'I'lien  boil  it  for  some  minutes 
witi)  water  addulaled  with  muriatic  acid,  which  dissolves  the 
lime  and  the  starch  sliould  any  be  present.  'I'be  whole  Wing 
now  lluown  on  a  filter  it  is  in  the  state  of  a  jelly,  which 
be  waJied  with  fiicility. 

■  Aon.  lit  Chiui.  v.  9i.  vi.  »7i, 

t  Ann.  do  CHiin.  et  de  Phf«.  xxttli.  173.  xxx>  OS.         %  Ibid.  slL 

§  Fhim  BwAti  oocmuluo). 
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^'a^qllcIiD  informs  ua  ilmt  tlie  jirocess  is  facilitated  hy  giiW    o«  r.   J 
•liruting  l>i«iTl>«>iiiit4>  of  potwh,  ar  cr)«tj«lli/<Mi  carljoiialc  of .  "*" "" 
KMio,  is  the  |irD[iuniDii  of  5  parts  for  every  UK)  p«rr»  of  ihe 
[-.•xpnMod  pulp.    The  rwl  of  Ui»  prof(«s  is  tlie  luimc  as  lliat  of 
Bracnmiiil  jiLst  (lescriliMl, 

Tims  obuiiiied  )>evti<:  iicid  lias  the  form  of  a  transparent  and  enpmia 
c«b>urleBH  jelly,  lu  iiistc  is  perceptibly  add,  and  it  retUlenit 
pciiter  Hlaimvl  Mui-  l>y  lilmus.  It  is  scarcely  nolidilf  in  cold 
ntvT.  IJoiliiig  water  dissolves  it  In  itinalt  fjiuiiitity.  Tlio 
I  filtrrv^  wolutioD  is  colourless,  iinil  do<>M  not  lot  any  sediment 
hA  on  cooling.  aiHl  M-arCely  reddens  lilmns  paper.  It  is  coagu* 
BMM  inlo  n  jelly  colourless  like  glas**,  hy  alcoliol  and  all 
jinrbillic  solutions  nitlioul  exception;  by  litne  and  bttryt«s 
prater,  hy  acitk,  by  muriate  and  sulphate  of  sodii,  nitrate  of 
|)>ota»b,  &c.  Even  su^r  when  addct)  lo  llie  u'ater,  causes  the 
^ectic  add  tu  iLViunie  the  form  of  a  jelly. 
I  \N'Uen  dried  upon  n  capsule  it  assumes  die  form  of  trans- 
mrent  plutcw,  which  do  not  atlhere  to  the  glass  tesAcl.  In 
Rlu8  "tnie  it  seiircely  swells  when  put  into  cold  waiter;  hut  it 
■■Molves  u  little  iji  hoiting  water,  and  the  solution  nmi^nlatca 
py  all  the  difTervnt  rea^'iits  m  at  first.  When  <lUtiIled  in  a 
|Kt0rt,  il  yields  n  good  deal  of  cmpyreumatic  oil;  but  no 
pmmonia  nor  murblic  ncid,  and  Icuvrs  behind  it  a  bulky  coal. 
nA^hrn  mixetl  «-i(h  water  it  lins  the  projtcrty  of  <lijiengiiging 
iewbonic  add  from  the  alknline  csrbonuti"^. 
I  Wlicn  mud  wHth  an  excess  of  enustie  potash  in  a  |)]»tiiium 
kmcible,  oimI  gently  healed,  agitutiii^  the  mixture  uircfuUy,  it 
noon  melts  and  assumes  a  brown  colour.  If  we  e ni]>onite  llic 
jlitpiiil  without  increasing  the  heat  much,  we  will  observe  that 
hvlu^n  the  water  !»  driven  off  wli.it  ri'miiins  tu  tlie  crucible  again 
wnniiii  n  a  white  colour,  and  if  we  exiimine  it  we  shall  tind  it 
■o  ecNubt  of  oxalate  of  potusli,  Ily  tliix  process  the  pectic  acid 
Bwa  been  converted  into  oxalte  acid.* 

W'itli  potasli,  pectic  acid  forms  ii  salt  which  lias  little  tmtC)  aub. 
tutd  is  very  soluble  in  nater.  Wcuk  alcohol  tlirows it  down  in 
the  form  of  a  jelly.  When  this  jelly  is  dried  it  assumes  a  farm 
memhiing  gum  arable,  and  M?arccly  adheres  to  tlie  gUiAS  in 
hich  the  evaporation  wns  carried  on.  When  heated  it  swelhi, 
:td  leave*  a  l>n>wn  mniler,  which  is  ulntinc  united  to  potash. 
Pcctaic  of  potath,  when  in  Kolution  in  water,  is  coaguLite<l  by 
all  the  substances  which  produce  tlie  same  effect  on  pectic  aci<i. 

*  Vauqudin  ;  Ann.  de  Chiiii.  et  ile  llijv.  xlL  U> 
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Tlie  4^a^tlly  and  invbillic  salu  dccoiniiose  U  by  double  nffiiiity. 
According  to  the  analysis  of  Braconnot  it  u  u  compoiuid  of 
Pecticacid         .        .         S3-29 
Potasli      ...  6 

Hoiicc  it  wouIJ  ajipear  timt  its  atomic  wciglit  is  about  JW. 

Most  of  ilie  otiier  ]>i>ctati.'«  ar«  insoluble,  and  may  be  obtained 
by  double  docompoKition. 

Cold  ftiilpliuric  uci<l  Ium  little  action  on  it;  wben  heat  is 
applied  HiilplKiroiisiicid  is  jrivenolTurid  ulmine  fonned.  Wben 
nitric  acul  u  distilled  off  it,  tbc  reuduo  funiinlivii  oxalic  acid. 

Bnicotiiiot,  in  conscqiieni«  of  ibe  property  which  tliis  acid 
lias  of  converting  a  vast  quaiitity  of  water  into  a  jelly,  has  pro- 
posed the  intro<luctioti  of  it  un<ler  that  form  as  a  very  palatable 
food.  The  Dictlim)  of  prep.iring  tlie^e  jellies  is  as  follows: 
Boil  «  little  poetic  acid  in  the  quantity  of  water  which  is  to  b« 
converted  into  a  jelly,  tlien  dissolve  iu  the  wuU^r  a  HufEcient 
quantity  of  su|^r  previously  seasoned  by  being  rubbed  over  the 
Am  of  an  orange,  or  by  any  other  wialied  for  seasoning,  or  acid 
to  the  water  a  little  alcohol  previnii.^ly  properly  seasoned.  Ill  ^ 
«ither  case  the  whole  assumes  the  fiinii  of  a  jelly,  the  flavour  of  w 
which  will  of  course  depend  upon  the  nature  of  the  seasoning 
ctnpIoye<l. 

These  jellies  liquefy  with  extreme  facility  when  a  tittle  ain« 
monia  is  poured  upon  them. 

Broooniiot  is  of  opinion  that  the  soluble  pectates  constitute 
a  complete  antidote  iiguinst  all  metallic  poisons,  such  as  tliose 
.of  lead,  copper,  zinc,  anliotony,  and  mercury.  Ilis  reason  is, 
that  the  salts  of  all  these  metals  are  decomposed  by  pectate  of 
potash,  and  tlie  metalline  pectate  formed  is  <)iule  insoluble,  and 
not  likely  to  prove  injurious  to  tlie  aiiiuiol  economy, 
h  lid's  inference  is  not  quite  unobjectionable,  yet  the 
inaolubiltty  of  such  jiectales  would  form  a  reason  for  adminis- 
tering pectate  of  potash  in  all  cases  when  a  poisonous  metallic 
salt  had  been  taken  into  the  stomach.  Braconnot  excepts  cor- 
roMVc  sulilimatc,  niltate  of  silver,  and  tartar  emetic,  because 
the  insoluble  pectates  obtained  from  them  are  soluble  in  aa 
excess  of  pectate  of  pota^i. 

l.I|ion  tlie  whole,  tlie  properties  of  pecticacid  arc  iiitrre^ting, 
and  its  nature  aiid  properties  deserve  a  much  more  comjilcto 
investigation  than  tliey  have  hitherto  met  with. 
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Tlie  examination  of  the  constitution  of  «u)ijih  wkm  begun 
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Cbrvreul  iibout  die  year  161.3.     He  at  tliat  time  gave  to  Ute 

[  laitUute  mn  account  of  ait  aciil  subMance  wliivh  eDtera  into  die  . 

I  mnposUton  of  soajus,  and  tu  wltieli  lie  piro  tlie  uame  of  ima/-- 

\far^.     Id  1616  be  <IUliiigiiUlitMl  it  by  lliv  luimv  of  taarifaric 

teut.      AUiut  tlic  Hune  lime  he  found  tliat  nuirKuric  lu-id  vx- 

Incwil  from  dilTi-rritt  bodies  exi&ted  ia  iwodtfierent  states,  and 

M  i1m  ooc  contained  more  oxygen  tluui  tke  other,  he  distin- 

"ked  iheni  ni  fintt  by  the  oain«  oftuar^raus  »nd  margarie 

Hut  he  tltoti^bt  it  aftervrards  better  to  give  to  margar' 

:  acid  the  iiamv  of  tlearic*  aeid,  and  to  retain  the  leru  mar- 

•  acid,  which  had  been  applied  lo  the  otber  at  first. 

The  method  of  )in>curiitg  Htearic  acid  a  as  follows :  Muke  a 

by  boiling  mutton  siict  nud  utustie  {lotasli  together,  with 

LMiffident  quantity  of  n-atcr,  till  thi-  whole  is  converted  into 

DiMwlve  otic  pitrt  of  this  soap  in  (i  piirtK  of  warui  water, 

mix  the  solution  with  about  40  partd  of  cold  wiiCcr,  and 

kve  it  for  some  time  in  a  tem{>emtiire  about  GO"  or  between 

aud  70",     A  sulnlniicc  precipitates  liaving  a  pearly  lustra, 

rhich  is  a  iiiixtiin.'  iif  /lisUnrntt-  nf'j>iirn»/i  and  mnrtjiiriilf  tifpot- 

Colle<-t  this  Biilistancc  on  tiie  filU'r  an<l  wa-dt  it.     The 

E()ut()  tliat  has  |>tu»cd  throi^  tiie  filter  being  mixed  widi  a 

Ettleaod  tomtniatethepotiisji  which  itiiowvontuinsinexceK^ 

rill  yi«U  an  additional  quantity  of  (hl%  twofold  soupy  siilu     By 

diis  procesa  wveral  times  all  the  bistenrute  of  pota«h 

margamte  of  potash  is  obtained,  an<l  the  water  retains  otdy 

the  oleate  of  {wtiLth.     Tliv  bLtte;iritte  and  mat^arate  of  potash 

U  lo  lie  drictl  ant)  diwolveil  in  about  'it)  tiiiie«  \Ut  weight  of  hot 

alcoJiwl  of  0-ttii.     When  the  alcohol  cools  a  cjuiuttity  of  histea- 

rale  of  potaali  mixed  with  mai^arate  of  potash  precipitates,  and 

oleatc  nf  jMta&h  and  margurate  of  potasli  remains  in  solution  in 

die  oteohoL 

Tbc  |ireci)H(ated  btstenrate  of  pota.sb  and  margarate  of  pot- 
•■b  is  to  be  again  dUsolved  in  boiling  alcohol,  which  is  to  be 
act  by  to  cool,  'i'he  bi)>tearute  wLich  now  piecipibitcrH  is  much 
freer  from  margarutc,  a»d  by  repeating  the  wlutiuu  in  lyoiliitg 
alcohol  two  or  three  dmcs,  it  is  at  last  got  peTfectly  pure.  To 
(li-it-nnine  whetlier  die  bistenraie  is  (jnile  pure,  take  a  UtUe  of 
it  and  ilecompo»o  it  by  muriatic  acid.  Put  tlio  acid  which 
•epanlei  (afterwashingit)in  wat<T,  die  teinponilnre  of  which  ia 
to  be  gradually  raised.  If  the  acid  docs  not  melt  till  tlic  tunt> 
panturc  of  the  water  rc»che«  Ma'  it  is  pure  stearic  acid.     If 


Out  1. 
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COMPOUKD  OXVCEK  ACIDA. 

U  melts  at  a  lower  temperalure  it  contains  u  mixture  of  mar- 
gsric  ncid.  The  mcantle  of  potash  being  thus  olriiuiieil  in  a 
state  of  purity,  it  is  4)ecuin]>o«Ml  by  tioiling  it  witJi  nuiriiitie 
acid  and  wiitor.  The  stearic  acid  u  to  l)«  separated  when  the 
mixtiirv  gets  cold,  and  it  may  tw  freed  fnim  all  admixture  of 
muriatic  acid  by  fusing  it  repeatedly  in  pure  wutvr. 
pioi«us.  Stearic  acid  has  a  fine  white  colour,  and  when  llie  fused  acid 
is  allowed  to  wiol  below  Ift8»  it  cryslallizM  in  fine  brilluuiC 
n«edles.  It  in  taAteless  and  deittiliite  of  &meU.  It  is  inM)liil>lc 
in  water,  Whih^  Ittpitd  it  inny  be  tiiixed  with  hot  alcoliol  in 
all  prAportioiu.  If  we  heat  I  part  of  alcohol  of  the  specific 
gnivily  ((■794  with  one  piirt  of  •tcaric  acid  to  the  temperature  of 
167",  we  obtain  a  solution  which  remains  litjiiid  till  cooled  to 
12*2°.  It  tlien  crystallizes  in  brilliant  sades,  luid  it  become* 
(|uite  solid  at  I  lli".  \\'hen  stearic  acid  isheated  with  its  own 
weifiht  of  clher  of  the  specific  gravity  0-7'27  in  a  tube  shut  by 
the  tinger,  a  solution  talci's  place,  which  is  limpid  at  ItiO",  but 
'  at  134°  it  becomes  soli<l,  and  coiiKBtH  of  a  congorie«  of  brilliant 
plates. 

This  acid  combines  witli  concentrated  sulphuric  acid  with- 
out undergoing  decom]iasitioti.  It  bos  the  projierty  of  re^Iden* 
ing  Tegelid)le  lilues.  It  combines  witli  tli«  bases  and  forma  a 
class  of  ndtK  ndlei)  ttetiraif*.  At  the  ti^'mpeniture  of  t^l'i^  it 
dJaengngcH  carbonic  ncid  from  the  carbotuiles  of  potusl)  oiid  soda. 

When  this  acid  is  distilled  it  gives  out  a  little  carbonic  acid 
and  a  little  carbnrelted  hydrogen,  and  an  oily  matter  passes 
over  which  is  siearit  acid  a  little  altered  in  iLs  ]iro{>erties. 
When  st<-aric  acitl  is  Uenle<l  sufficiently  iti  an  open  vessel  it 
burns  like  vnx.  When  digested  with  nilricnctdit  isconrcrted 
into  an  an<l  which  possesses  peculiar  properties,  but  which 
hitherto  lias  been  very  little  examined.* 

From  the  aiudyses  of  different  BjK'des  of  8teRratc«  by  CIhjt- 
reul,  it  ajtpears  iJint  the  atotnic  weight  is  very  nearly  .^l-SS. 
'I'he  Hcitl  in  its  usual  state  is  a  hydrate,  being  composed  of 
Stearic  acid     ,         ,         .30*B 
Water    .         .         .  1-173 

It  b  obviously  therefore  a  compound  of 

I  atom  acid     .         .         .'W-.'J.I 
1  atom  water  .         ,  l-i'J5 

The  small  surplus  of  water  is  doubtless  meclianically  lodged 
between  the  pariiclee  of  tlic  ncid. 

•  ;«pe  BrsMnnol ;  Ann.  tie  Chuu.  xaii.  SWi  and  ChenviiJ  tw  faf  tvrpt 
gnu,  p.  ia 
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Ficid  was  itnftlyied  br  CWvtcuI  I>v  mcaiw  of  oxudo  of    cimi. 
PCopper,  and  he  found  the  consticucats  to  bo 


Carbon  .         .  80-145 

Hydrogen  .         .  12-478 


lOO-OflO 
IICow  the  number  of  atoms  correspondini;  to  ihfuf  wtriglits  And 
>  die  atomic  weiglil  of  tliv  uvid  i»  the  following : 
2  atoms  uxyfiren  .        .  3 

36  atonu  carbon  .         ,         27 

34  atoms  hydrogen  .  4-25 

33-25 
^l'h«  anaJywt  of  Ch«x-r«ul  gives  2^  aton)!i  oxygen  instead  of  2 
itouM.    But  this  wouUl  inake  tliv  Hlomic  weight  too  high.    W« 
(bat  vtcaric  acid  miwt  bv  of  u  very  complicated  nature 
since  it  contains  no  fewer  than  72  atoms.* 

SECnoK  XXVII. — OF  MABf.ARfC  ACID. 

This  add  was  one  of  tbo  first  which  Chcvieul  discovered,  mmott. 
ut  it  was  only  by  degrees  tliut  lie  uiis  able  to  <]!!<tjii^iis1i 
twcen  stearic  and  margaric  acid.    Itmay  be  obtaiuetl  by  the 
Unwing  process : 

.*Noap  made  of  olive  oit  aiitl  jiotash  is  to  be  maecrated  for  24 
luurs  in  twice  its  weight  of  cold  Eileohol.     The  oleate  of  pot- 
asli  is  cUsM>lved  and  the  margaratc  of  potash  remains  undissolved. 
Jt  inunt  be  well  washed  with  cold  alcohol  and  then  dissolved  in 
0  timvs  It*  w(;i|;ht  of  bulling  alcohol.     When  tlie  liquid  cools 
lUB^unile  of  ))oLi!>b  sliuotn  into  erystaU,  but  still  contamin- 
ated with  a  little  ok'iitv  of  giotasli.    l)ii«olvv  it  uf^in  in  hot  alco- 
hol an<l  allow  it  to  crystallize  a  wcond  time.     ']'■>  Hce  whetlier 
jt  be  now  pure  mnrgunitc  of  potash,  decompose  a  portion  of 
by  iiieaiiB  of  muriiittc  acid,  and  observe  wh'-tht-r  the  aei<l 

lied  fuses  at  140°;  if  it  does,  it  is  pure  marguric  acid,  but  , 
it  doe*  not,  it  b  contaminated  witli  oleic  iicid,  and  the  salt 
ntist  tberofore  be  again  dltyil  ved  in  hot  alcohol  and  erystnllized. 
e  must  proce<-<i  in  tliis  way  till  we  obtain  pure  margarate  of 
This  Kidt  is  to  be  decomposed  by  muriatic  acid,  and 
ii'd  and  purified  precisely  iti  the  way  directed  in  tlie  hut 
lon  for  purifyii^  stearic  acid. 

*  Cbevreul  ntr  b$  torpi  gnrt,  p.  81. 
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'^^^  *•  The  properdea  of  mnrgaric  acid  are  very  similar  to  tliose  of 
Pf^mtia.  stearic  acid.  The  only  characteristic  difference  is  that  it  melt« 
at  140°,  while  stearic  acid  does  not  melt  till  heated  up  to  158°. 
Mai^aric  acid  is  exceedingly  soluble  in  alcohol  and  ether,  but 
like  stearic  acid  it  is  ins(^ublG  in  water.  It  reddens  litmus 
paper,  decomposes  the  alkaline  carbonates,  and  forms  a  genus 
of  salts  to  which  the  name  of  mai^arates  has  been  ^reo. 

Chevreul  analyzed  a  number  of  margarates.  Hie  atomic 
weight  of  margaric  acid  as  derived  from  these  analyses  differi 
somewhat,  as  may  be  seen  by  the  following  table. 


1.  Margarate  qfpotask. 

Margaric  acid 

34-24 

Potash 

6 

2.  MargartUe  of  soda. 

Margaric  acid 

32-81 

Soda     .... 

4 

3.  Margarate  qfbarytea 

Margaric  acid         .         , 

32-84 

Barytes 

9-5 

4.  Margarate  of  lime. 

Margaric  acid 

31-61 

Lime     .... 

3-5 

5.  Margarate  of  lead. 

Margaric  acid 

33-48 

Oxide  of  lead 

14 

The  mean  of  all  these  analyses  gives  us  32-996.     We  nuy 
therefore  conclude  it  to  be  probable  that  the  atomic  weight  of 
this  acid  is  33,  which  is  a  very  little  lighter  than  stearic  acid. 
Margaric  acid  in  its  common  state  is  a  hydrate  compound  of 
Margaric  acid         .         .         83 
Water  .         .         .  1162 

It  is  obviously  a  compound  of  one  atom  acid  and  one  etora 
water. 
conpadtion,      CbevTeul  analyzed  margaric  acid  by  means  of  oxide  of  ct^per 
and  obtained  for  the  constituents 

Oxygen  .         .  8-937 

Carbon  .         .         79-053 

Hydrogen        .         .         12-010 


100 

The  number  of  atoms  which  corresponds  with  these  nomben, 
and  suits  the  atomic  weight  of  the  acid,  is  the  following: 
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35  utomE  aahon  .        .         26-25  ""•"■ 

•12  alonis  by<lrof^«it     .         .  4 


E  33-25 

ic  wei^lit  of  stonrlc  and  nini^;ark  acids  arc  Ibo  Hune. 
But  nuirguric  lund  contnins  one  atom  more  of  oxygen,  one  atom 
^^(W  of  caurboit,  and  tu-o  atoms  lem  of  livilroj^n.  The  number 
^Psf  alons  in  ihia  uvid  amouniii  lo  70,  ii-)i:lv  thu«e  in  Mi^rk-  acid 
unount  to  72.  Tlius  t]ie  differences  between  Uieir  eluinteteni, 
llioii^  not  rery  Btrilung,  are  accomgniniicd  by  a  decided  difTur- 
noe  in  oonpasitiou. 

AECTION  XSTin. — OF  OLEIC  ACin. 

e!d  wM  lintt  described  by  Cbevrcul  in  1813,  under  llic  m-f^. 
of  i/rniMe  Jlitide.  It  nwy  be  obtained  by  the  following 
Moke  a  wap  by  uniting  liuoeed  or  lii^inp  oi)  unth 
potnb.  lyigogt  it  ill  cold  .ilenhol  free  from  water.  The  uleate 
sf  poll^  will  be  diiuolvi'tl,  iiml  tin-  mnr<riirutv  of  polnnli,  wbicti 
ffidsti  only  in  unall  t^uiuitily,  will  rcnmtn  tinacteil  on.  Ia*c 
tbe  solution  be  eva|iornif(l,  anil  let  Ihc  rraitbie  bo  tresttcd  n'itb 
lie  smallfHt  (juanlity  of  ab^ohite  alcobvl  cnpable  of  diHsulvirijf 
iL  l<et  it  l>c  M-|>iiruled  from  tlie  iim:tll  ciuaiility  of  ninrguntte 
«f  potMb  that  remains  undi§solved.  Let  tl  then  be  mixed  with 
water,  and  decomposed  by  boiling  it  witli  muiiatic  arid. 

Oleic  acid  tliuit  obtained  bas  tbe  appearance  of  a  colourless  ifw^'^ 
oiL  At  tlte  temperature  of  60'  its  Hpecific  gravity  ia  0*d&8> 
A  ttw  degrees  below  32°  it  congcnU  into  u  Mtlid  man  composed 
of  needtea.  It  has  a  flight  odour  m>d  taste  of  rancidity.  It 
toay  be  volatilised  in  \-aciio  without  alteration.  It  is  insoluble 
in  Toter.  Hut  in  alcohol  of  the  specific  giavity  0-822,  it  diti- 
wires  in  any  profwrtioii  wliatever.  When  «Titer  is  mixed  witli 
tlie  Bolution  the  aetd  sepurales.  It  discomposes  tlie  alkaline 
cmrixmateA,  strongly  re^ldens  litmus  p!)|ier,  and  forms  a  class  of 
MllKfOr  ratlier  MMtft»,  to  whidi  tbe  name  oiolealta  has  been  given. 

Itoomhuint  in  all  proptirtious  with  stearic  and  iiuiTgaric  ac-i<Is. 
Mlirn  such  u  conijNiunti  i»  tntutt-d  witli  cold  alcohol,  much  of 
tlie  oleic  acid  w  dtmolved,  togctlier  wttli  a  little  of  the  stearic 
or  BHUgKric  iicid.  When  we  treat  tbe  same  compound  with 
•leohol  heatml  up  to  140*  tbewhole  is  dixKolred.  Astlicsolu- 
tion  cooU  crystals  of  stearic  acid  or  margnric  iicid  are  depo^id-d, 
cmitoining  u  little  oleic  acid.  At  a  low  temperalua'  oleic  acid 
unium  wlJji  tulpliuric  arid  without  decomposition. 


OhClI. 


CaoMiiumU 


HMdtf. 
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atomic  wetglit  of  oleic  new!  \»  only  QS-'IS.  For  3-95 :  100 : : 
1*125 :  28"48.  But  littU-  rcluince  caii  be  put  in  this  cstimato, 
as  doabtloss  the  acid  containod  hypromelrieai  u'ater. 

Chevreul  analysed  the  acid  by  means  of  oxide  of  copper,  and 
found  its  coiifttituoiitit  to  be 

Oxygen  .         .  7-699 

Carbon  .         .         80-942 

Hydrogen        .        .        11-359 


100-090 
Tlip  number  of  atoms  corresponding  nntb  thc««  wciglttt 
with  tJie  atomic  wtiiftht  of  llic  iicid,  is  us  follows : 
2J  utoms  oxygra  .         .  2*5 

35    atoms  ciirbon  .         .         26 

30    atoms  hydrogen       .         .  3-75 

32-25 
This  would  make  tlic  ntomic  weight  of  oleic  acid  oidy  33^ 
which  Ui  very  m-iirly  the  moun  of  (liat  dodiiccd  from  tlie  anal) 
of  olealc  of  barytcs,  and  olcate  of  lead." 

SKC-IION  XXIX. — or  PHncESIC  ACID. 

This  acid  was  discovered  by  Chevreul  in  18l7,and  described 
by  him  in  1818,  mider  tjie  name  of  rM/ifiinic  acid.  He  after- 
wards changed  tlic  iihihi;  to  ji^ocfnic  to  avoid  iiinbif^iiily,  as  ibc 
term  drtiihiHif  hiid  bt-oii  already  applied  to  a  vegetjihU-  princi- 
ple. This  acid  e\ii>ts  in  the  oil  of  the  porpoise  (drlphintit 
fflohicrps).  It  exists  also  in  small  quantity  in  train  oil,  awl  ii^ 
tlie  berries  of  the  viburmnn  opuhis,  ^ 

To  prepitre  it  a  sou])  must  be  mnde  in  (lie  usual  way  of  por- 
poise oil  and  putii»b.  Tlii^soapistobc  decomposed  by  tartaric 
acid,  and  the  aqueous  liquid  freeil  Jram  the  stearic,  mArgoric, 
and  oleic  acids  Is  to  he  put  into  n  ehii«e  flank  with  more  tartaric 
acid.  By  this  momiH  niwt  of  the  potuth  U  precipilated  in  the 
state  of  i)itartratc.  The  li(|uid  beJng  distilled,  phocenic  acid 
comes  over  idong  with  the  water.  Siitumlelhetu-id  thus  obtained 
with  barytes,  and  evaporate  the  solution  in  order  to  obtain  ]>ho* 
ccnate  of  barytes  in  the  state  of  crystals.  Put  100  parts  of 
phocenate  of  baryles  into  a  narrow  glass  tube  shut  at  one  end. 
Tour  upon  tlntn  -J05  jiarLs  of  aqueotix  phosphoric  acid  of  the 
speciBc  gravity  1-12,  «nd  agilatv  witli  a  ])1atinuRi  wire.     We 

*  ChcTTCiil  Mr  let  ctirptpiu,  p.  75. 
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obtab,  I.  Sululpho«pluilcori>uryto<(;  '2.  Anaqucousliqiiidsatu-     <^)^{> 

lUed  witliphocenica4:id;  aii<I  3.  Hydratcd  plioccnicacictvluch _! 

•vitBS  upon  the  aqueous  liquid.  Draw  off  tiieplioceiiic  acid  by 
Wfwnn  uf  n  sucker ;  and  duitil  it  by  a  ^fntle  sand  heat  The 
liquid  it)  tlie  receiver  consists  of  two  different  layeni.  Tliat 
next  tlif  button  U  unall  in  quantity,  and  »ecia<«  to  I)l*  u  simple 
solution  of  phoix'nic  iivid  in  water.  The  iippiT  luycr  is  much 
awrv  «bundaiit.  It  is  ii  )iydraI<Nl  plioceiiic  nciil  of  tlic  spedfic 
rmvity  0.933.  at  tlic  U-mpcrutun*  of  8'J'.  Tu  obtain  it  quite 
pure,  nruiMtate  it  in  a  small. retort  over  two  or  three  tiineii  ita 
wei^lil  nf  cliloride  of  calcium,  during  four  dayii.  Tlien  diKlil 
0%-er  a  wiit«r  batlt  till  nothing  more  couie  over.  '  'Die  acid  thuti 
obtnined  Uaa  a  ^j)ccilic  jfRiTity  of  0-93*2  at  68",  and  docs  not 
precipitate  nitrate  of  silver. 

I^occnie  «ci<i  thus  prepared  is  a  limpiil  colourless  liquid  like  IW"|"' 
a  volatile  oil.  Ic  does  not  congeal  though  coolcil  ihiwii  to 
16*.  ItboiU  wh«n  heated  a  few  dcgrxres  higher  than  il'i".  It 
Buy  be  distilled  over  witliout  dvcompositiou.  It  Itas  a  strong 
atelt,  quid*  [leculiar ;  but  bearing  some  aiiali^y  to  that  of  acetic 
and  of  rancid  butler.  It  slain.t  paper  like  oil,  and  gives  to 
IkkIic*  a  dimgreeabte.  sniell  like  Uiat  of  randd  truin  oil. 

hm  a  sliarp  acid  taste,  with  an  I'tlifriul  iinprot<.>ii)n. 

At  the  tempi- nit u re  of  Hfi",  1(H)  purU  of  w«tcr  diswlve  about 
p«ru  of  tliis  add.  Alcohol  of  the  spcdfic  gravity  0-794 
;vea  any  quantity  of  it  wluitever.  It  diiisolves  in  sulphuric 
■lao  in  nitric  acid  without  undergoing  any  alteration.  It 
iHiniH  like  a  volatile  oil.  It  combinefi  iiith  tlie  dillerent  bases, 
■nil  forms  a  genus  of  salts  called  plweennUs.  Chevrciil  niialyiced 
MV0bI  of  the&c  »ults,  aitd  found  tlu*  composition  as  foUou-s: 

1.  PhixoKiU  i]f' barytts. 
I^ioceiiic  ucid         ,         .         11*47 
Burytes         ...  9-3 

2.  Ph<xenate  of  potash. 
I'hoconic  acid        ■        .         ll-Si 
Potash  ...  6 

3.  Phoccntitc  (fkati. 
Phoceaic  acid         .         .         1 1-62 
Oxi<le  of  lead         .         .         14 
!»•  iiumher*  after  phoceuic  acid  in  eat-h  analysis  reprcsciit  the 
oiniv  weiyhl  of  tlie  acid.     The  mean  derived  from  (he  three 
ecedin^  analyses  is  1 1'44.    The  iitomic  weight  derived  from 

I'liat*  of  iime  is  10-79. 
^evreul  suhjvctfd  tJie  add  itself  to  analysis,  by  heating 
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cba^  1.    pliocenate  of  lead  with  oxide  of  copper.  He  obtained  fiw  the 
ceovMiai.  constituents  of  the  acid, 

Oxygen  .         .  .         26-75 

Carbon  .         .  .         65-00 

Hydrogen  .         .  .  8-25 


100-00 

The  nunber  of  atoms  which  correspond  with  these  constitit- 
enla,  and  with  the  atomic  weight  of  the  acid,  is  as  follows, 

3    atoms  oxygen         .         .  3 

10    atoms  carbon  .         .  7-5 

7^  atwna  hydrogen     .         ,  0'9376 


11-4375 
This  number  almost  coincides  with  that  deduced  from  the 
analyses  of  the  phocenates.     Perhaps  we  might,  without  ii^  - 
propriety,  leave  out  the  h^  atom  of  hydrogen,  in  which  cMe 
the  atomic  weight  would  be  reduced  to  1 1-375. 

The  hydrated  phocenic  acid,  according  to  Chevrenl's  inalyait 
is  a  compound  of 

Phocenic  acid  .         .  ll'S 

Water  .         .         .  1137 

We  see  irom  this  that  it  is  a  compound  of  1  atom  add  and  1 
«tom  water.* 

SECTION  XXX. — OF  BUTYRIC  ACID. 

f»**<>^-  The  existence  of  this  acid  was  announced  by  Chevreul  in 

1814;  but  it  was  not  till  the  year  1618  that  he  succeeded  in 
obtaining  it  in  a  state  of  purity.  It  may  be  obtained  by  tlie 
following  process : 

Butter  b  to  be  converted  into  a  soap  precisely  in  the  way 
described  when  treating  of  stearic  acid.  The  soap  is  to  be 
decomposed,  and  distilled  exactly  as  was  described  in  the  last 
section  for  procuring  phocenic  acid.  The  dbtilled  liquid  is  to 
be  saturated  with  barytes  and  evaporated.  The  matter  obtained 
is  a  mixture  of  butyrate,  caproate,  and  caprate  ofbaryteB.  It 
must  be  digested  in  2*77  times  its  weight  of  cold  water  for  24 
hours.  The  undissolved  portion  is  to  be  again  digested  24  bourt 
in  2-77  times  its  weight  of  water,  and  this  must  be  repeated  till 
nothing  remains  undissolved  but  carbonate  of  barytes.  As 
butyrate  of  barytes  b  soluble  in  2'77  times  its  weight  of  cold 

*  Cherrcul,  ntr  let  carpt  grai,  p.  09, 
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HBr«  tlio  whole  of  it  in  fuumi  En  tlip  first  Holution  mixed  with 
■  Irtdc  of  th«  iwo  oUier  aaltn.  Tlie  iirxt  solution  consists  _ 
chiefly  of  caprontp,  and  the  last  of  cnpmte  of  liaryt*-s  m  the 
l(Mt  iMluMe  Kilt  of  (iie  three,  liy  re[>eatt^l  iTyKtulli/ntiun.t  tlic 
hulynitc  of  b«rytet)  is  freed  from  tlie  nilmixturc  of  tjie  other  ■ 
wlu,  nnd  ohUkined  in  a  ^tat«  of  purity,  'i'liv  biitymte  of  barj-tes  I 
H  dieco[n[>o<t(i)  ill  u  t;Uisa  lube  by  mcaiu  of  ptimphoric  aa&,  and  H 
the  b«tr}'tic  acid  obbiinod  precisely  tn  the  same  way  as  the  H 
phoceiiic  acid  iti  obtained,  and  as  the  process  waa  described  in  H 
the  hurt  section.*  fl 

Butyric  acid  thus  prepared  is  a  colouTle<i<i  li(|U id,  which  does  rntnitM 
Dot  cou^il  tiiough  cooled  dowu  to  16'.    It  boiUwben  healed 
m  &w  degrees  hi|{her  than  212°.    At  54)"  its  speciSc  gravity  it 
'9675.     ItM  utlour  is  analogou<i  to  tliat  nf  acetic  ueid  and         "M 
id  butter  cunjoinw!;  sumeu'li:it  .limil.-u-  to  thiit  of  p licet- iiic         I 
acid,  but  not  ho  Htroiig.     It  Mains  pitpcr  like  oil,  but  the  stiiin  I 

iiinppe«ni  by  tlie  evaporation  of  the  acid.    It  has  a  stranc^  acid         m 
taalVi  leaving  an  impression  of  sweetness.     Like  phoeenic  acid         H 

whitens  the  gwrl  of  the  tongue  to  which  it  is  applied.  I 

\^'atcr  dis«olvrs  it  iit  all  proportions.  A  golutiiin  of  two  I 
[KirtHacid  in  one  part  of  water  has  a  i(pts:ii>c  jrnivit}'  of  1-00287.  ^ 
Alcohol  of  the  spci'ifie  gravity  ((■"i)4,  diwtdves  it  in  all  propor- 
tions. The  solution  lias  an  etiieriu)  odour  of  pippins  (pommc 
de  reinettv).  Concentrated  suphuric  acid  dissolves  it  at  60^ 
with  the  evolution  of  lieat.  Cold  nitric  acid  of  thi-  sjH'cific 
Hy  I'JJli,  dtiiAolvrti  il  also  without  any  ulli-niiion.     The 

lutiun  lata  an  ethertul  Hinell.  When  mixed  with  lioj^s-laTd, 
It  (ipves  it  an  exact  rcsembUince  to  butter.  But  when  exposed 
ttr  tJie  air  (he  aciil  j^duiilly  cscap4^'s,  and  the  lard  remains 
■uiaitered.     Butyric  add  bums  like  the  volatile  oiU. 

It  combines  with  ba»es  and  fonnx  a  geim»  of  salts  called 
hulyratrM.     The  following  tidile  exhibits  the  constitution  of 
df  tliese  aalta  as  luialyxc*!  by  Cbe\-TeuL 


^luti 


1.  tSutyrate  ofbanjttt. 
DiityricacHl      .        .        . 
Barylcs 

2.  Biitftrnif.  i^/ime. 
Butyric  add 
Lime  .        .         .         > 


9-73 
9-5 

9-46 
a-6 


Atnnlc 


■  Tbe  roder  will  flfld  a  dctotlcH  trtnlemeni  of  ibc-  pro< 
r  let  rorjM  grot,  p.  8U. 


in  Chetroul 
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"^'- a  BtdyraU  ofpotath. 

Butyric  acid  .        .  9*8 

Potash  ...  6 

4.  Butyrate  of  soda. 
Butyric  acid                .         ■  10 
Soda          ....  4 

5.  Btdyrate  of  lead. 
Butyric  acid                .         .  9-14 
Oxide  of  lead             .        .  14 

The  mean  of  these  numbers  gives  9*62  as  the  atomic  weight 

of  butyric  acid. 

Chevreul  analyzed  butyric  acid  by  heating  butyrate  of  lea;d 

with  a  sufficient  quantity  of  oxide  of  copper.     He  found  it 
^^''Vi^'i^  reBolvable  into  the  following  constituents. 

Oxygen  .         .         .         30-17 

Carbon  .         .         .         62-511 

Hydrogen         .         .         .  7*01 

The  number  of  atoms  best  agreeing  with  this  constitution,  and 

with  the  atomic  weight  deduced  from  the  analysis  of  the  buCy- 

lates,  is  the  following, 

3  atoms  oxygen         .         .         3 
6  atoms  carbon  ,         .         6 

5  atoms  hydrc^n     .         .         0*625 


9-625 
Butyric  acid  in  its  ordinary  state  is  composed,  according  to 
the  analysis  of  Chevreul,  of 

Butyric  acid  .         .         9-625 

Water  .         .         .         1116 

is  obviously  a  compound  of  1  atom  acid  and  1  atom  water. 

SECTION  XXXI. — OF  CAPROIC  ACID. 

UMrr.  This  acid  was  discovered  by  Chevreul  in  1818.     It  wa> 

named  from  capra,  a  goat,  because  it  exists  in  the  butter  of 
the  cow  and  goat. 

Caproic  acid  is  obtained  in  the  state  of  caproate  of  barytes  by 
the  processes  described  in  the  last  section.  The  2d  solution  in 
the  2-77  of  water  consists  chiefly  of  caproate  of  barytes,  and  it 
is  to  be  freed  from  the  small  quantity  of  caprate  of  barytes 
which  it  contains  by  repeated  crystallizations  and  solutions. 
One  part  of  caproate  of  barytes  is  to  be  put  into  a  glass  tube 
with  0*2963  of  sulphuric  acid  diluted  with  its  own  weight  of 

*  Cbevreul  t»  let  corpt  grot,  p.  1 15. 
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After  24  houn;  lh«  caproic  acid  vt-hich  has  sepunttod  is 

to  b*  <lrawn  off.     It  is  lo  be  dijfcsted  for  48  hoiin  on  its  own 

vf  iffhl  of  dtlorido  of  calcium  and  then  distilled. 

Caproic  acid  is  a  colourless  liqiiiii,  reseinliling  a  volatile  oil  "opaii*. 
in  sppt-amice.  It  does  not  congeal  al  16",  and  it  may  be  dis- 
dllvd  over  without  decora  position.  At  79°  itt  sptrcific  grarity 
m  0'9^.  lu  taatv  h  a  sharp  acid,  leaving  a  sweeUiOi  iinjirc^- 
■i«i  on  UiC  paUilf.  Its  smell  resembles  tliat  of  weak  accttc 
aad,  or  nillirr  sweat.  It  whitens  tliose  parts  of  the  tongue  to 
vkich  it  IS  applied. 

Al  t]ie  tetnperuturn  of  45°,  100  parts  of  water  dissolve  1*04 

of  ct])ruic  acid.    Dut  alcohol  of  tlie  specitic  gravity  0-794,  dis- 

ilvp«  It  in  all  projiortioRs.    It  comhinctt  wttliout  decomposition 

ilh  conc<*iitrate<t  sulphuric  acid,  aiid  with  nitric  iwid  of  th« 

;  gnivity  l*iH2.    It  burN.t  with  flame  like  tlie  volatile  oils. 

It  oombiiim  wttli  l>aseit,  and  formx  a  ^onti«  of  salts  called 

Chcrreul  analyziHl  several  of  these  caproates,  and 

btained  the  following  rcsulu : 


1.  CapTvate  <jf  bars/fcs. 

Atcade 
wMfhl, 

Caproic  add 

13- 1 1 

Barytes 

OS 

2.  CaptwUe  of  time. 

Caproic  aviil 

)3-a4 

Lime 

3-5 

3.  Caprvate  of  potash. 

Caproic  acid 

14-18 

Potu«li 

6 

4.  Caproate(ftoda. 

Caproic  ucid 

14-36 

Soda       .... 

4 

le  ineao   of  tliesc  analyses  gives  aa  13'75  for  the  atomic 

ight  of  aiproicacid.     Itwasamilyzed  by 

Chevreul  by  means 

'  oxide  of  copper.     He  found  tJic  constituents  to  be 
Oxygen  .         .         .         2267 

Carbon  .         .         .         68-63 

Hydrogen         .         .  9-00 


(-«i>pw1tMn. 


100-00 
The  atoms  coming  noarcst  lo  tke«e  numbers,  and  corresponding 

Klhe  atomic  weight  deduced  from  tli«  analynes  of  the 
he  following : 


198 

CtButt 
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3  atooiB  oxygen           .         ,         8 

12  atoms  carbon            .         .         9 
10  atoms  hydrogen       .         .         1-26 

13-25 
C^nroic  acid,  in  its  natnr&l  st^e,  is  a  hydrate  composed  of 
Caproicacid  .         .         13-25 

Water  .         .  1147 

It  is  obvioiuiy,  therefore,  a  compound  of  1  atom  acid  and  1 
atom  water.* 

SECTION  XXXII. — OP  CAPRIC  ACID. 

HMoTT.  This  acid  was  discovered  by  Chevreul  in  1818,  at  the  same 

time  with  the  caproic :  and  the  name  was  also  derived  from 
capra,  because,  like  the  two  preceding  acids,  it  exists  in  the 
butter  of  the  cow  and  the  goat. 

It  exists  in  the  aqueous  solutions  of  butyrate  of  barytei, 
described  in  the  two  last  sections,  as  dissolved  in  2-77  water  at 
different  times.  The  greatest  portion  of  the  third  solution 
consuls  of  caprate  of  barytes.  It  is  purified  by  repeated  crys- 
tallizatiouB  and  solutions.  And  tKe  pure  caprate  of  barytes 
may  be  either  decomposed  by  means  of  phosphoric  acid  or 
sulphuric  acid,  in  the  way  described  in  the  two  last  sections. 

p«vMn.  Capric  acid  is  solid,  and  has  the  shape  of  colourless  needles 
at  the  temperature  of  62°.  At  64°  it  melts  into  a  transparent 
colourless  liquid  resembling  a  volatile  oiL  Its  specific  gravity 
at  64°  is  0-9103.  Its  taste  is  acid  and  hot.  It  has  the  smell 
of  caproic  acid  with  a  slight  odour  of  the  goat.  It  is  very  little 
soluble  in  water  at  the  temperature  of  68°,  1000  parts  of  water 
dissolving  only  one  part  of  capric  acid ;  but  alcohol  dissolves  it 
in  all  proportion^. 

It  forms  a  genus  of  salts  called  capratea,  two  of  which  were 
analyzed  by  Chevreul  with  the  following  results : 

1.  CaprtUe  of  barytes. 
Capric  add  .  16-83 

Barytes  .  9-5 

2.  Caprate  qf  sirotUian. 
Capric  acid  .  17*1 

Strontian  .        .  6-5 

The  mean  of  these  two  analyses  gives  16-96  for  the  atomic 

weight  <^  capric  acid. 

*  Cheneul  tur  lei  corpi  grat,  p.  iSi. 
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id  l>eing  analyzed  bi  llic  usiud  manner  by  Clievrcul, 
found  coiiipoA«d  of 

Uxygeu  .         16^5 

Cuboa  74-00 

Hydrogea        .        .        .  ll-7;j 


ClMiL 
01*.  0. 


lOO'OO 
atoms  oomBpooding  hfM  H-ith  ilu<s<-  pn^rtions,  and  cm«i>>w«. 
the  atomic  weight  deduced  trom  tlie  saltt,  are  the 


f<iUowit>g : 


li  Htoma  oxygca 
18  atont  carbon 
14  atonB  liydrogttn 


3 

1-76 
19-25 


iat  if  19-25  I>c  Uiv  atomic  wc-iglit  of  ibe  add,  CheiTeul'g 
Jyttes  of  die  caprst«  do  not  cotisutut^  rcry  near  upproxiiuu- 
tu  the  truth.* 

SECTION  xxxin. — or  iiincic  acio. 
iii'4  Jicid  was  <!i5icovcrpd  l>y  Clievroul  dnriiig  his  rewarchvs 
itty  bodies.  But  its  propertit-s  have  bci?ij  very  imperfectly 
itiited. 
obtain  it  soap  made  of  mutton  tallow  is  to  be  decomposed 
tartaric  or  phosphoric  iici<i.  'Dio  lujin'oii))  liquid  Wing  dU- 
illfd  thi-  liircic  acid  piisurs  over  with  the  wtit4-r,  XuutndiKC 
1  with  hydrate  of  barytes,  evaporate  to  dryuess,  and  decompose 
the  ki/vate  of  barytcs  by  sulphuric  acid  previously  diluted 
wiih  its  own  weight  of  wiitcr. 

It  U  n  colotirletu  liijuiil  which  docs  not  coIlg4^al  at  32°.     It  rntmio, 
in  lighter  than  niiter :  has  a  smell  analogous  to  lliat  of  acetic 
add.     It  is  volatile,  very  liltle  soluble  in  water,  but  very  soluble 
ID  alcohol.     It  rvddoiiN  »tron;r|y  Ulinus  paper. 

Hircutc  of  |wtiub  is  a  dcli(|uesn.'nt  s;du     Hircal«  of  barytet 
i>  not  rery  soluble  in  water,  and  is  compot^od  of 
Ilircie  acid  .         .         12-21 

Barytea  .         .         .  9*5 

Acconllii^  lu  tltis  analyns  the  probable  atomic  weight  of  liirctc 
acidia  12  or  V2-2h.f 

UCTIOM  XXXIV. — OF  BICINIC  AOD. 
lliiii  ocjd  was  dUcovcred  iu   1827  by  MM.  Biissy  aixl  iii»->n. 
L«caiiu.    The  metliod  of  obtaining  it  is  as  follows : 

•  CttSf Wi  tW  k*  tvr/H  grM,f.  143.  ii  Ibtd.  p.  lAI. 
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ciup.  I.  Castor  oil  {oleum  ricini)  is  distilled  over  in  a  retort,  and  the 
product  of  the  distillation  is  boiled  with  water  to  free  it  from  a 
portion  of  acetic  acid,  and  to  get  rid  of  a  volatile  oil  with  whuJi 
it  is  mixed.  The  portion  remaining  is  a  mixture  of  rici'ntcand 
elaiodic  acids.  Of  thb  mixture  one-third  part  is  to  be  distilled 
over.  This  portion  becomes  solid  at  the  temperature  of  50", 
It  is  to  be  subjected  to  pressure  between  folds  of  bloating  paper 
which  will  imbibe  elaiodic  acid,  with  which  it  is  still  contami- 
nated. It  is  now  ricinic  acid  in  a  state  of  purity. 
PrapatiH.  Ricinic  acid  thus  prepared  is  a  white  solid  having  a  pearlj 
lustre.  At  72°  it  melts  into  a  colourless  oil  which  assumes  a 
crystalline  texture  oncooling.  It  may  he  volatilized  in  a  retort 
by  a  moderate  beat  without  decomposition.  It  has  a  strong 
and  sharp  taste.  It  is  insoluble  in  water,  but  soluble  in  alcohol 
and  ether.  These  solutions  redden  litmus  paper.  Its  constitu- 
ents when  in  crystals,  as  determined  by  the  analyua  of  Busbj 
and  Lecauu,  are  as  follows : 

Oxygen  .         .  16-68 

Carbon  .         .  73-56 

Hydr<^en         .         .  9*86 


100-00 
It  would  appear  from  the  experiments  of  the  same  cbemistt^ 
that  ridnate  of  magnesia  is  composed  of 

Ricinic  acid         .         .         25 
Magnesia  .         .  2*5 

This  makes  its  atomic  weight  25.     The  number  of  atoms  cor- 
responding best  with  these  two  analyses  is  the  following : 
*=•■»«*"«•  4  atoms  oxygen  .         .  4 

24  atoms  carbon  .         .         18 

24  atoms  hydrogen         .         .  2:75 

24-75 

But  new  researches  are  wanting  to  enable  us  to  detennine  how 
near  these  proportions  approach  to  the  true  atomic  weight  (^ 
the  anhydrous  acid ;  analogy  leads  to  the  conclusion  that  the 
crystallized  ricinic  acid  contains  an  atom  of  water. 
^'*^  llicinic  acid  when  assbted  by  heat  decomposes  the  alkaline 

carbonates.  Ricinate  of  potash  resembles  soap.  It  is  soluble 
in  water  and  alcohol.  It  is  decomposed  by  calcareous  salts 
and  also  by  common  salL  The  ricinate  of  soda  resembles 
tliat  of  potash.     Ricinate  of  lime  is  insoluble  in  water.     Rid- 
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Qiip  of  nM^HV  ia  insoluble  in  watpr;  but  very  raIhMc  in 
iil«>}iol.  The  same  diameter  uppUes  to  riciiinu>  of  load  and  w 
Kveral  other  ricinatvA.* 


a«i. 

Vn.  II. 


^ 
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This  aoA  was  also  discovered  by  MM.  Bussy  and  I..M8nu 
daring  their  researches  on  easlor  oil :  but  its  properties  have 
bees  very  superficially  examined.  It  may  be  obtaine<i  by  the 
wing  proceos : 
The  eutor  oil  is  to  be  distilled  and  treated  va  described  in 
bst  section,  till  a  mixture  of  rieinic  and  eliiiudic  acid  is 
taiaed  an  there  stated.  'Iliis  mixture  i»  to  be  cooled  to  32'', 
id  then  subjected  to  pressure  between  folds  of  bloating  paper. 
rKdaic  acid  remains  while  tlti-  elaiudic  acid  is  imbibed  by 
paper.  It  U  iw  Ih'  ili«solved  in  alcohol,  ami  Jreed  from  tlie 
(mall  quantity  of  ncinic  acid  which  it  contains,  by  repeated 
erapoTstiona  and  eryslalliications. 

tulaiodie  acid  is  a  yellow  coloured  oil,  con^aling  into  a  solid  mpKitait. 
mtm  when  cooled  down  a  few  degrees  below  82".  It  has  a 
iharp  ta:ite,  and  basasligtit  empyreuinatic  smell.  It  combines 
easily  with  buises.  'I1ic  elaiotiiUr^  of  pcitasli  and  mdn  dissolve 
readily  in  u'uter  and  alcohol.  IIiuni^  of  tnagnosia  an<)  lead  are 
ubie  in  water,  but  easily  soluble  tri  alcoliol. 
This  aci<l  is  insoluble  in  water ;  but  dissolves  with  fiicilily  in 
'alcohol  and  eUier.f 


^iaiol' 
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ncnon  xxsvt. — op  cevadic  acid. 

This  acid  was  discovered  in  the  seeds  of  the  veratrtim  saba-  BWofji 
rfiffo,  called  ctvailUle  by  I'elietier  and  Caveiitoii  durin|r  ilioir 
examiriatlunof  that  vt-^tablc  substance  in  the  year  Ilj2ti4    It 
wax  obtained  by  tJicm  in  the  following  manner : 

llie  seeds  of  tlicveralrum  were  macerated  in  ether,  Uie  action 
of  which  waa  aanated  hy  beat,     'J'bc  other  when  drawn  off  had 

Eiumed  a  yellow  colour.  Tliis  liquid  being  distilled  by  tJic 
11  of  B  water  bath,  the  water  passed  off  colourless  and  left  a 
How  unciuDiis  nuiiicr,  insohible  in  water  ami  soluble  in  alco- 
I  anil  ether.  It  reddened  vegetable  bluets  and  lud  a  strong 
and  peculiar  odonr.  To  determine  it*  iialure  it  wa8  converted 
into  a  soap  by  Iwiling  it  with  potasli  ley.  'I'his  soap  M'as  decoin- 
poaad  hy  adding  to  it  an  excess  of  tartaric  acid,  l-'locks  of 
unctuous  matter  sepaniteil  wJitdi  were  composed  of  oleic  and 
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COMPOUND  OXYOBN  ACIDS. 


tartaric  aci<ls.  Tlio  (iltorvd  liquid  )iad  «  yellow  cnlutir,  to^tbn- 
witU  un  acrid  uiid  add  taste.  When  subjected  Ui  distillatioD 
tlicTC  came  over  an  aqueous  liquid  having  an  acid  taste  and  a 
strong  itmell,  wliile  creain  uf  tartar  and  various  other  vej^taltlc 
)iriiK'i]>U'it  rcinniiicil  in  th(^  rct<>rl.  Into  tlio  liquiil  thuK  nhtainod 
burytcs  wntcr  was  poured,  which  destroyed  thv  acidity  of  thc^ 
liquid  without  entirely  removing  the  Bmell.  Being  evapomtcJj 
to  dryness  a  submance  was  obtained  of  a  fine  white  colour, 
cotnjHiALil  »r  cevadic  acid  unitiii  to  ktry t(^s.  A  ttulfidcnt  qaait- 
tity  of  pho«]ihoric  add  was  added  to  vutunite  the  l)«r)-te«,  and 
a  gentle  heat  being  applied,  the  cevadic  add  sublimed,  and  was 
thus  obtained  in  a  separate  state. 

Ccvadic  acid  thus  obtained,  is  a  ooUd  substance  of  a  fine 
white  colour,  and  crystallized  in  needleti.  It  melts  when  heated 
to  the  temperatitro  of  68".  Its  smell  baR  «  good  deal  of  resent 
blance  to  that  of  butyric  add :  but  is  not  quite  the  same.  It 
sublimes  at  a  moderate  heat.  It  is  soluble  tn  water,  alcohol, 
and  other.  It  combincN  witli  tlie  different  bases  and  forrns  a 
geniiH  of  salt*  cidlvd  ceivn/atrs,  which  have  been  very  imper^ 
fectly  investigated.  They  retain  a  [MirUon  of  the  peculiar  vmeli 
which  distinguiiOies  tlie  add. 

niis  ani\  approndicf  nearest  to  tlie  butjTic  and  phiwenic;' 
but  is  suflic'irutly  <iiKtiugut»lied  by  tlie  concrete  state  iit  wbidi 
it  OJtiatfl  at  tcmpcralurci!  below  Gti". 


di 


SCCTtOK  XXXVII.— OF  CBOTONir  ACTD. 

This  acid  was  discovered  by  IVllcticr  and  Caveiitou  almut 
the  year  I8I!>,*  during  their  examination  of  what  they  con- 
sidered as  the  seeds  of  the  latropba  Curcas,  but  which  wero 
«ft«nranU  fotmd  to  be  tlic  fruit  of  the  crnlan  tiijlimn,  n  tre* 
which  grows  in  the  Moluccas,  and  which  yields  rroton  oil,  so 
much  employed  of  late  years  in  this  country  as  a  purgative.  It 
i«  a  ver>-  poisonous  oil,  whidi  hnd  been  much  employed  by 
medical  men  during  the  17  th  century,  but  which  bud  gone  out  of 
use  in  consequence  of  the  iinoertainty  of  its  operation,  and  th« 
fatal  efTeets  which  it  produced  when  given  in  too  large  dcM.>ti.  To 
ubUiin  cmlonic  acid,  the  cioton  seeds  are  digested  in  ether  or 
alcohol.  TIiv  infusion  being  distilled  leaves  a  combinatinn  of 
oil  and  crotonicacid.  'I'hi^  oily  nuittcr  being  boiled  M'ith  wnler 
and  magnesia  to  dryness  and  digested  in  elher.  the  oil  iAremove<t, 
and  tliere  remains  a  combination  of  crotonic  ad^l  and  inagnes 
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whidi  being  mixed  willi  phosphoric  acid,  and  (Uittillo<),CTOtonic 
■aici  possM  ovrr. 

Bat  bjr  thi»  proce»  very  tiuk'  crotonic  acid  in  obbiined, 
bcanue  no«t  of  it  rcmuinii  uniccd  b>  the  oiL  Tlie  l>est  way  of 
pnorodiitg,  tbereforc,  u  to  convert  the  oil  into  a  soap  by  Ixtil- 
io^  it  with  potiub  ley>  The  soap  in  to  be  itfcoinposed  by  lar- 
loric  scid,  tiiu  liquid  l§  to  be  filtered  and  distilled  in  a  we\l  luted 
■p|NU*tiu(.  Tlie  liquid  that  pasnes  ijver.  ntid  wlik'li  cont»iii« 
Ike  ootonic  acid,  is  to  be  iii^utniliz^'d  witli  )itiryteii  vnitrr,  mid 
mfMrsIed  to  dryness,  'llic  cmtoiiate  of  baTytea  bein^  now 
■bed  with  liigldy  con  con  (rated  pbosphoric  acid  and  distilled, 
ike  crnioiiic  acid  in  subliiucd. 
Crotoiiiv  iicid  thuit  obtainnl  con^ealti  when  cooled  down  to  i^i>i<tii«. 
When  heate<l  a  few  de^ree^  above  Hi"  it  stihliniet*  in  a 
r,  bavirifT  a  stroii);  smell,  and  acting  pretty  Htrnii^Iy  on 
tMWtrilj*  and  eyes.  It  reddens  litmus  paper.  The  taste  is 
and  iu  pf(iportie«  ane  very  poisonous.  It  diwolves  in 
watrr,  idvobol,  and  etlicr.  It  is  doubtless  tliiei  Nubatance  wliich 
givvn  to  croton  oil  its  cathartic  and  pnijioiimiH  <|iuilhit^'i. 

CrotoHolt  iifpotaaii  crystallizes  in  rliomboidul  prisms,  which 

not  altered  by  exposure  to  tiic  lur.     It  dlMolvcK  with  rlitii* 

ty  tni»lcoh«»iiil'tlioH|ienficgnivi(yO*85,  Crotoiiateof  barytea 

lublf  in  wHt<-r,  and  niu-ii  tlie  solution  is  ovaponitcd,  oitlier 

pvnrly  cryatold,  or  tails  in  the  state  of  a  while  powder. 

.to  of  magnesia  may  be  (ibiaiiied  in  sninll  f^rains  very 

uble  in  water.     Crot4iiiat('  of  aininoiiiii  prrdpituU's  iron 

the  sulphate  of  an  Isabella  yellow  colour.     It  precipitates 

iko  «lta  of  lead,  copper,  and  silver  white. 
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SECTION  XXXVlll. 


•  AHDItElC  ACID. 


'      Amberipis  is  a  substance  founil  flniitiiig  in  the  t>ea,  xntrnt 
rntnimitily  near  (ke  coasts  of  India,  Africa,  and  Brazil,  usually 
I  anaaJI  Jiieocis  but  M>m«limes  in  masses  of  50  or  100  pounds 
rigbL     It  is  i^nvmlly  considered  an  a  coticrt'tion  fornietl  in 
intestines  of  tlic  phyneter  ntiicrocepluiluii,  or  tipermaccti 
lie.     It  is  a  soft  sub<^tHnoe,  which  swims  in  wntt-r,  hiiviiw 
1 1^  f^T*7  colour  with  brownish  yellow  and  white  sIrculcM.    It 
extuiiinctl  in  cnnsiderablc  detail  by  Douillon  La  Gnutgc.* 
extmded  from  it,  by  means  of  alcohol,  a  white  sultetJincc, 
which  hf  gave  the  nnino  of  oiUpocin,  becaiu>e  lie  coii.tidered 
an  the  same  with  the  subHtiiitec  which  makc«  its  appearance 
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<**!•     when  de.-wi  bodies  in  gicut  numbers  putrefy  together,  and 

wliieli  the  name  mlipocire  lind  been  given  liy  Ftiurcroy.      But 
being  exBtnitied  in  1820  by  IVlletierandQiveiitmi,  th«y  f«und 
reason  to  consider  it  as  s  peculiar  substance,  difftTcnt  from  every 
other.     On  iliat  account  Uioy  diiiuiiguished  it  by  the  name 
amlirriuf.' 

Ambreine  is  ca»ly  obtuinc<I  by  digesting  ambergm  in  hot 
aMiul,  of  tlic  specific  gravity  O'SiJ?,  filti-riiig  thi-  liquid,  and 
lejiving  it  to  itself.     The  ambreine  is  lU-pnsiu-d  in  a  kind  of 
stulnctiticul  state,  retaining;  a  great  deal  of  nicoliol,  which  may 
bo  driven  off  by  evaporation,  when  the  bulk  of  tlio  nmbreine  U  a 
very  much  diminished.     It  has  a  fine  white  colonr,  is  tust^-lcMf  ^ 
and  lias  at  first  a  sweet  smell,  wliich  is  dis«iputed  by  repeated 
cryMtjitlizatiuns.     It  is  iimoluble  in  water,  but  dissolves  readily 
in  ether  and  alcohol  of  the  temjicntture  of  50*.    It  does  not  red- 
den litmus  paper.     It  mellj^iit  t*6'.    When  heated  above  'il'J' 
it  become-*  brown,  exhitU's  u  white  Asmoke,  luid  tt  partly  decom-^ 
pose<l.     Tho  white  nnoke  contusts  nf  ambreine  uiialteied.     I^fl 
is  inaipid>Ii:  of  forming  soap  with  alkidien. 

Pelletier  and  Caventou  found  that  when  treated  witli  nitric 
acid  and  heat  it  dissolves  and  svells,  while  abundance  of  deuu 
oxide  of  azote  is  driven  off.     The  ambreine  becomes  firtt  grpon 
and  llien  vellow.      It  i»  now  c^iivcrti'd  into  a  peculiar  acid,  to     . 
which  Pelletier  and  Caventou,  the  discovervr^  have  given  th«S 
name  of  ambreic  acid.  •^^^ 

To  obtain  this  acid  we  have  only  to  heat  (unbreinc  witli  nitric 
acid  till  it  ceases  to  undergo  any  liirther  change.  Then  eva- 
puntte  cantioiiHly  to  dryneM ;  wash  tlie  dry  ma.sit  with  culd  water 
to  remove  an  much  of  the  acid  an  potwiblc,  tlien  l>oil  it  with  u 
lilllc  wirhoniite  of  leaH.  If  we  now  wash  it  with  cold  water  till 
the  solution  ceases  to  retain  any  truces  of  lead,  we  are  certain 
that  the  nitric  acid  has  been  completely  removed.  We  have 
Mily  now  to  digest  the  residue  in  alcohol  and  set  the  solution 
■tide ;  the  ambreic  acid  cr}-MtalLixe«  in  timall  plates. 
PnpMiih  Ambreic  acid  when  in  masses  is  yellow,  when  mucli  divided 
it  appears  white.  It  has  a  peculiar  smell,  quite  different  from 
that  of  ambcrjiris.  It  reddens  litmus  paper.  W'lien  heatetl,  it 
is  decomposed  without  furnishing  any  iunmoni.'t.  It  remaius 
Holid  when  heated  lo'2l'J°,  while  cholcstcric  acidfoses  ut  136% 
Thin  constitutes  a  striking  distinction  between  them. 
m.  Ambreic  acid  is  also  much  less  soluble  timn  cholcsteric 
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CIIOLLKTERIC  ACID. 

and  ^li«r.     It  is  soluble  only  to  a  very  small  oxtrnt  in 

■nUt,  though  ho*  water  cItSMtlvc:*  mort-  of  it  tliiin  coW  water. 

This  acid  omnljine^  witli  liuKCr*,  iind  forms  a  gvims  of  salts  called 

amtreatfJi.    With  potUAli  itcomhincs  in  two  j>ropnrtionH.    Tiie 

binambreate  is  insoluble  in  water,  but  soluble  in  alcoliol.    The 

DTutnil  auibr^ute  disMolvc-J<  iti  water.     This  xtlt  tlirow^t  down 

fellow  pTPcipitutrs  when  droppwl  iittu  solulioni*  nf  cliluride  of 

^Le«U.-ium.  eliloride  of  i>iirium,  6iil|ilintc  of  copper,  sulphate  of  iron, 

^■kitmte  nf  siUer,  acetate  of  lead,  cbloride  of  mercar)',  of  tin,  and 

KfRoM. 

No  altomptA  }Mveb»on  made  Ui di'Ioriniue  the  atomic  weijjht 
of  thia  acid,  or  to  niialyite  it.  But  it  is  obvious  from  tliv  phe- 
nomena of  tta  decomposition  that  itji  only  constituents  arc 
■asygen,  carbon,  and  hydrogen. 
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SECTION  XSXIX. OF  aiOLKSTEKlC  ACII>. 

Poulli'tier  do  la  Sidlv  firtt  examined  one  of  the  most  common  (niuimcrinB.' 
cpccirs  of  biliary  ndtruli,  lUid  by  nwaiu  of  alcohol  c.vtructfd  a 
Aubstailc«in  plates,  somewluit  like  jc/TrnNnrr/i.    Fonrcroy 
eoiiiiidering  it  as  aiudogous  to  the  soapy  matter 
iA  from  the  dead  bodies  which  had  been  left  in  great 
iBubcrs  in  pilM  in  the  hnrtjd  f^round  of  the  Inuocent^  in  Pari.'*, 
ua  that  acc-utnit  calU-fi  it  aiH/iucire.     Chevreal  cxiunint-d 
1616,  sliowcd  tliut  it  pntH-wrs  peculiar  properties,  and  on 
MCOnnt  gave  if  the  name  of  clmlfstcrim;* 

coQtinu«s  twltd  till  healed  up  to  the  t^roperature  of  27R',  rropcnkit 
n  it  ini'lU).     Oil  being  allowed  to  eonl  it  crystallizes  in 
late*  nwiiuUni;  from  a  c^-ntre.     It  in  tasteless  and  deMitutv  of 
*ll.     It  is  iuNuhible  in  water,  hut  100  parU  of  hciitin^  alco- 
of  tJie  BiK-citie  ffrnvity  0-Sl  7  diwolvc  1 8  pjirt*  of  it,  hut  on 
liu)r,  the  griiile»t  part  of  the  choleatcrinc  is  deposited  in 
brtlUant  Males.     It  lias  no  acid  properties,  and  is  incapable  of 
■inji  converted  inu>  soap  when  boiled  with  the  alkutit^''.     It 
composed,  acwiniing  to  the  aiialyuls  of  Clicvrcul,  of  comjBrtUoo. 

Oxygen  .         .         .  3-025 

Carfwii  .         .         .         P5-095 

Hydrogen      .        .        .         11-880 


lOO-OOOt 

iow  tlte  smallest  number  of  atoms  tliat  correspond  with  these 
irtiuiu  a  tlie  following : 


■  Vnm  ;^q  il>'^)t  onil  ^'f">  (taSii).         f  Sur  lot  Corps  gru,  p.  1^ 
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144  COMPOUND  OXYGEN  ACIDS. 

'^•9-i-  1  atom  oxygen      .         .  1 

38  atomg  carbon      .         .  SB'S 

32  atoms  hydrogen  .  4 

83-5 
So  that  the  atomic  weight  of  cholesterine  cannot  be  less  tbao 
33-5. 

Pelietier  and  Caventou  ascertained  in  1817  that  when  cho- 
lesterine is  heated  with  its  own  wei^t  of  nitric  acid  till  no  man 
deutoxide  of  azote  is  disengaged,  there  separates  a  y^lov 
matter  which  possesses  acid  properties,  and  to  which  they  gave 
the  name  of  cholesteric  acid.  When  the  acid  liquid  is  diluted 
with  water,  an  additional  quantity  of  cholesteric  acid  separates. 
By  repeated  washings  in  water  (in  which  it  is  scarcely  Mluble) 
it  may  be  freed  from  nitric  acid  and  rendered  quite  pure. 
^Sj"***  Cholesteric  acid  has  an  orange  colour  when  in  mass,  but  if 
we  dissolve  it  in  alcohol  and  allow  it  to  crystallize,  we  obtain  it 
under  the  form  of  white  needles.  Its  smell  is  somewhat  analo- 
gous to  that  of  butter.  Its  taste  is  styptic,  but  exceedingly 
slight  It  is  lighter  than  water,  hut  heavier  than  alcohol.  It 
melts  when  heated  to  136°.  At  a  temperature  somewhat  higher 
than  that  of  boiling  water  it  undei^oes  decomposition,  being 
converted  into  an  oil,  water,  carbonic  acid,  and  carburetted 
hydrogen. 

It  combines  readily  with  the  bases,  and  forms  salts  call«d 
cbolesterates.  They  have  all  more  or  less  colour.  Iliose  of 
potash,  soda,  and  ammonia,  are  very  soluble  in  water  and  ileli- 
quescent.  They  do  not  crj'stallize,  and  are  insoluble  in  ^oobel 
and  ether.  All  the  other  cholesterates  examined  are  very  Ikde 
or  not  at  all  soluble.  Cholesterate  of  barytes  is  red,  and  vaj 
little  soluble.  It  is  composed,  according  to  Pelletter  toA 
Caventou,  of 
Atomie  Cholesteric  acid         .         .         I6"S8 

Barytes  ...  9'5 

Cholesterate  of  strontian  is  insoluble  in  water,  and  has  an 
orange  colour.  According  to  tbe  analysu  of  the  same  chemists, 
it  is  composed  of 

Cholesteric  acid         .         .         17-57 
Strontian  ...  6*6 

The  cholesteiate  of  lime  is  very  little,  and  that  of  magnesia 
not  at  all  soluble  in  water.  The  cholesterate  of  alumina  has  a 
fine  red  colour  while  moist,  but  when  dry  it  becomes  darker 
coloured,  and  has  lo«t  its  beauty. 
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CboleMcmte  of  lead  ia  brick  rm),  aiii)  b  compnsed,  according 
to  tite  Biu]y«e«  nf  Pellctirr  iind  Cavcnuiii,  of  very  nearly 
'  ChoU-sti-ric  acid         .         .         20 
Osidc  of  Irad  .         .         56 

Notr  56  represents  four  atoiDS  of  oxide  of  lead.    Tito  Hslt  must 
therefore  lie  n  tetraki-cliulpsterate  of  lead. 

The  iitoinic  wciglu  of  cLulcnt^ric  acid,  deduce<I  from  the 
dirve  preceding  analyses,  ranes  loo  much  Co  admit  of  any  very 
aocunite  deductions.  By  cholesteratc  of  lead  it  is  '20,  while 
dmlniteiatc  of  barytcs  makes  it  only  lfi-88.  The  meati  of  the 
llitvo  luuily'*)^  muke^  the  atomic  weight  ld'15.  Probably 
crrforc  it  is  about  18, 

Whet!  cbniesteratc  of  potash  ia  dropped  into  nitrate  of  mer- 
ry, a  tilnck  prcdpitutc  fiillx,  while  with  the  pernitnite  nf 
iMvury  the  prccipitnte  is  red.  W'itli  copper  Hiltx  au  olive 
precipitate  is  obtained.  The  choleHtcratc  of  zinc  has 
fine  red  colour,  and  is  little  soluble  in  water,* 
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SECTION  XL. — OF  PINIC  ACID. 

In  the  year  1626  M.  Bimp  inserted  a  notice  in  a  periodical  HUMrf. 

,t  that  he  had  dkcovered  ptHic  acid  in  the  rwn\  culled 

I,  crytUallized  in  trianguhir  |>lati>s,  soluble  In  4  limes  ltd 

t  of  alcohol,  but  insoluble  in  water,  white  tlie  resin  of  the 

nun  rtAt>« yielded  anotlieracidcrystallized  ins^tiareplates.and 

bic  io  7J  timcJi  itn  weight  of  alcohol,  to  which  lie  giive  (he 

of  atielic  acid.      He  Htatcs  iiotliing  fnitlior  reHpectitig 

ucmIh  ill  lii»  xhort  notice  above  referred  to,  oo  tluit  it  is 

ipoMubIc  to  uy  whether  \i\n  acids  be  tlie  game  aa  those  of 

nverdorben. 

Unverdorben  bad  been  occupied  with  the  examination  of 
for  several  years.  He  bad  sbowii,  at  least  a»  euily  as 
the  yew  )825.t  that  colophon  poemsses  the  cbaructcnt  of  lui 
unA.  His  account  of  pimc  acid  api>earcd  in  1827.}  He  has 
■kowii  tliat  resins  are  tliviaible  into  two  sets,  namely,  thoso 
which  have  acid  properlicH,  an<l  tltose  which  are  indilTeront. 
rcNiiis  from  the  piur  tribe  lieloiil<  to  the  firsi  set,  but.  they 
■fere  seldom  pure,  beiiifrgi-nenilly  mixed  wilh  fort^igii  bodies  itml 
iritli  resinous  substances  which  are  indilTeront,  Piaic  acid 
ly  be  procured  from  cofophoH  or  common  white  resin,  and 
coaiBion  and  Ventiiaii  turpentine.  To  obtain  it  pure,  we 
y  prorvett  as  follon'H : 

•  Ann.  <l«  ll.i.1..  «  dc  rtiy*.  vi.  401.  f  Ibi<l.ix»i.  109. 

t  PoGKC^'ilorf'i  Amialcn,  ni.  311.  anJ  viii.  31^.  +''7.    i  Ibid.  iii.  47. 
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Distil  Venetiiiit  turpentine  with  wuter,  frequently  renewing 
'  tliat  liquid,  till  hotJi  tlio  more  itnd  less  volatile  oil  of  turpentine 
has  piuuiecl  over.     Dissolve  the  residual  resin  in  nicoliol,  nti*! 
mix  [lie  li(]iii(l  with  a  solutioj)  of  acelJite  of  copper  in  aleohol. 
Pinntc  of  copper  precipitatcH,  ^v-hicll  must  be  collected  on  nfl 
filter  and  wathed  with  abKoltite  alcohol.     Then  dtssolre  it  in 
aleohol    eonlaininir    muriatic    acid,    itnd    mix    the    solution 
with  its  onii  weight  of  v.'ster,     Piiiic  acid  fidU  down,  hikI  it 
to  be  freed  from  ulculiol  by  boiling  it  in  u'aler.     Pinic  acid  ^ 
thus  obtained  slitl  contains  mixed  with  it  &  &mall  quantity  of^| 
resin  not  soluble  in  alcohol, 
rnpviuth         Piuic  acid  is  hard  and  brittle,  and  becomes  electric  when 
niUied.    When  procured  from  turpentine  it  is  transparent  and 
coloiirlew^.     It  haK  no  »inell,  but  Ih  di-'itingiiished  by  a  bitterish 
taste.     M'hen  fused,  it  ast^umcs  »  brown  colour  in  eonscquencc 
of  the  formation  of  cf^ophonir  acid.    By  an  iucreinse  of  tlie  heatfl 
it  flows  thin,  and  when  made  to  boil,  at  least  one-fourlh  of^* 
it  is  converted  into  colophonic  acid.     When  distilled  in  it  small 
glass  retort  it  gives  out  a  little  carbonic  oxide  mixed  with  ear- 
bureltcd  hydrt^en  gitst,  with  a  yellowish  tar,  owing  to  the 
mixture  of  resic  acid  and  a  little  u'aler.     Tbitt  water  contains 
acetic  acid  and  a  little  resin,  with  vohililc  oil  and  odorin.    The 
tar  contains  acetic  acid  and  some  cohptionk  acid,  mixed  with 
much  pinie  acid.     When  the  distillation  takes  place  in  a  large 
retort,  almost  all  the  pinic  acid  is  decomposed. 

It  is  insiihible  in  water,  but  soluble  in  alixihol  and  ctlier.    ItJ 
dissolves  also  in  btsulphurct  of  carbon.     It  dissolves  ahra  io] 
concentrated  sulphuric  acid,  and  is  ngain  precipitated  by  water. 
It  dl'-fiolvcs  also  in  oil  of  turpentine.      When  fused  with  the 
alkaline  carbonates,  it  drives  otT  the  carbonic  acid  very  rapidly. 

Pinic  aciil  acts  pretty  powerfully  as  an  acid,  but  in  order  to 
judge  of  lb*  activity  it  miiiit  be  di^olved  in  ether.     If  to  an 

lerial  solution  of  pinic  acid  we  mid  curbonalc  of  copper,  tlie 
nic  acid  is  grndiuiUy  driven  off  with  an  eflervoscence,  and 
oxide  of  copper  dissolves  in  the  solution.     When  acetate 
of  eop]>er  in  tine  powder  is  Rd<lt'd  to  such  an  etherial  solution 
Rt  the  temperature  of  60%  the  salt  li  graduidly  decomposed,  | 
ami  the  oxide  of  copper  combining  with  the  piuic  add  colours  | 
the  liquid  ;jreen.     Pinale  of  co|)per  i*  d(-oompo«ed  by  muriatic 
idd,  '>ulj>huric  aciil,  nitric  acid,  ami  ])hir^)buric  acid.     The 
carbonate,  acetate,  and  most  of  the  volatile  vegetable  add  com-  H 


I 

I 
I 


pounds  of  oxide  of  copper,  are  decomposed  by  pinic  acid ;  but 
the  sulphate,  nitrate,  and  pbospfaote  of  copper,  ore  not  altered 
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it    It  M  earioiut  that  tite  etherial  solution  of  pinic  ttcid  does 
art  ii|>oii  black  oxiile  of  cojtpcr ;  at  leaat  it  Hcarcely  aci|itirm 
gre«u  colour  after  some  woeW  <]ii;eslii>ii:  iit^ttlii-r  do^s  it 
irapOHC  or  (liiwolvc  nrlKiiuiU'  uf  timi;.     But  act'titc  of  lime 
mulily  dccoa)(>oo<-<l  by  tite  idcoholic  eulutioii  of  pinic  acid. 
Kriate  of  lime  k  imperfectly  de«itnpa«od  when  fused  with 
acid.     Ari<l  the  wiine  remark  applieti  to  muriate  of  innp;- 
■Hik.     Th«  oorimnatcs  of  potash  and  soda  arc  very  readily 
pMcd  when  boilfd  in  a  solution  of  pinic  acid  in  oil  of 
I)  tine. 
AtNMic  acid  partially  dt-compoxoK  piiiat<>  of  cop]>cr.     There 
ieDoitia  a  mixture  of  pinic  acid  and  pinatv  of  cupfwr.     But  on 
etbar  band  pinic  acid,  in  the  state  of  n  fine  powder,  deoom- 
ttoetalc  of  copper :  acetic  acid  is  disengaged  and  pinat« 
copper  formed. 

Pinic  acid  combines  with  the  different  ba^eti  and  destroj's 
alkaline  qualities.   T)ie  pinaies  formt-diu^  usually  neutral, 
resemble  reitin  in  their  ii)i|iearatii-(-,  and  nunc  of  tlicm  arc 
le  of  crj'stallixin^.    They  ore  soluhle  in  alcohol  and  ether, 
the  alkaline  pinutes  also  in  wutor.     Tlic  alkaline  pinatca 
be  formed  by  dif;e»tiitg  the  solution  of  pinic  uctd  in  ether 
an  alkaline  carbonate.     The  earthy  luid  metalline  pinates 
dcMibl*  (lecoinpoMtion  by  uddiiig  a  solution  of  salt  containing^ 
baM  to  a  solution  of  pinabe  of  potash  or  soda. 
Unverdorben  nuaijzed  several  of  the  piiiates  in  order  to 
lermiuc  tlie  atomic  weight  of  pinic  acid.  The  results  were  na 
bUows:* 

1.  PmaU:  of  Limt. 
Piniencid        .        .  07-64 

Una  .  9*5 

2.  Pittale  of  Moffnrgia. 
I*inic  add         .         .         .         67-3 
Magne^a  ...  2-5 

3.  Pinate  of  barges, 
PEnicacid        ...        78 
Borylet  ...  9-5 


»!•.  ir. 


A  unit 


•  naae  analpa  are  dcrireJ  from  the  Kiniviuents  oT  l.eopold  Omdin  in 
b  Bandbucb  der  Th«an;tMi-l>«n  Cljeinif,  vul.  ii.  p,  5S3,  tee.    They  tm 
I  by  UfiT<rdariica  while  giving  ho  iici-uunl  oftht  combiiiiiiion  of  colo- 
I  «^tli  iMWn,  Po^ndorTii  Annnlm,  tii.  312.     Onii-lin  uyi  that  Uiiver- 
I  hhnMirram  the  elomic  weight  of  pinit  acid  at  AO'S,  but  I  ilo  nM 
f  fron  what  data  he  has  drawn  hit  conduuoiw. 
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4.  Pinate  t^soda. 

Piiiic  acid         .         .         . 

Sofia 

5.  Pinate  of  potash. 

Pinlc  acid         .         .         .         65-7 

Potasli  ...  « 

The  pinates  of  baryWs  antl  sorla  deviate  so  fiir  froin  the  ol 
that  we  caiinot  include  tiit'in.     'rh«  inoiiii  atomic  w<>i^l)t  of] 
pinic  acid  derived  from  tlie  others  \%  66-95.     Wo  may,  tlicro-  [ 
fore,  jiitch  iipoii  67,  as  not  fur  from  the  truth. 


OfCdopkonie  Acid. 
■■M^h  Colnphon  xi  the  name  ^iven  on  tlie  continent  to  tlie  brown, 

brittle,  Komitninvpuront  rettin,  which  remiiias  when  turpentine 
baa  been  subjected  to  distillation  in  order  to  obtain  oil  of  tur- 
pentine. Unveniorbcu  first  showed  tliot  it  wan  eapable 
neutralizinfT  alkidinp  bodies,  and  tlierefnre  po^aiesxed  prnjx'rtii'* 
analogous  to  acids.  Indeed  as  it  has  been  lon^  employed  in  ihia 
country  in  the  niaiuifiictory  »f  soiip,  thi)«  inference  mijrht  hav« 
keen  very  naturally  drawn,  tboufrh  1  am  not  auiirc  that  any 
chemist  in  this  country  actually  drew  it.  From  Uiiverdorben'* 
experiments  it  appears  that  pinic  arid  when  stronglv  heated 
l)eeom<-s  brown,  and  is  partially  converted  into  colophonic  acid. 
Coloplionic  add  seems,  therefore,  very  closely  connected  vhh 
pinic  acid ;  and  l^nverdorbon  has  nowhere  pointed  out  in  what 
the  difVcrence  between  them  consists.  Accordiiifr  to  tJie  analysis 
of  Giiy-Liissac  and  Thenttrd,  colophon  is  composed  of 
Hydrogen  .         .         10-719 

Carbon  .         .         .         76-944 

Ctygen  .         .         .         13'337 
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which  I'nTenlorhen,  from  bin  experiments  on  the  atomic  weight 
of  colophonic  ncid,  has  resolved  into 

119  atoms  hydrogen         .         .         14-673 
fiS  atoms  carbon  .         .         51*75 

9  Rtotns  oxygen  .         .  9 


i 


75fl2r) 

This  would  make  its  atomic  weif^ht  75-025.     Ilut  the  atomic 
weight  derived  fnim  his  analyseH  of  several  colophcinatcs  conctH 
nearly  to  the  same  number  as  that  given  in  the  last  section  for 
pinic  icid.     In  fact  the  data  from  which  that  number  was  got. 
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Oami. 
Or.lL 


the  nimlyKU  of  coiophoiuitos.    Now  iho  number  of 

eom-)>iKiriding  wild  the  iitomic  wvlf^ht  of  67,  utid  wiUi 

I  Ae  wuilyBts  of  colophoa  by  Gay-LiUMc  uiul  Tlieiiunlf  m« 
04  atoms  liydrogcii  .         ,  8 

67  atoins  cariM>n  .         .         50*^5 

9  atomii  oxygen  .         ,  9 

fi7-25 

This,  tberefore,  ouglit  to  repreiiPnt  tlie  ittomtc  conaiituliou  of 
eolapliuuic  acUl,  uccordin^  to  tlio  data  furnUbed  by  Unver- 
dorbem 

M.  l^ivenlorbcti  states  tbat  colopboD  ia  not  pure  colojiboiiio 
arid,  but  tbat  it  is  cootamiiiated  by  a  inixlur«  of  an  indiffcrvnt 
min.  But  he  ha.4  uo  wliere  (riven  a  proccst  by  wbicb  it  nuiy 
be  purified. 

W'beii  ibmu'ti  dou'n  from  an  nlkitlino  solution  by  means  of 
add,  it  it)  ill  the  state  of  n  bydniti',  composed  of  100  colo- 
ao  and  13-1  water.     This  ts  very  nearly 

t  atom  colophon  ,  67 

6  atoins  wut^r  .        .  9 

76 

sKcnoN  xLi. — or  silvjc  acid, 
Tbiti  aod  forms  one  of  the  constituents  gf  the  common  lur-  hw«a 
»tiiie  which  exudes  from  the  pinut  siktMrU.     IIenc«  the 
given  it  by  ITnvprtlorben.     He  cotuidert  it  a»  idenlicid 
rilb  the  crystalline  HUJMtanee  which  Kii>«:«  met  with  in  white 

C'icb,*  oiul  iikcwlte  with  tlte  alue lie- acid  of  B»up,  mentioned 
the  Um  wctioii.     It  may  be  obtained  pure  by  iJie  followinfr 
proceaa: 

Mix  commou  turpentine  with  water,  and  distil  to  get  rid  of 
the  volatile  oil.  Difjvst  tlie  residual  mutter  in  eold  aleobol  of 
the  specific  i^rarity  0'B83,  wbk-h  will  leave  undUsulved  most 
•f  the  silvic  ad<l,  mixed  with  u  small  qu»ntity  of  pinie  aeid. 
Then  boil  tliis  undbwolved  residue  in  twice  its  weight  of  iiU-ohol 
of  the  specific  gravity  0*883.  j\e  the  solution  cools  tlie  silvic 
•till  precipitates  utill  mixed  with  aliout  four  per  cent,  of  piiiio 
■dd,  but  from  thi.i  it  may  be  freed  by  repeated  solutions  in  thi! 
beiBi^  hoi  alcohol  of  0-883.  Or  if  the  preci](iiate  be  digested 
lepenteiUy  in  cohl  alcohol  of  the  sjieeifir  f^viiy  0-t^^  tliepiuic 
acid  will  be  dissolved,  ii'liile  tlie  greatest  part  of  the  «ilvie  acid 
*  J»lti1)UL-li  <ics  Pul^icclini«chcn  Inttiliita  ni  Wicn,  i.  4S6. 
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caw  I  will  rcmaiii  unaltered.  lint  the  ».'a»ic«twi»y  of  obtninin^  it  pure 
is  to  tliwolvv  the  impure  add  iii  twit-c  its  wi-ight  of  absolntc 
alcohol,  containing  j^th  of  its  weight  sulphuric  acid.  Wheo 
tlic  solution  cooU  tlie  silvic  nvlil  Khoota  into  large  cry«tul8,  free 
fniin  )>inic  and  Kiilphunc  ocid,  provided  lliey  be  wii»hc<i  iu 
ulctihul  «f  iht;  Kpccilic  gnivity  O'SBIJ. 
rnvtnks.  Silvic  acttl  is  trdnspurvnt  otid  ccilourle»&,  and  has  tho  form  of 
low  foiir-sido<l  prisms,  tcrminatc<l  by  a  four-sided  pynuni<l. 
When  hontcd  it  mi'lls  into  u  colourless  mans,  willionl  any 
appouraiicA  of  crystallization  .When  scratched- with  u  hard 
liody  it  breaks  H*itb  a  slight  cnick,  us  happens  nhto  to  piniu 
acid,  tt  is  nearly  as  hard  as  colophon.  When  nibbed  it 
becomes  electric.  When  healed  it  become*  soft  and  thro-iwly. 
It  iases  nt  llie  Icmperuture  of  about  SIS*. 

It  is  insoluble  la  water,  hut  ilissolvcs  in  alcohol  and  «ther. 

M'heii  heated  to  rWH"  it  gives  out  no  water.  When  raised 
to  a  higher  temperature  than  this  in  a  retort,  it  become*  lipil 
thick  and  tlien  quite  fluid,  given  out  a  little  water  and  irmpy- 
retimatic  oil ;  it  then  boiU  iinii  gives  out  no  more  water,  hut  is 
converted  into  oil  at  firtit  limpid  but  heeoming  graduiilly  thick, 
while  at  the  same  time  a  little  gas  b*  disengaged.  If  the 
process  be  stopped  when  two-thirds  of  the  matter  has  passed 
over  the  renidue  i»  light  brown,  and  consists  of  a  mixture  of 
silvic  acid,  pinic  ticid,  a  little  resin  simiW  to  pinic  acid,  ami  a 
neutral  resin  soluble  in  absolute  alcohol,  from  whieli  it  falb 
when  left  lo  spontaneous  crystallixallon  in  colourless  crystalline 
Socks,  M 

When  silvic  acid  t«  boile<l  in  nitric  acid,  tt  slowly  undergoes  B 
decompaction,  being  changed  into  a  yellow  resin,  which  when 
diaiolved  in  alcohol  stroi^ly  reddenis  litmu.t  {naper.  I'hift 
altered  resin  posseeses  also  tlie  properties  of  an  acith  aitd  com- 
bines with  tlie  diRerent  bases.  Silvic  acid  dissolves  n^dily  ia  fl 
ftnl[^iuric  acid.  The  solution  U  yellow  brown,  and  wuter 
throws  down  from  it  a  mixture  of  a  little  silvic  acid  with  H 
great  deal  <^  pinic  aci<I. 

Silvic  acid  may  be  obtainetl  in  the  state  of  a  hydrate  by: 
tltrowing  it  down  from  iu  mlution  in  potash  by  meaits  of  aj 
stronger  acid.  The  water  does  not  separate  unless  tho  sUvto] 
acid  be  mixed  with  o.xitlv  of  lend. 

Unrerdorben,  to  whom  u-e  are  indebted  for  all  the  Gncts] 
napecting  this  acid  which  have  beet)  stated,  examined  also  a 
nmnher  of  the  W/rWfjt,  and  determined  llielr  properties.     Bui 
as  lie  made  no  attempt  to  aiudyite  any  of  these  nils,  we  arc 
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i^onnt  of  the  atomic  weight  of  tliu  avu). 


It  m  doubtless    "™  '- 


RKCTIO!!  XUI. — OV  CAIIOAZOTIC  XCID. 
It  Win  dtscovcrvtl  by  IlauMtnann  in  1788,  tJiat  wh«i)  tW/j^o  "i»«t. 
k  m-at**<l  wiili  nitric  acid,  ii  i«  conrerted  into  a  jellow  colwurcd 
ud  IniUr  tasteil  aub«>Uui»>,  wtiicb  hiv  l>eeii  ever  since  known 
bjr  tbe  name  of  Oitter  principle  ^indiijo,^     It  u'as  afterwards 
nwniiied  by  Fourcroy  and  VaDqucltn-l     And  iit  a  Still  lalter 
period  by  Ciievreiil.J  wlio  i?ndcavuurv4l  to  hIiuw  dial  it  Mit-t  a 
compound  of  nitric  ncid  witli  s  peculiar  priiici|jle  drrivifd  from 
I  buli)^     lu  1827  an  elaborate  set  of  cxficrimcnts  was  nuuli;  on 
hk  by  M.  Licbi);,!  trbu  demonstrated  it  to  be  a  jicculiur  acid 
[oompOMd  of  azote,  airboii,  and  oxygen;  but  without  any  trace 
[of  tiilric  acid,  and  to  which  lie  gave  tbe  name  of  atrbasotie 
\ocid.%     Ilia  mode  of  obtaining  lbi«  acid  in  a  state  of  purity 
I  was  asi  fullowit: 

llie  bvKt  iod^^  reduc4-d  to  a  coarse  powder  h  digested  with 
I'R^I  tit  ten  tiiiien  its  wi-ig)it  of  nitric  ncid  of  mean  otrength  at 
rcry  niudcrutt!  tcm|M'Tittiire,  It  dissolves  witli  a  copious 
^•mission  of  nitrous  fitmi-^  while  it  froths  up  very  considerably. 
j  After  the  violent  ebullition  is  over  it  is  raised  to  the  boiling 
I  lempeiature.  Then  a  little  more  coiicentmted  nitric  acid  ts 
[luhled,  and  thw  ii  perwsied  in  as  long  a-*  tliere  is  a  diseii^nt^c- 
I mcnl  uf  red  ftiin<.-s.  When  tlie  lii(ni<l  It-xt  couU-it  llu-re  uill  lie 
tllepuditcd  a  grt'al  quantity  of  yellow-coloiired  nemitninsparent 
[crvstals  :  and  f>nppi>%ing  ihe  proci'wt  properly  conducted,  neither 
[ri^iu  nor  nrlilteial  t:uuiin  ni.iltes  itt  iijipeiu'ancc.  Wcish  these 
[crystals  in  co]<I  water,  mhI  dissolve  them  in  boiling  water,  and 
'  eryntalltze  a  second  time.  To  obtain  the  corbazotic  acid  quite 
i  iiurr  dUiotve  these  crj'stals  again  in  boiling  water,  and  .taturate 
Itliom  witli  carbonate  of  poIafilL  On  cooling  c:irba/.otatc  of 
>  potush  crysLiIliseft.  It  \s  best  to  dt««olve  these  crysstal.t  again 
in  watrr,  aitd  to  cryHCalline  tliem  two  or  three  limes  succe«!uvely. 

I  When  thecarliaj((>l;ile  of  pntiish  ts  Buificiently  pure,  dissolve  it 
in  water  atui  decompose  it  by  nitric,  muriatic,  or  sulphuric  acid. 
Wben  the  tolntion  cools  beautiful  crystals  of  carbazoiic  acid 
ore  deposited  in  pliiti>!i.  A  good  deal  of  the  siune  add  may  be 
obtainetl  from  tlie  mother  leys  by  a  similiir  process.  I'ourjMirtS 
of  Indigo  yield  about  one  part  of  carbozotic  acid. 


•  Unvcnlorticii.  Foggeiidort"*  Aunalcn,  \i.  303. 


t  Joor.  d«  Ptij*.  Man.  1J8M. 
{  Ann.  ik  Chill).  Kxii.  1 17. 
1  KMeutkhUifitttii*. 


t  Phil.  Map.  jxli!.  950. 

II  Aiui.ilcCliini,fld<;Phyi.  xssv.llt- 
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Carbazotic  acid  tliiu  obtained  h  crystallizpd  in  fine  (lUitm, 
liaviiig  a  silky  lustre  aiid  a  fine  yellow  colour.  Il  rvdJcnn 
vegi-Uilile  blues,  and  lia»  iin  csct-cdingly  hUter  laste.  \\'Iicn 
bi-iitt-d  il  melts,  und  k  volutiiixod  without  decomposition. 
When  suddenly  liratcd  it  hikes  fire  nnd  buruH  wiili  a  yellow 
flame,  lennng  a  residue  of  ciiarcoal.  It  is  Httk-  suliiblf  in  cold, 
but  very  soluble  in  hot  water^  and  the  §olution  hiw  a  deeper 
yellow  colotu-  than  the  solid  acid  itself.  It  is  soluble  also  iti 
alcohol  and  etlien 

It  is  not  acted  on  by  chlorine  or  iodine.  Sulphuric  :icid  liiM 
no  action  on  it  cold  ;  when  hot  it  dissolves  it ;  l>ut  k-t«  it  Tall 
utiultcrod  m  it  cooIh.  Itoilin^  muriatic  acid  has  no  action  on 
it  whatever,  and  nqua  re^ia  scitrcely  alters  it.  These  faet>)  iiT^ 
Hiifficient  to  Ktiow  tliut  it  conuiins  no  nitric  acid,  us  Chcrreul 
supposed  that  it  did. 

It  iH  nithcr  a  powerful  add,  uniting  n-itb  and  neutralizit^ 
the  different  Iwises.  The  carbuxotules  Imvn  ihe  curious  pr»[K'rty 
of  detonating  when  heated,  as  was  long  ago  discovered  by 
Fourcroy  und  Vniiquelin. 

I.ietiig  examined  a  good  many  of  the  carbazo tales,  and  sub- 
jected earbazotate  of  potash  and  of  barytes  to  analysis,     'llie 
following  were  the  resuitii  wbicb  he  obtained: 
1.  Oirbazutatf.  ofpotaitk. 
Cttrbuzotic  acid         .         .         31-0I 
Potusli  ...  6 

2.  Carbazvtati;  oflHiTyU*. 
Carbazotic  acid         .         .         30*41 
Barytes  ...  9*5 

The  menu  of  these  two  analyses  gives  us  ;I3(H7I  for  the  atomic 
weight  of  this  acid.     It  was  analyzed  by  Licbig  by  means 
oxide  of  copper,  and  found  composed  of 

Carbon  .         .  »2.1920 

Azote  .         .  1,5-2144 

Oxygen  .         .  S-i-awW 


I 


1(H) 

The  Iiydro^n,  supposing  it  to  contain  that  principle,  scarcely 
exceeded  I  per  cent,  of  the  weight  of  the  acid. 

'Ilie  number  of  atomti  corresponding  nith  tliis  analysis  is 
10  atoms  carbon  .         .  7'5 

2  atoms  azote  ,         .  3*5 

12  atuiitn  oxygen  .         13*0 


23 
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But  this  wobM  make  tiic  atomic  weight  onlj*  23,  which  docs 
Dot  a^ree  with  lliat  deduced  from  the  aiialyf^ii  of  tliv  curbnzo- 

tTo  tuake  them  agree  wc  niusl  su[>]>iMC 
\'2i  atutns  carbou  .         ,  9-375 

U«  atoni.1  atote  .         .  4-375 

la   atoms  oxygen         .         .         16- 
211-750 
figiproAcbea  near»l  to  .10-41,  the  stumic  weight  deduced 
trviii  tlie  aiiidyxix  of  cnrlKunEiiti!  of  hiirytcs, 

Uut  Ur.  Buff,  wlio  hiv>  |>uhli&Led  i>cveral  interesting  papers 
DO  iadigo,  BtHures  ui  that  Liebig  a^erbtined  tluil  curlsuotic 
is  n  compound  of 

16  atoms  cuthoii  .         .  7-5 

4  atoms  oxote  .         ,  7*0 

10  atoniii  oxygen        .         .         lO-O 


a»i. 

IXt.1L 


24-5' 

.where  tJib  detenniiuilion  appeared  I  do  not  know.     Il  is 
ly  incuuiiiailrnt  witlt  Lii-bi^s  unalj-sls  of  the  isirbaxotatcs, 
of  carliazotic  ncid.f 


ftCCTION  XI.III.— OP  INDIfiOTIC  ACID. 
TTie  existence  of  this  acid  »ils  first  jjointeilont  by  Chcvreiil  iMan- 
m  his  paper  on  llie  action  of  nitric  acid  on  indigo ;  but  for  the 
fint  acooont  of  its  nature  and  properties  we  are  indebted  to 
Dr.  UuiT.J  Fourcroy  iii«i  Vautjuelin  )uid  indccn)  olwerved  it, 
bat  ihey  nmtook  it  for  fienzaic  acid.  TIk-  rnrtliud  of  pn-piiriiig 
be  ini/iffotic  add  is  as  follows : 
Very  dilute  nilricaddtsmiM-d  to  the  boiling  point,  and  indigoiit 
ne  powder  iutdi.*d  by  little  and  littlir.  A  con»idcrul(lc  frotliiiig 
km  pliice,  the  colour  of  the  indigo  U  ininic<liiilcly  di-stroycd. 
adi^o  is  to  be  itddcd  us  long  on  thi^  efi'ervi-scvnce  coutiiiues, 
king  core  to  prevent  the  concentration  of  the  aciil,  by  uddiiig 
now  and  tht:n  a  little  boiling  u'aler.  The  giui  ex-olvcd 
Mod  of  djiuil  voluini-s  of  citrbonic  acid  niul  deutuxide  of 
The  yellow  coloured  liquid  thus  obtitiiicil  wn.'^  ^epurvted 
liot,  from  the  resijious  mutter  which  lutd  been  deposited. 


-  Ill 
j^  t  W, 
Hh»L 

i 


•  Ann.  de  dunk  et  de  Phyit  xixix.  iOG. 

t  Wcltcr'aUltcrpiricidpIcoblaiiiciJ  b;  Jigntingiiilk  in  nitric  adil,  appear* 

MB  Liebif'a  cxpcrimcotii  to  be  niao  tarbniolicaM.     Bu[  tilk  yields  a  much 

■■Ucr  (jnantily  of  ibis  adil  ihaii  tndigo. 

I  Ann.  de  Cbitn.  ct  dc  I'hys.  xuvii,  tt>U  ;  u^in.  SEN)  i  xU-  174. 
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**^^  On  cooling  it  let  fiill  indi^otic  ncid  in  very  ill  formed  crj'stjiU, 
The  iniligntic  iinil  thus  ubtaiiicd  Win^  still  impure  ia  (o  be 
pr»'9»cit  lictwfi'u  l'otd§  of  blotting  piipcr,  to  free  it  fnim  nitric 
add  as  completely  aa  powiible,  and  then  dried  on  tlic  w«tcr 
batJi.  Hot  water  now  ilLiMtlvoii  indigotic  acid,  and  leaves  » 
quantity  of  insohiMo  nuittcr  Ix-liind.  The  ntjueous  solution 
(which  is  very  dilute)  is  to  he  mixed  with  recently  precipitated 
Cfirboiuite  of  leiul  i(ui4pendod  in  wnter,  liikinjr  euro  to  stop  when 
the  eifervejiconce  (wt  first  strong)  bi-jfin*  In  iliminish,  and  tha 
liquid  cciisi's  to  be  tnintipareiit.  Unlciw  this  preciiutiou  be 
attondv<l  to,  much  of  the  acid  prccipit»te»  in  the  ^Uitu  of  diii- 
]ndigotut^-of  lead.  The  liqiud  is  now  loft  till  the  impunlic*  lidl 
to  the  botlom.  The  tmnsjiarent  liquid  being  <lrawn  off  con- 
Biata  of  a  solution  of  j)ure  indi^otale  of  lead.  Tlie  Iciul  being 
separated  by  sulphuric  ncld,  and  the  solution  concentrated, 
yields  crystals  of  pure  indigotic  acid, 
rnprnin.  The  crystids  are  »now  white,  very  bulky  while  moist,  but 

tliey  diminish  very  muck  in  volume,  and  lose  their  crystalline 
appt-uraJice  when  dried.  Tlie  lustre  is  that  of  itilk,  antl  th« 
colour  exceedingly  uliile.  The  indigotic  itciil  has  u  wcukf 
acidulous,  and  bitter  tUKte,  It  slightly  reddens  infusion  of  litmuii. 
10(10  purts  of  colli  wurer  dissolve  only  one  part  of  tijis  acid ;  but 
boiling  water  dii^solves  it  in  any  proportion  whatever.  The 
solution  h  colourless.  It  is  volatile.  When  heated  inaglaas 
tube  it  melts  and  sublimes  without  decomposition,  giving  out  ■ 
diarp  acid  smell.  On  cooling  it  crystallines  in  ^x-fiided  prisma. 
When  heated  over  an  open  flume  it  takes  fire  and  bums  with 
*  strong  flame  and  the  evolution  of  much  smoke. 

"When  digested  in  concentrated  nitric  acid  it  is  converted  into 
Carba/otie  acid.  Dilute  muriatic  aiul  sidphuric  aviil*  linve  no 
action  on  it;  but  M-hen  heated  in  coneentrated  snlphurie  acid  a 
brown  coloiured  solution  is  obtained,  from  which  water  throwH 
down  brown  flocks.  It  is  not  decomposed  by  chlorine,  imr 
altered.  Nascent  hydrogen  is  absorbed  by  it,  and  it  !issunK«  a 
copper-red  colour,  iind  bluish-red  Hocks  are  gradually  thronnt 
down.  Indigotic  aeid  gives  u  bloutl-red  colour  to  the  soluUon 
of  peroxide  of  iron. 

In  order  to  determine  the  atomic  weight  of  this  acid,  M, 
Buff  anulyxed  five  diiferent  combinations  of  it  with  oxide  of 
lead ;  but  the  results  varied  so  much  that  there  could  be  no 
doubt  tliat  every  one  of  the  salts  examined  contuiin'd  u  mixture 
of  some  of  tlie  others.  The  two  thui  seemed  to  be  the  puruNl 
were  obtained  the  first,  by  dissolving  a  tittlfi  carbonate  of  lead 


I 


I 
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[io  «  groftt  tleal  of  indii^tic  aind,  and  setting  the  solution  wide. 
|.&«BltnuiH|iaivtil  yellow  needles  were  dcpoMtcd,  wliicli  were 
rirvetl  fram  all  adheriiif;  indigMtic  ackI,  liy  digesting  Uiern  iii 
vhol.  'Pbeee  cryiitaJs  are  Kuluhle  in  w-jiter,  Uut  are  lU'cum- 
at  the  nine  cime.  1'bey  iirv  iuiby<lrouis  and  composed  of 
Indigolic  acid  .  .  2ti-71 
Oxide  of  lend  .  .  14 
Th<>  tidier  <ail(  vnu  obtained  by  pour!n<r  a  solutinn  of  nitmte 
^ricMd  iiitittndtffotattiof  poliisii,  raLsivllualHiiling  tein|iemttin'. 
Tb«  liquid  reinui»»d  for  gome  time  tntnftpareut,  but  fine  deeji 
yellow  ueedlw  gradually  felt,  whicli  were  insoluble  in  water. 
ITiej"  were  composed  of 

IndigoUc  acid         .         .         27-Od 
Oxide  of  lend         ,         .         26 
If  we  consider  lliiii  lant  »att  ns  a  bi-indt^>lale  of  leiul,  and 
take  the  mean  of  tlie  rvsult»,  u-ir  obutin  'J6-tiB  for  tie  atomic 
I  veiglit  of  iiMligotic  acJcL 

But  the  atLuiytitH  of  indigotate  of  potu»Ii,  a  salt  in  wliicli  no 
I  farvijrn  buldtancc  exeleil,  )^ive  for  llie  atomic  weight  of  tliin 
tM-33.     For  it  was  compoMid  of 

Iiwligotic  add        .         .         d5'2ii 
Pota&li  ...  6 

I  While  tlic  analysiit  of  intUgotate  of  mercury  gave  a5*5  for  tlie 
lie  weight  of  ikiit  avid, 

I.  UufT  anaiyxed  tite  aciil  by  means  of  oxide  of  cogip^r,  and  c^nii^aM. 
aetl  the  following  conktituent-i : 

Axotc  .         .  7*Ji5 

Girbon  .         .  4d-3l 

Oxygen         .         .  44-24 


100-00 

'  'Ihe  atomic  pr(»)M>rtM>ns  wliieli  suit  tltese  nuiulwrs  are  the  fol- 
I  lowing: 

1^  utom  axote  .         .  3-625 

22    atoms  carbon  ,         .         16-3 

15    atoms  oxygen         .         •         15 


34-1-J5 

'  llii*  is  IcM  than  the  number  derived  from  llie  iu<l!gotate  of 
[{Kriimh.  If  we  were  to  admit  tJie  presence  of  3  atoms  of  azote 
tin  order  t«(  get  rid  of  lln'  tudf  utoin.  the  nlomic  weight  would 
Inmie  out  iiof  which  1  think  Ukt^ly  to  be  Uiu  true  number. 


156 

ChWiK 


COMFOUMD  OXYGEN  ACIDS. 


UWorr. 


SKCTIOX  XLIV. OP  URIC  ACID, 


Various  attempts  were  miule  !>}■  diemUts  to  ascertain  tlie 
aaturc  of  the  calculnux  votioretioni*  which  occasionally  fonn  in 
tht  kidneys  and  l>lii<iiJi'r,  nnd  ]irpiliice  oiif  of  the  most  p«iiiiful 
diseases  to  wliicli  we  iirc  Ualilc.  Tlit-ac  alU'injits  were  attended 
with  very  little  Huccess,  till  Scliccic  publislied  a  set  of  experi- 
ments on  tlie  subject  in  1776.  He  cxumincd  ^-vcral  of  these 
urinary  calculi,  Jiiid  found  them  composed  chieSyof  a  peculiar 
acid,  the  proiiertics  of  which  he  described.  His  results  were 
80011  aflcr  confirmed  by  Ber^nan,  who  had  engaged  tii  usimilar 
Bet  of  c.ipcrimcuts  about  the  some  time.*  To  the  acid  llius 
discovered,  Morveau  gave  at  first  the  name  of  bezoanlic,  whicli 
was  aflern-ards  changed  into  lithtc  by  the  French  chemists,  when 
Ihey  contrived  the  new  chemical  nomeiiclattire  in  1767,  This 
last  term,  in  consequence  chiefly  of  tlie  observations  and  ohjec- 
tioiiB  of  Dr.  Pearson,  was  nfterwunU  laid  aside,  and  the  iionM; 
uric  acid  subatitulL-d  in  its  place. 

Scheole  ascertained  that  uric  acid  exists  ulway«  tn  human 
urine.  Experimental  on  die  urmary  cnlculi  were  j>ubliMbed  by 
Mr.  Higgins  in  1789,t  and  by  Dr.  Austin  in  1791 ;  but  little 
was  added  to  our  knowledge  of  uric  acid  till  Dr.  Wollaston 
published  htH  admimblc  [luper  on  the  culciilous  concretions  in 
1 797,  Dr.  Pearson  published  a  copious  set  of  experiments  on 
Uie  same  subject  in  1 798,  in  which  he  enumerates  his  trials  on 
uric  ucid,  und  endeavotirit  to  prove  that  it  U  not  entitled  to  the 
same  of  acid,  but  ought  tu  be  claimed  among  animal  oxides. 
This  drew  the  attention  of  Fourcroy  und  Vanijueliii  to  the 
subject :  tlicy  published  an  excellent  treatise  on  urinary  cal- 
culi, in  which  they  demonstrate  that  it  possesses  the  properties 
of  an  aci<l,  and  confirm  the  observations  of  Uerginiuiand  Scheele. 
But  for  the  most  complete  account  of  uric  acid  we  are  indebted 
to  Dr.  Henry,  who  made  it  the  subject  of  his  thesis  published 
in  lfl07,  and  afterwards  inscrtt-d  a  [Ktper  on  it  in  tlie  second 
volume  of  tlic  new  scries  of  Manchester  Memoirs. 

To  obtain  pure  uric  acid,  Dr.  Henry  dissolved  pulverized 
cnlculi  (previously  known  to  be  composed  chiefly  of  tliat  acid) 
in  a  ley  of  potash,  and  precipitated  the  uric  acid  by  means  of 
muriatic  or  acetic  acitls.  'i'he  powder  tlitm  obtained  was 
first  waslied  witli  a  little  ammonia,  to  remove  any  adhering 

•  Schevle,  i.  1911  and  210.     French  Thins. 

f  ComiwrMivu  view  of  the  phlo^«tic  and  autiphlagUiic  iheorica,  p.  V&. 


time  Aao. 


157 


^ 


Ibrrif^  neid,  arul  tl»cn  nitUcorated  with  a  suiEcicnt  quantity  of    <^'*"  ^ 
wnroD  water.  *' 

1  criitiuiicd  it  in  coiiMidorable  quantity  from  llio  fkeecs  of  the 
boa  cooHtrictor.  lliis  u^rpcnt  voiib  its  cxcromcnts  about  once 
n  month.  Thvy  an  wliiic  and  tiolid,  and  have  a  certain  resem- 
bbuce  to  the  album  ^sectiin  v»i<)iil  by  tiog».  It  u'a»  digested 
in  caustic  [K>ta»li  by  which  abnoHt  llie  wbulc  of  it  was  <IU>i»lved. 
'Pic  s^iluiion  vas  dntwi)  ofTcluir  from  the  undii!M(>lvc<l  Nixiiineiit, 
and  mixed  with  a  MifEdont  quuntily  of  iturt- acetic  acid  cu.satu- 
m»  tJtr  whole  of  the  potwsh.  A  copious  white  prcci[)ituU>  felt, 
whicli  iH'ing  thoroughly  wii»hed  with  water,  and  dried  in  a 
geiitle  Imtt,  wan  fnirc  uric  acid, 

it  was  sometimes  in  tlie  state  of  a  white  impalpable  powder,  Fnnntii^ 
MMiiedmesinsnull  four-sidod  jirisnis,  having  considerable  lustre. 
It  u  t;L.->te)ess,  very  white,  very  light,  and  insoluble  botli  iii 
water  auil  alcohol.  In  conventmtetl  milphuriv  acid  it  speedily 
es  tJie  form  of  a  jelly,  and  npoii  applying  a  gentle  heat 
piric  iKolulioii  i*  obtuinc<l,  without  ullcring  tlie  colour  or 
lnu»|Mrcncy  of  the  acid.  In  nitric  acid,  even  tliough  dilute,  it 
dmolvci)  with  cffen-escence,  and  when  the  solution  is  evapor- 
ated to  dryness,  it  assumesi  a  line  ]iink  colour,  which  become* 
mnch  deeper  when  water  is  .-iddi-il,  so  as  to  have  a  near  rexem- 
bboce  to  cannine.  hi  thi»  «tjitc  it  stuinii  woud,  tliv  Hkiii,  &c.  of 
a  bcouitfut  red  colour.  I'ho  watery  solution  of  this  mutter 
loan  its  red  colour  in  a  few  hours,  and  it  cutmot  afcerwartis  he 
natorcd.*  Wbcn  the  solution  of  uric  acid  in  nitric  acid  is 
lioUed,  n  quantity  of  azotic  gns,  carbonic  acid  gas,  and  of  prus- 
■ieBci<l.  M  di8en(fagcd.t  Dr.  Pearson,  by  repeated  dt^l illation.'!, 
mnt'crted  tite  retiiclue  into  nitrate  of  ammonia.  \V)a-ii  chlorine 
gM  i>  nude  to  pass  into  water  containing  t)ii«  acid  suspended 
in  it,  the  add  w»uiaeA  a  gelatinous  appearance,  then  dissolves ; 
au-bonie  acid  g:u  w  emittetl,  nnil  the  M>lution  yiehU  by  erupor- 
4Mion  muriate  of  mnmonia,  binoxulalo  of  ammonia,  muriulic 
aeid,  and  malic  iicid.^ 

It  combines  wJtli  the  dUTerent  bases,  and  forms  a  gcnuH  of 

I  nils  oiled  urates,  for  the  examination  of  which  we  are  chiefly 
indebted  to  Dr.  Henry. 
When  digested  with  water  holding  carbonate  of  soda  io  solu- 
tion, it  i;nulu»lty  itixHolvcs,  while  the  ciirbonic  acid  »  disengaged. 
'I1ic  Mihiiion,  how  much  mcvcr  of  the  acid  L»  added,  stiU  con- 


•  Srtictlc.  Dc/giuun,  Ptsrann,  nnd  Ilenry. 
■f  Foarcray;  Ann,  ilc  Chim.  wvli.  867. 
t  Bn^nxdlit  Aim.  tie  Cliiiu.  Kxvii-  307, 
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Oup-L  tinues  to  communicate  8  violet  colour  to  cudbear  paper.  When 
the  alkali  is  saturated,  a  considerable  portion  of  the  orate  of 
soda  (but  not  the  whole)  &11b  down  in  the  state  of  a  white 
tasteless  powder. 

The  crystals  of  uric  acid  are  composed  of 

1  atom  uric  acid  .        ■         9 

2  atoms  water  .         .         2*25 


11-25 

I  found  by  combining  this  acid  with  soda,  that  its  atomic  weight 
13  9 :  that  of  t)ie  crystals  is  1 1-25.     Dr.  Prout  analyzed  the 
crystals  by  means  of  oxide  of  copper,  and  obtiuned  for  the 
constituents 
CompoiiUoii.  Q  atoms  carbon  .         .         4'5 

2  atoms  azote     .         .         •         8'5 

3  atoms  oxygen  .         .         3*0 
2  atoms  hydrogen       .         .         0-25 


11-25 

But  we  have  seen  that  2-25  of  this  weight  may  be  driven  off  in 

the  state  of  water,  without  altering  the  nature  of  the  add. 

Hence  the  constituents  of  the  anhydrous  acid  mutt  be 

6  atoms  carbon  .         .         4-5 

2  atoms  azote  .         .         9'5 

1  atom  oxygen  .         .         1 

9 
Thus  it  would  appear  to  cont^n  no  hydn^en,  bat  to  conust  of 
a  compound  of  carbon,  azote,  and  oxygen.  The  quantity  of 
oxygen  which  it  contains  is  small,  compared  with  its  atomic 
weight.  It  is  obvious  that  when  ammonia  is  formed  by  the 
action  of  nitric  acid  on  uric  acid,  water  must  be  decomposed  as 
well  as  the  acid. 

SECTION  XLV OF  PYRURIC  ACID. 

Hi^orj.  Scheele  obsen-ed  that  when  uric  acid  is  subjected  to  distilla- 

tion a  yellowish  white  sublimate  is  obtained,  which  he  considered 
as  analogous  to  succinic  acid.  Dr.  Pearson,  who  observed  it 
afterwards,  considered  it  as  approaching  more  nearly  to  benzoic 
acid.  Dr.  Henry  first  examined  it,  and  showed  that  it  was  a 
peculiar  acid,  united  to  ammonia.  He  determined  several  of 
the  properties  of  this  acid,  but  did  not  distinguish  it  by  an 
appropriate  name.     In  1820  it  was  more  particularly  studied 
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by  MM.  Clieralier  «nd  LaMoigiie,  who  gave  it  tbe  name  of 
pf/ro-mic  acid,  and  who  not  only  delrmiimtl  !li  diamctcn  in 
detail,  htit  comhiniil  it  with  husos,  and  asct-rtjunvd  the  nature 

of  ilK  Kilt  In.* 

\\''kct)  uric  arid  (or  cidculi  of  uric  acid>  or  urate  of  ammontu) 
k  dbtiUod  in  n  retort,  hydroc)'anate  of  ammoniii  is  diiicii^;&g(?d 
in  tht'  fimt  placr,  tbtn  a  thick  einjkyreunialic  liquid  p&sscs  over, 
which  ^p^^ily  berome.«  jtolid ;  iifior  thin  ih«  upper  part  of  the 
retort  l*M?onies  studded  witli  hratittfiil  and  tirilliniit  while  phitos 
which  preserve  that  oohmr  if  removi'd  iinmi-iliiitcly,  hut  are 
HiUied  and  at  last  dU»«Ivcd  if  the  ili«tiUuttuu  lie  eonlinned. 
Theke  crystaU  art  ])yrurutc  of  ammonia.  The  liiiiiid  and 
•olid  matter  in  tbe  receiver  contains  also  a  quantity  of  the  aimc 
■It.  Tbtt  (udt  being  (Unsolved  in  water  and  mixed  with  a 
•olalionof  diueelaleof  h-ail,  a  white  preeipitale  fell,  Thispre- 
dpitate  wms  waaJied  witli  boiling  water,  then  mixed  with  vtater, 
md  a  current  of  sulphuretted  hy(l^o^^n  fp»  passed  tliroujrh  the 
BUlnrc  to  prenpitute  the  lend.  The  liquid  thus  freed  from 
lad  being  filterml  and  concentrated,  pyro-uric  arid  separated  in 

toyiitab. 
Pyr»-uric  acid  is  white,  and  crystallized  in  small  needles.  It  ■■nvsrttib 
feels  HOinewhal  gritty  between  the  teeth.  When  passed  tlirough 
B  rv(l-hot  glitisi  lube,  it  is  decofnpo§«<l  into  charcoal,  oil,  carbu- 
retted  hydrogen,  and  curhonate  of  amnioniH.  Cold  water  di»- 
aolves  about  tlie  40ih  part  of  its  woi;i;lit  of  tliit  acid.  The 
■oludon  reddcnn  litmus  paper.  Boiling  alcohnl  of  the  specific 
fl^vily  0-837  dissolrea  it,  but  when  tlie  solntion  cools  the  acM 
Uh  down  ill  Htnall  while  grains. 

C<ineenlrat4-d  nitric  acid  dituolves  it,  but  by  evaporation  we 
otitain  it  again  uiialtcre«l.  It  forms  soluMc  snlt^  willi  mcwt  of 
tbe  bases.  Solutions  of  peroxide  of  iron,  oxide  of  cupper, 
oxicl*  of  silver  and  of  mercury,  and  of  dviectate  of  Irad,  arc  tiic 
oaly  sul»tances  whieh  occasion  precipilatett  when  dropped  into 

B     pyro-urate  of  potash.  Tliepyro-urHteof[K'roxideof  iron  isbuff- 

^    coloured,  tliat  of  copper  bluish  white.     The  other  preripitates 
■re  pt-rfeetly  white. 

^        Cbevallii^  and  Lasiaigne  analyxed  the  dipyrurate  of  lead, 

B   and  feuiui  it  a  compound  of 

H  I'yro-uric  acid  11-16 

■  Oxide  of  lead  Q8 

H    Kow  28  n^prcsentA  tlic  weight  of  two  atonw  of  oxide  of  lead. 


I 
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and  ll'idsliouldbe theatomic veiglitofpyro-uric&dd.    They 
subjected  the  pyro-uric  acid  itself  to  an  analysis  by  means  of 
oxide  of  copper,  and  obtained  tlie  following  for  its  constituents : 
Oxygen  .         .         .         44-32 

Carbon  .         .         .         28-29 

Azote       ....         16-64 
Hydr<^en         .         .         .         10-00 


99-45 

As  the  results  only  are  given,  without  any  details,  we  have  no 
means  of  forming  an  opinion  of  the  accuracy  of  these  analytical 
experiments.  But  the  number  of  atoms  of  each  constituent  that 
agrees  best  with  these  results,  and  with  the  atomic  weight  of 
tlte  acid,  deduced  from  the  analysis  of  the  pyro-urate  of  lead, 
is  the  following : 

5  atoms  of  oxygen  .  .  5 
4  atoms  of  carbon  .  .  3 
1  atom  azote  .         ,         1-75 

9  atoms  hydn^en     .         .         1-125 


10-876 

The  atomic  weight  thus  deduced  is  10-B75,  while  that  firom  the 
dipyro-urate  of  lead  b  11-16;  the  difference  is  very  little  more 
than  an  atom  of  water,  which  might  perhaps  remain  in  the  salt 
after  it  had  been  made  as  dry  as  possible  by  exposure  to  heat. 
Were  we  to  admit  10  atoms  of  hydrogen  instead  of  9,  the 
atomic  weight  of  the  acid  would  be  exactly  11. 

The  very  great  quantity  of  oxygen  and  hydrc^n  contuned 
in  this  acid,  compared  wilJt  uric  acid,  is  astonishing,  and  ren- 
ders tt  highly  worth  the  attention  of  chemists  to  resume  the 
analytical  investigation  of  these  two  acids,  in  order,  if  pooBible^ 
to  attain  still  greater  accuracy  in  our  results. 

SECTION  XLVI. — OF  ASPARTIC  ACID. 

This  acid  was  discovered,  and  its  properties  investigated,  by 
M.  Plisson  in  1829.*  He  obtained  it  by  mixing  acetate  of 
lead  with  the  juice  of  the  shoots  of  asparagus ;  a  white  insoluble 
salt  fell,  which  being  washed,  mixed  with  water,  and  decom<- 
posed  by  a  current  of  sulphuretted  hydrogen  gas,  left  aspartic 
acid  in  solution  in  tlie  water.  By  evaporating  this  water  the 
aspartic  acid  was  obtained  in  a  solid  state. 
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h  is  n  brillioiil  wliitv  iwwrdiT,  which,  when  vivwed  Uiroiif^h 
knuToscope,  ajipojire  to  consist  of  fuiir-«uln(  prisms,  U'rmiiuited 
by  ililicHlml  Hummits,  quite  transpnn'nt  and  colourless.  It  hst»  P»r(nta. 
■u  Mtiell,  liul  »  slightly  atkl  la&le,  wliich  noon  paseeH  awuy-* 
kavinir  tbr  impreadoa  oi  Qsjturaffine.  It  rtf<{<1ens  tlie  inru-sion 
of  liitnuH.     lu  specific  gravity  U  I-M3. 

At  liio  temperature  «f  47'i  it  iliwwlvw  in  128  time«  its 
woighlaf  wstor.  Hut  it  ix  inucli  mure  soluble  in  Itot  wiitir,  mid 
weonliagly  a  hot  solution  crysliiUizps  in  co(>liii)>;.  It  is  insu- 
hUe  in  alcobol  of  40  IJeaunii  (specific  gravity  0-817),  nl  the 
ordiiinry  temperature  of  tlte  ittinotipliere. 

When  heated  with  1 2  limes  its  wei)2;lit  of  nitric  acid  it  \*  not 
dcMioyed,  at  teajti  tlie  |^>RtV8t  |)eut  of  !t  »ti)l  remains  unaltered. 

Aipartic  iicJd  when  (li-vtolvod  in  wiiter  docs  not  occasion  a 
pecipitatc  when  dropped  into  soliitioiu  of  muriate  of  liarytes 
m  of  lime,  or  into  Kulphate  of  magnesia,  of  manganese,  of  ime^ 
<r  into  Ifae  aijts  of  iron,  the  aceL-ite  of  lead,  the  Aulpliali'  of 
nfiper,  corrosire  6ultliniut«,  nitrate  of  i^ilvt^r,  or  into  tiirtur 
rtuelic.     Hut  it  deconiposeH  tlio  cart>onateH, 

i'rum  tlie  experiments  of  Plisson,  it  ai>pi-an  to  have  the  pro- 
perty of  DonveTting  ttnrch  into  sugar  when  l>utk<l  for  a  long 
ttiBe  with  un  aqueous  solution  of  tliat  principle.  Other  vege- 
biUe  acidN  appear  to  have  the  §ainc  projierty.  I)ut  I  tliiiik  it 
ddabtful  whether  in  these  cases  (he  clmnge  '»  not  independent 
of  dM  Booompanyii^  m-id.  At  least,  I  know  tluil  th<-  hot  infu- 
doa  of  barley  gradually  becomes  sweet  and  suM-eptible  of  the 
niMMM  fcrtnentation,  witliont  tlie  jireaenoe  of  any  acid  what- 


All  the  lupartaleti  are  dccompoNcd  hy  heat.  'ITiojm*  contain- 
ing; a  minrral  alkidi  give  out  ammonia  and  hydrocyanic  acidt 
vkil«  •  oyanotlith'  is  forni<*(l.  'I'he  Boliible  aspartates  Imve  a 
tmttMt  of  bffef-iea,  which  U  charactemtic.  It  is  obvious  from 
ill  iJii»,  tJiat  aspartic  acid,  like  the  siimptc,  contains  azote  as 
WW  of  itH  coiistitiicnt8.  No  attempt  lias  been  made  to  analyze 
Akaad,  bat  M.  Plissun  has  made  a  set  of  e^iporimcnts  to 
ieiwuiinc  ihe  comfioiiilion  of  «cvtTiil  .-kipartateH  nith  a  view  of 
ditettBiiiuig  ilie  atomic  weight  of  lhi«  arid.  It  appears  t»  be 
iq»ble  of  uniting  with  Ihlmts  in  two  proportioni<,  forming  nen- 
tnil  Mpiurtatcs  and  diaspartatcs.  'i1ie  following  table  exhibit! 
Ar  iMolt  of  M.  PUsaon's  analyses. 

1.  Aspartate  tif  HWtfneaia, 

tAnparlic  acid  .         ,         11 -Oft 

Magiienia  .  .  *2-9 
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2.  Diaeparlate  of  magnetia. 
Aspartic  add 
Magnesia 

3.  Aspartate  ofbarylts. 
Atparttc  acid 
BuytcH 

4.  J)ia^>artale  (^  lime, 
A«pardc  acid 
Limp 

The  numbers  after  nspiutic  acid  in  cacli  of  tliese  salts,  ou^ht 
to  represent  the  atoinii-  ^vt-ig'lit  i>f  tliat  acid.  But  these  num- 
bers deviate  bin  DiiKrIi  fnnn  fiicli  otlirr  to  enable  ua  to  dmw 
luiy  »ati»faclnry  conclusions.  The  analyitiit  of  wipartate  of 
Diaf^iesia  diflvre  so  much  from  the  rest  tlint  we  must  reject  it 
alloKelhor.  Tin*  mean  of  the  other  thrt-e  givi-s  u«  16-47.  Wo 
may  therefori>  tuuiumt-  l(t'5  as  constituting  on  approximation 
the  atomic  weight  of  aspartic  acid,  though  perhaps  not  a  vc 
near  on?. 

SECTION  XLVIt. OV  NITItO-SArCHAKIC  ACID. 


This  acid  was  discorered  in  1820  by  M.  BracoiinoL 
process  which  he  followed  in  onlcr  to  obtiuii  it  is  as  follows: 

12  grammes  ( I  rij^  grains)  of  strong  glue  were  mixed  witJi 
twice  their  weight  of  strong  sulphuric  acid.  No  action  took 
place  ill  '24  hoiir^.  Si.i  nibt<r  inelieH  of  WNter  were  added,  and 
the  whole  WiiN  boiled  for  five  hours  tJiking  uirc  to  luld  water  in 
propf>rtion  as  it  evaporated.  'Hie  add  was  now  siturateil  with 
dialk,  and  the  whole  thrown  on  the  filter.  The  filtered  liquid 
being  concentrated  furnished  a  syrup,  which,  left  for  about  a 
month  to  spontaneous  ei'aporalion,  yielded  granular  crystals 
adhering  strongly  to  the  bottom  of  the  vessttl.  Thw*  crytitak 
bad  a  decidedly  sweet  tnstc.  Being  washed  witli  weak  alcohol, 
again  dissolved  in  water  and  crj-stidlixed  a  second  lUnc,  they 
were  tolerably  pure, 
kptsriiuc.      Stigarofffhe  thus  obtained  crystallizes  with  great  facility. 

When  the  hot  solution  of  it  in  water  ts  eoneenlnitiil  and  I'ttM 
aside  a  crust  forms  on  the  surface,  and  when  this  is  brokeoH 
another  soon  succeeds  it.  When  left  to  spontaneous  crystal- 
lization it  forms  hard  erystalliue  groins,  feeling  between  tli« 
teetJi  like  sugar  candy,  and  having  the  Hhap<'  of  flat  prisms  or 
tables.  Its  taste  is  as  «iweet  as  tliat  of  sugar  of  grapes.  It  is 
about  as  soluble  in  u-ater  as  tiugar  of  milk.  The  solution, 
tliough  mixed  with  yeast,  docs  not  ferment.    Alcohol  does  not 
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difwtiro  it  even  when  jimkIci)  by  heat,  aiid  tliougti  it  be  woak- 
ciim)  by  the  n<lditton  of  witer.  It  U  not  ito  emily  niiiltod  nor 
•o  rasily  ili'com posed  by  htr:it  as  common  Hugar,  \\'^licn  di*- 
tillfd  it  yields  a  white  miblimute  and  an  nintuoiiUcal  liquid, 
i^Mnring  that  aiote  exista  in  it  aa  a  constituent.  \S'hen  lieated 
villi  nitric  avid  it  fonoA  no  raucic  acid.  Hut  imutlier  ueid  ist 
tmacd  to  which  It»ci>nnot  hu  given  thv  numc  of  nitro- 
Mccharic. 

When  nitric  acid  ia  poured  upon  sugar  of  glue  no  solution 
ake*  phictf,  but  the  sugitr  bfcomoK  pfrfcetly  wliitc  In  conte- 
^aancc  of  the  «diition  or  dccumpowition  of  Oxu  colouriiif;  mnitur. 
When  the  mixture  U  heated  »obition  takes  [dncf,  but  thvrv  i» 
no  eServcMcnce  take«  phicc,  nor  any  discngof^enicnt  of  red 
npour^.  Tbe  evapomlion  being  continued  (taking  cure  not 
t«  apply  too  fttrong  heat)  till  the  whole  is  sufficiently  concon- 
tnted.  it  becomes  M>lid  on  cooling,  baring  the  apjiearsnce  of  a 
oyttalHiH!  BUSS.  Tlii8  miuM  wm  ciraiu-tl  by  prcMure  between 
the  fold*  of  blotting  paper,  mid  cryilallixtM  anew.  In  tliis 
flUe  it  constitutes  ititrosacciuiric  acid,  tbe  weight  of  which 
etCMids  considerably  the  whole  weight  of  tlie  sugar  of  glue 
employ  eu. 

It  li  very  soluble  in  water,  anil  readily  crystallizes  in  fine  '"wpwUw. 
ni,  Aal,  Mrialeil  prixni!),  similar  in  appearance  to  the 
of  ghuiber  salt.     Its  taste  Is  iH-i<l  und  nlightly  sweet, 
aimiUu'  to  that  of  tartaric  acid.     M'hcn  liratcd  it  SM'clla 
ery  much,  melts  and  gives  out  an  acid  rupour.     It  producer 
ehsnge  in  metallic  or  earthy  solutions.     It  combines  in  two 
niotii  wiih  )>i>i;isili,  forming  a  neutral  and  a  iinitro-sac- 
te,  boib  iif  which  crystallixe  in  line  needles.     lb  utste  ia 
itroiu  widi  an  impre^wn  of  sweetness.     When  thrown  upon 
wniag  oottb  it  detonate^  like  nitre.     The  nitrO'Saccbarate  of 
BsiA  crystallizes  in  beautiful  needles.    It  is  not  delitjucsccnt  und 
b  Morcely  soluble  in  alcohol.     Thrown  upon  burning  coals  it 
Bwlla  in  its  water  of  crystalliitalion,  and  then  detonates  like 
I      idtrfc 

^K  With  oxide  of  copper  this  acid  forms  a  crystal  I  izable  salt  not 
^Haltered  by  exjioBure  to  the  air;  with  magnesia  an  uncryjitallir.* 
^Kalile  deliquescent  salt;  with  oxide  of  lead  it  fornts  an  uncrys- 
^VtalfitaUe  Nult  not  altered  by  exposure,  and  resembling  gum  in 
^f  appeajmneei.  This  sidt  detonates  feebly  when  heated.  Nitro- 
necharic  acid  dissolves  iron  and  xinc,  wntli  the  disengagement 
o(  hydrogen  gaa,  and  forms  with  tliem  salta  which  do  not  crys- 
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Th«se  facte  (wliicli  arc  all  that  have  hitluTto  b«Cii  dcUT- 
miiicd)  leave  no  dotibt  tliat  niti'»-«accliiiric  aci<l  i»  a  combina- 
tion of  nitric  acid  iind  sugar  of  gluo.  It  is  a  remarkabla 
circumstance  lliat  tiaAcsi  liavo  no  disjiuNilion  to  iteparnte  tli« 
citric  acid  from  tlie  tiii^nr,  hut  that  tlicy  combine  witli  both  atj 
onc-c.  Tliix  is  a  sufficient  proof  that  the  sugar  of  glue  dues] 
not  iitiitc  witb  nitric  acid  as  a  baae,  but  so  as  to  form  n  ncwj 
compound  acid. 

It  would  lia^-c  been  intpre«tlng  to  have  known  tbe  Btomicl 
weight  of  this  acid,  and  likewtxc  the  projiortion  in  which  thai 
nitric  acid  and  siipir  of  glue  unite.     But  no  attempts  »eem  to 
have  been  inailc  by  Braconnot  todetetmine  the  compoeittc 
any  of  its  luiltt).* 


SEcnOX  XLTlll. — OP  KITROLEUCtC  ACID. 

This  add,  which  ha»  liitlicrto  been  but  very  imperfectly 
examined,  waft  dlwovered  by  Kraconnot  about  the  Mune  time 
with  tlic  nitro-xaccha fie  acid.  It  was  obuiiiied  by  tlit-  followiiif; 
process :  S 

A  piece  of  Diu<>elc  of  beef  as  lean  as  poiwiblc,  was  weU' 
divided  and  steeped  in  water  till  every  thing  soluble  in  that 
liquid  wat  (ukeii  up.  It  was  then  subjected  to  pretty  strong 
pres.'siire  in  »  linen  elotli.  :)0  gnunmea  (4<i>t^  grains)  of  this 
fibrin  being  mixetl  witli  their  own  weight  of  coiicentrateil  mil> 
phiirie  acid,  softened  and  dissolved  witlinut  the  add  becoming 
coloured  or  the  disen{^){ement  of  any  sulphurous  acid.  ItU'aa 
heated  to  render  the  solution  more  complete,  and  alloweil  tofl 
coo)  that  a  crust  of  tallow  which  had  appeared  might  be  scjia- 
iBted.  The  Holuiion  wim  then  diluted  with  about  »ix  cubic 
inches  of  water,  and  boile<l  for  nine  hours,  renewing  tlie  water  fl 
from  time  to  time  as  It  evaporated.  The  add  was  then  satii- 
rated  with  chalk,  and  the  liqin<l  being  separated  by  the  filter 
and  evaporated,  yielded  }in  extract  not  in  die  least  sweet,  but 
having  a  very  marked  flavour  of  roasted  meaL  When  ImiU-d 
repeatedly  in  alcohol  of  the  specific  gravity  0'fl47,  tlie  alcoholic 
litjiiiils  on  cooling  deposited  about  15  grains  of  a  white  matter* 
which  Itracounot  distinguUhe<l  by  the  name  oi  leucine. 

Leucine  when  dried  is  u  white  powder — but  it  still  retains  a 
little  animal  matter  separable  by  tannin.  To  free  it  from  this 
matter  tlie  leucine  was  dissolved  in  u'ater,  luid  ii  little  tainiin 
cautiously  added     AfU'r  »ome  )iour»  tlie  liquid  was  filtered 
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erapomUd  till  u  [H-Iliclv  fonnrd  on  ito  surfiicc.   Tliw 
pcliide  bein^  rcmovt-d  nflf  r  24  hours,  »iniil)  whih-  gniiiis  wcro  . 

ad  at  the  bottom  of  the  vpwiel.  Thin  was  pun?  Icucino, 
M'hen  leucine  dissolved  in  hot  water  is  left  for  Bponlaiicou« 
erapontiun  tlie  leucine  formit  on  tlie  tiurlaee  lunall  round  circles 
Hkr  tiuttxiiiK,  having  ;t  depri-^itiou  in  the  centro.  leucine  lias 
■n  a^reeabk-  laiitc  of  ItoiU'd  tneut  or  soup.  It  i»  lig;liter  than 
water.  When  hrated  it  inclt<t  at  u  t«iiipenitur«  much  higher 
tlifea  that  of  boiling  n-ater,  i-mittiiig  the  smfll  uf  roasted  meat, 
and  psftly  subliining  in  smnll  white  upcKjuc  cr^'stids.  The 
EqitM  witich  comes  over  contalna  empyTeumatic  oil  and  nni- 
moaia. 

Lcuebin  JinKolreA  readily  in  nitric  aeid.  If  we  hcut  tlic 
wvlutioti  to  drive  off  the  i-.w-om  of  nitrit-  nc'ul,  we  olserve  Hcarcely 
ajiy  cff<TVi-!»ce»i-e  iunl  no  enii.vtion  of  red  viij)Our.  'I'he  residue 
«ira[iarated  in  tJie  ttatid>l>alh  in  ii  gentle  heat  asstinm  tlie  form 
a  9oli<t  crvitULllinc  miiwt,  which  being  dried  faotweeii  fohli*  of 
io);  |)si|>i-r  mid  rcditsolvcd  in  waiter,  crystallizes  in  fine 
direr^nt  ncndlex.   'I'Iictm.'  mmiles  constitute  nUrokucic  nrid. 

TbU  acid  foriiM  witli  (he  MtUliublc  buses  suits  quite  differ-  >nua.i«iick 
nt  from  the  nitro-sacctiaraics,  NiQx>leucate  of  lime  is  »  wilt 
tuil  altered  by  exposure  to  the  air,  and  which  crystallizes  iii 
Hiall  groups.  When  Uirown  on  hiiniin^  coals  it  melts  in  its 
water  of  rrystallizutton,  but  not  so  readily  us  nitru-!incchamte 
lime.  Nitroleucale  of  magnesia  crystallizes  mid  U  not 
tercd  by  ex|M>*iire  to  tlie  air.  The  remaining  properties  of 
acid  am  Htill  uiikiiowrt.  It  i>  obviouiily  a  combination  of 
adil  with  leucine,  and  tlierefore  aiialogouA  to  nitro- 
ic  acid  in  its  nature.* 


!     I 

«Ta|iu 


8BCTION  XLIX. — OV  VVUVVtllC  ACID. 

This  acid  was  discovered  by  Dr.  Prout,  in  tbe  yeor  IBIS,  wmarf. 
I'irlrile  vngage<l   in   examining   tlie   pink-coloured   substaiico 
rfontu^  by  heating  a  solution  of  uric  acid  in  nitric  acid,     Ilia 
Itaorf*  of  obtaining  the  acid  wax  at  followat 

H«  digoMed  pure  uric  aeiil  in  dilute  nitric  acid.  An  effer- 
[tuwnoe  look  place,  and  the  acid  was  dts^olvetl.  The  exceM 
I  af  nitric  acid  wiis  neutralized  by  ammonia,  anil  tbe  eva|>oraliftn 

■tiniivd.     The  cotuur  of  the  liquid  became  gradually  of  a 
pur]tle  and  ilark  red  granular  crysiaL-  (Mmietimes  of  a 
[.ynwniiih  Luc  exicnudly),  ftoon  begun  to  separate  in  ubundnnre. 


•  Ann.  lie  Chan,  ct  tie  V^ys.  \m-  I  la 
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Piopcrtla 


0)«  I-  These  crystals  were  compoecN]  of  purpuric  ad<l  and  umtnonia 
they  were  diaaolveil  in  a  solution  of  cauMic  potaiJit  and  lirat 
iippliod  1<>  tilt-  solution  till  tlii^  rod  c-olour  entirely  disappeared. 
The  ulluilitti'  isuliition  wits  tlit-n  ^iiduuUy  droppf<l  into  dilute 
sulphuriir  add,  which  uniting  with  the  potash,  left  the  udd 
principle  in  u  state  of  purity." 

Purpuric  acid  thus  obtained  is  a  cream-coloured  powdw, 
which,  when  examined  with  a  nuignifier,  especially  tn  water, 
appeam  to  po&ses§  a  pearly  lustre.  It  lia&  no  tunell  nor  taste. 
Ita  spedfic  gravity  is  considerably  above  that  of  water,  iJiougb 
from  il#  Riiuuti*  »itatt!  of  divittiou  it  usually  take«  a  considerable 
timo  to  Militsidc  in  thiit  fluid. 

It  is  wry  little  soluble  in  water;  10,000  partu  of  tlial  liquid 
not  being  cupaltle  of  dissolving  one  part  »f  Uie  Md«l.  In  alctJiol 
and  (?ther  it  is  quite  insoluble.  It  diswlvi-*  reiidily  in  tlu*  c«n- 
centriitfd  minentl  acid';  and  in  the  slkiitine  itobitionit;  but  it  is 
insoluble,  or  nearly  §o,  in  dilute  sulphunc,  muriatic,  and  phos- 
phoric acidt),  and  ul§o  in  Holutionti  of  oxalic,  tartaric,  ami  dtric 
adds.  Concentrated  nitric  acid  dl.isolves  it  readily  with  effer- 
i-e&cence,  and  pnrpunite  of  nminunia  i!>  obtained.  (!hloriue 
likewise  dix.solves  it,  and  prodnccH  a  itimilar  cliange  on  IL  It 
dii«Koivc»  idso  whiMi  iu«i.'(led  by  heal  in  conwntnitvd  acetic  «ckL 

It  docs  not  sensibly  alter  the  colour  of  litmus  paper.  Wlien 
exposed  to  the  sir  it  does  not  <telii]»e«ce.  But  it  beeoom 
gradually  red,  and  some  piirpurate  of  ammonia  seem*  to  Iw 
formed  ui  it. 

When  heated  it  neither  melts  nor  sublimes,  but  acquires  n 
purple  hue  from  the  formation  of  ammonia,  and  afterwards 
hurnKf^ntdimlly  witlioiit  yicldingany  remarkable  odour.  When 
distilled  it  yields  a  good  deal  of  carbonate  of  ammonia,  some 
prus^ie  ucid,  and  a  little  fluid  having  an  oily  appearance,  while 
a  pulvcndcnt  charcoal  remains. 

It  combines  with  bases,  and  forms  salts  to  which  the  name  of 
piirptirates  has  been  given.  The  greater  number  of  these  pur- 
puratea  have  a  red  colour,  though  some  of  them  are  green  and 
Bomeofthem  yellow.  Purpuric  add  is  capable  of  decompowiig 
the  carbonates  when  assisted  by  heat,  and  it  does  not,  us  6ir  is 
known,  combine  with  any  other  acid. 

Dr.  Proiit  made  some  trials  to  dctcnnine  the  composition  of 
this  add  by  heating  it  with  peroxide  of  copper.  The  result  of 
his  experiments  gave  the  constituents  as  follows: 


I 
I 


PhU.  Trvi*.  1816,  p.  4S0. 
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3  ntoms  hydrogen 

» "              ■ 

=  0-25 

2  atoms  carfmn 

«                 ■ 

=  1-50 

1  atom  azote 

•                 • 

=  1-75 

2  atoms  ox)'geQ 

•                 * 

=  2-00 

CtHlI. 

Dit.  II. 
CginiaiUon, 


5-50 
According  to  tliU  analysts  the  equivalent  nun)tM>r  for  purpuric 
Facid  U  A'5  or  n  multiple  of  it.* 

It  may  he  n^ini^^itv  to  fttatv  Ihut  the  attempts  wliicli  I  made  to 
pnctm  this  acid  by  tlio  proovss  of  Dr.  i'rottt  did  not  Hucccfd,  nor 
SA  the  phvnomena  which  I  ol<s<-rv<-<I  rxiu'tly  a^ce  with  llioi^e 
Aaerilwd  by  Vauquelin,  who  cutisiilcrs  tlK>  colouring  matter  und 
tlwacidas  two  different  substances.  Lnwaiyne  conceives  lliat 
W  has  verifie*)  thin  opinion  uf  Vauquelin  by  decompatiing  the  pur- 
pimte  of  ammoiitii  by  moimM  of  tlic  gidvanic  lottery.  He  got  a 
Mlonricn  add  cullcctM)  roimd  the  poMtivc  pule,  while  llio  alka- 
Hm  tubstmner  round  the  negative  pole  was  deeper  coloured  thun 
ertr.f  1  suspect  that  these  discordancies  are  connected  with 
(one  diversity  in  tlie  properties  of  the  calculi  from  which  tho 

Ie  Acid  was  <^taiDed  by  the  different  experimenters. 
JEryrtWc  Acid. 
TUs  avid  was  formed  by  Unignnttflli.     His  method  waa  to 
solve  uric  acid  in  a  slight  excmt  of  nitric  nd<l,  to  evaporate 
Ninrlyt  and  then  put  tlic  solution  by  to  crystallize  in  a  cool 
pbce.      These  crj'stals  became  slowly  purple  when  cJ[po«ed  to 
the  ur.     The  purple  colour  appears  more  rapidly  If  they  be 
diMolved  in  water  and  a  few  drops  of  amroonia  added.     The 
mtnre  of  these  cryMids  ba»  not  yet  been  witiifaclurily  exp)aine<L 
■k  would  Mem  to  Ix'  ii  nit,  but  wliat  the  coiintiluentx  of  thi:t 
^Htt  are  I  do  not  know.     1  have  never  luul  an  i>|)portniiity  of 
^■Mtiag   Bmgnatclli's  paper,  which  puts  it  out  of  my  {>owvr  to 
•Bttr  into  farther  particulars  respecting  erylhriv  acid.     This 

fBM  WM  given  from  the  Greek  word  ■fjt'f«i,  red,  in  conse- 
eoM  of  lih«  red  colour  which  it  lasumcs  when  exposed  to 
in. 


>ir. 


SItCTION  L. — OF  ALLANTOIC  ACIU. 


This  is  the  name  which  M.  Lussaigne  bus  given  to  the  acid  tUMar- 
diaeorcntd  by  Vauquelin  and  Bunivu  in  the  li<iuur  ujiinii  of  tltc 


•  FMwt,  Plill.  TnuM.  1(118.  |>.  4M; 
t  Ana.  ik  Chim.  vl  dc  I'hyi.  sxli.  334. 
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cup'  I-  COW.*  I^ssaigne  examined  the  tiquor  contained  in  the  allan- 
tois,  and  likewise  that  contained  in  the  amnios  of  the  cow,  three 
several  times  in  succession,  and  always  found  the  acid  in  ques- 
tion in  the  liquor  contained  in  the  alUntois,  and  never  in  the 
liquor  amnli  of  the  cow.  He  is  of  opinion  that  the  liquid  of  the 
allantois  had  l>een  given  to  Yauquelin  and  Buniva  instead  of 
the  liquor  of  the  amnios,  and  on  t^at  account  changed  the  name 
from  amniotic  to  aUanloic  acid.f 
nnrav.  Allantoic  acid  is  obtained  by  evaporatiDg  the  liquid  of  the 
allantois.  It  crystallizes  in  square  prisms,  its  colour  is  white, 
and  its  lustre  pearly.  It  is  insipid,  and  not  altered  by  ezposoie 
to  the  air.  When  heated  it  does  not  melt  but  blackens,  !• 
decomposed,  and  yields  a  great  deal  of  carbonate  of  ammonia, 
some  hydrocyanate  of  ammonia,  and  an  oil,  and  it  leaves  a  light 
charcoal,  which  burns  away  without  leaving  any  residue.  Water 
at  the  ordinary  temperature  of  the  atmosphere  dissolves  ^ ^gth 
part  of  its  weight,  and  boiling  water  ^^th  of  its  weight  of  this 
acid.  The  solution  reddens  litmus  paper;  on  cooling  almost  all 
the  allantoic  acid  precipitates  in  fine  needles. 

It  dissolves  in  boiling  alcohol,  but  a  portion  crystallixea  m 
the  solution  cools.  The  aqueous  solution  of  this  acid  neither 
precipitates  the  solutions  of  lime,  barytes,  strontian,  nor  nitrate 
of  silver,  nitrate  of  mercury,  acetate  nor  diacetate  of  lead. 
When  treated  with  boiling  nitric  acid  it  is  converted  into  m 
yellow  gununy  mass,  which  has  an  acid  taste,  but  not  the  least 
bitterness. 

All  the  allantates  are  soluble  in  water  and  crystallizable. 
Allantate  of  barytes  crystallizes  in  white  prisms.     Its  taste  ia 
acid,  and  it  is  more  soluble  than  aUentate  of  potash.     Its  oos- 
Btituents,  as  determined  by  the  analysis  of  Lassaigne,  are 
Allantoic  acid  .         .         63-0 

Barytes  ...  9-5 

This  would  make  the  atomic  weight  of  this  add  63. 
The  allantate  of  lead  was  found  composed  of 

Allantoic  acid  .         .         58-33 

Oxide  of  lead  .         .         14 

This  would  make  the  atomic  weight  of  this  acid  58'33.  The 
mean  of  these  two  results  gives  60'66  for  the  atomic  weight  of 
this  acid. 

Lassiugne  subjected  allantoic  acid  to  analysis  by  means  vS 
oxide  of  copper,  and  obtained 

*  Add.  de  Chini.  uuciiL  ST9.     f  Ann.  de  Cfaim.  et  de  Phf  a.  xviL  295. 
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1«» 


Oxygen 
CarixHi    . 

Azote 

Hyilrof^ti 


32-00 
9^15 
25-24 
14-50 


Cltm  I. 
DC  It, 


Hie  atomic  numbrra  agrroiug  with  this  andyms,  and  approiivli-  compwui-w , 

bg  nv»ri:»t   to   tlic  utoiiiic  wci^^lit  deduced  from   tbe   ealta 

KrC4-d,  an.*  (hr  tolluwhig : 
20  alums  oxyj^D       .         .         20 
23  atoDU  carbon       .        .        17-25 
0  atoms  azote         .        .        15-7^ 
72  otuina  tiytlnii^eD   .         .  9 

ha 


IJ-i-OO 


of  oonsequence  the  most  coinplcx  acid  which   has 
^—.kubcTto  bvcn  subjected  to  Bualy^iN. 

^M         ascnox  li. — yt-  iivDKo-vAiino-isiiLi-iittitic  acid. 
^V     Some  alepa  tow-urd§  iho  fonnaUat]  of  this  acid  were  made  by  bmhj. 
BvnxUas  in  hit  \mper  on  bisulphuret  of  carbon,  but  it  i«  to  M. 
Zeise  tif  Copcnhi^rvn  that  we  are  imlebivd  for  a  full  iiivestiga- 
^  IJOB  of  its  nature." 

^H  When  an  aqueoua  MoiuUoi)  of  ummoiila  an<l  hHiilphiirvt  of 
^Kari>aii  nre  left  for  a  conHiderabli.-  timi-  in  contact  with  f?ach 
^PMbar  In  a  clone  vessel,  a  dark  brownish-reil  liquid  is  formed, 
muuBtiii)^  of  a  ntijitiire  of  liyrlro-c:irbo<sii]|iliati-  of  iinnmnii:!  iiiul 
nljiho-cyatiaie  of  amiDOitlii,  but  contiiiiiin^  no  ciirbotiEitc  of 
■mnonla.  Bimtlplnirct  of  airboii  diswlvm  wry  rciiilily  iti  an 
■hnrhotic  solution  of  ammonia.  The  solution  continues  aika- 
iinv  though  a  considerable  excess  of  bisulphuret  of  carbon  be 
•tUtd.  It  becomes  itpcolily  yellow,  then  brown,  an<l  NiniTlU  of 
inlpbitrctted  hydrogen.  In  about  iialf  an  hour  yellow  featbcr- 
rinqied  crystab  of  hydroMsarbo^ulphate  of  ammoiii:!  are  formed. 
Tb«e  cryvtabiire  to  be  separated  and  dried  by  premure  between 
hUsof  btnttin^  {mpt-r.  Beinj;  uow  tlL<<iw>lved  in  water,  and  tlic 
Mlntioii  mixed  witli  dilute  muriatic  acid,  an  oily  liquid  xcpar- 
aS«a,  which  is  bydro-caTbo-Nulphuric  acid.  'Hiivacid  in  separ- 
ated from  the  watery  [mnion  by  means  of  a  funnel. 

Hydn>-c;irbo-Hulpburic  acid  obtained  by  this  process  is  aPrxwnich 
raddiak  brown  triin^pan^ut  miy-looking  liquid,  heavier  tliun 


*  8cliw<igger'a  Jiihrbiicb,  xi.  VO,  «id  110. 
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t**^^  water,  and  having  a  peculiar  smell  mvtsd  with  that  of  nil[Aiur- 
etted  hydrogen.  M.  Zeise  is  of  opinion  that  this  aad  ia  a 
compound  of  hydrogen  with  a  combination  of  sulphur  and  car- 
bon in  different  proportions  from  what  constitutes  bisulphurrt 
of  carbon.  To  tiiis  compound  he  has  given  the  name  of  xan- 
thine, and  he  considers  it  as  a  compound  of 

3  atoms  sulphur  .         .         6 

I  atom  carbon    .         .         .         0*75 

6-75 

Its  atomic  weight  therefore  is  6-75,  and  it  is  in  reality  a  tei^ 
sulphate  of  carbon  if  Zeise's  notion  respecting  its  conatitutitMi 
be  correct.  This  xanthine  has  the  property  of  combining  with 
the  different  bases  in  the  same  way  as  chlorine,  bromine,  iodine, 
and  cyanogen,  and  to  these  compounds,  several  of  whic^  have 
been  described  by  Zeiae,  he  has  given  the  name  of  xatOkidea, 
OoBimtKB.  Hydn>-carbQ-«ulphuric  acid,  or  kydro-xanthic  acid,  aa  it  il. 
also  called,  is  a  compound,  according  to  Zeise,  of 
1  atom  xanthine        .  .  .  6-75 

1  atom  hydrogen     .         .         .         0-1Q6 


6875 
Hence  the  reason  of  the  name.     Or  we  may  consider  it  as  i 
compound  of 

I  atom  bisulphuret  of  carbon        .      4-75 
1  atom  sulphuretted  hydrc^en      .     3-135 


6-876 
It  is  obvious  that  the  atomic  constitution  of  the  acid,  whichever 
view  we  take,  will  be  the  same.  The  first  is  conformable  to  the 
opinions  formed  by  Zeise,  but  some  of  the  changes  which  the 
acid  undeigoes  rather  favour  the  second.  Nor  are  we  to  con- 
sider the  constituents  of  the  acid  as  perfectly  established.  For 
Zeise  rather  drew  his  deductions  from  theoretical  views  tbaa 
from  actual  experiment  The  salts  which  this  add  forms,  and 
several  of  which  have  been  examined  by  Zeise,  are  called 
hydro-carbo-stdpkaiea,  or  hydro-^canthtUea. 

SECTION  LII. — OF  8ULPHO-VINIC  ACID. 

ukWT.  I*-  ^^^  been  known  for  many  years  that  when  concentrated 

sulphuric  and  and  alcohol  are  mixed  together  in  a  retort,  the 
mixture  is  accompanied  by  the  evolution  of  much  heat,  and 
that  when  it  is  distilled  a  very  volatile  and  inflammable  liquid 
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ii  ot>ta>iiRl,  dlstinj^uklMMl  by  tlic  name  of  »titpiiurie  elher. 
Foorcroy  aud  Vuuciui'liii,  in  ii  pA{>«roii  viht-rificiitioii,  jiublished 
in  an  cnr)y  rulumv  of  llii'  Auimlcs  Av  Chimu*,  ciiilwivouned  to 
prove  Uuit  tlic  sulpliuric  acid  merely  acU-d  by  iibKtntcUiif;  a 
yottioti  of  Uic  tiniu-r,  uul  (but  i-tber  ts  iJcubul  deprived  of 
■  certuin  projiortion  of  iu  w»ler.  Tbia  opiuiori  Wiis  called 
b  qnndan  by  M.  I)^>il,*  n-lio  endeavoured  to  provo  tbut 
during  tbe  pHxrcKM  rbi-  Htiliihiirieucid  iiiukr^oesdecoinpositioii, 
that  it  yields  n  portion  of  ite  oxyi;en  to  tlie  uleubol,  mid  tlmt  a 
Mw  acid  ta  formed,  intermediate  bvtween  Hiilphiirous  luid  sul- 
pkuiic  aei<l.  Foureroyand  Vaiiqueliu  objected  to  this  opituon 
(f  Dibit,  tkat  it  was  aliugelher  unMipported  by  experiment, 
ukI  could  not  tlierefore  b«  ad<^>t«d  by  chcnii!it&.i  Two  years 
■firr,  D«bit  piibliolicd  a  M-eond  memoir  on  the  formniion  of 
M^r,!  in  ubtcli  lie  drmonstralcK  by  verj'  decisive  experiments 
tktt  a  acw  acid  i»  formrd  during  tbe  conversion  of  alcohol  into 
(d>er,  by  th«  action  of  sulphuric  acid.  It  is  difficult  to  explain 
vby  no  notice  whatever  was  taken  of  tttU  interesting  paper  of 
Miit,  and  why  no  penion  thought  it  worth  bin  while  to  repeat 
\n  experimenla.  'liie  &ct  is,  tliat  ever  nince  diemLstry  existed 
m  m  •ci«nce,  there  has  always  been  some  individua],  whose 
fpiaioiM  for  tbe  ttine  were  adopted  by  the  chemists  on  the  con- 
doant  without  dUdiwion  or  heHitaiioii.  FourcroyattJiat  time 
njoyed  that  silnation  in  France,  and  the  experiments  of  Dabtt 
vere  npglect«-d  and  fur)|;otten,  because  they  were  incoiisitttent 
villi  the  opinions  ot'  that  eloquent  lecturer.  Dubit  pre[»aTed 
lerenl  salti  containing  bis  new  add  as  a  constituent,  and 
ibmrcd  by  the  roiMt  dedsive  experiroeiitji  lliat  ibis  new  acid  was 
tinlber  sulphuric  nor  )>ulphurou»,  tliough  it  contained  sulphur 
M  an  emcotJal  coiiKtiinent. 

lo  ti>«  year  1616  I>r.  Serturner  of  Einbeck,  published  an 
tUwrate  poper  on  the  rombinatkm  of  acid*  wHA  batti  and  in 
iifimitt  mMoNcrf.}  In  tliis  pHper  be  ntlirnm  ibat  »iulphuric 
tad  in  acdi^  on  alcoliol  to  form  etiier,  produce!^  no  fewer  than 
liire«  acids,  wbidi  he  dlttingutsbes  by  the  names  of  acidum 
ffwtatwvtikiimu  imi ,  acidum  detOamotAiofiifitm,  and  aeidum  trit- 
awifttkinmnnii  'Ilie  firet  of  these  acids  is  oliUiined,  be  suye,  when 
equnl  weights  of  very  strong  alcohol  and  Huljihuric  acid  are 
ndxed  together,  llib  mixture  is  to  be  healed  and  then  mixed 
yjUt  a  Miffident  quaJilily  of  cludk  to  latunite  ihc  acid  wLtch  it 


(luat 
Dbr.  It 


•  Ann.  lie  CUm.  xxxiv.  26D. 
t  tbid.  xliii.  101. 
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°^-  *■  contains.  The  liquid  being  filtered  and  ev^MHUted  yields  pro- 
tcenothionate  of  lime,  from  which  the  acid  may  be  obtained  by 
means  of  sulpliuric  acid.  The  second  acid  is  obtained  from  die 
residue  after  the  distillation  of  ether,  by  exactly  a  similar  pro- 
cess ;  and  the  third  acid  is  formed  when  the  second  acid  b 
exposed  to  the  air.  It  absorbs  oxygen,  and  is  converted  into 
tritcenothionic  acid. 

Next  year  M.  Vogel  of  Munich  published  a  paper  on  tbe 
action  of  sulphuric  add  on  alcohol,  with  a  demonatration  of  tlie 
formation  of  a  new  acid,  to  which  he  gave  the  name  of  n^Jn>- 
vinie*  This  paper  of  Vogel  was  commented  on  at  c«Hisidei» 
able  length  by  Serturner,  soon  after  its  appearance.f  Vogrf 
mixed  blether  equal  parts  of  alcohol  of  the  ^eci£c  gmTtt)^ 
0-617  and  concentrated  Sulphuric  acid,  and  preserved  the  mix- 
ture for  eight  days  in  a  stoppered  bottle.  He  then  divided  the 
liquid  into  two  equal  parts,  one  of  which  was  saturated  with 
carbonate  of  bary  tes,  and  the  other  with  carbonate  of  lead.  The 
solutions  being  filtered  and  evaporated,  yielded  crystals  of  sol- 
pho-vinate  of  barytes  and  sutpho-vinate  of  lead.  He  separated 
the  sulpho-vinic  atnd  frotn  both  of  these  salta,  ascertunfid  ita 
characters,  and  determined  the  nature  and  properties  of  the 
Siilpho-vinates.  He  pointed  out  the  analogy  between  sulpho- 
vinic  acid  and  hyposulphuric  acid.  But  he  did  not  subject  aay 
of  the  sulpho'vi nates  to  an  analysis. 

Soon  after  the  appearance  of  Veil's  paper,  an  interestiiig 
account  of  the  discovery  of  sulpho-vinic  acid  was  published  by 
Gay-Lussac,  accompanied  by  some  experiments  of  bis  own, 
irom  which  he  drew  as  a  conclusion,  that  sulpho-vinic  acid  is 
hyposulphuric  acid  united  with  a  certain  quantity  of  v^e- 
table  matter.^ 

In  the  year  1826,  a  very  interesting  set  of  experiments  by 
Mr.  Hennell  was  published  on  the  mutual  action  of  sulphuric 
acid  and  alcohol,  with  observations  on  the  composition  asd 
properties  of  the  resulting  conipound.§  In  this  paper,  Mr. 
Hennell  shows  the  nature  oi  oil  of  wine,  a  liquid  which  is 
obtained  in  the  process  for  making  sulphuric  ether.  It  it 
obtained  by  continuing  the  distillation  after  all  ether  ceases  to 
come  oiF.  Mr.  Hennell  discovered  that  this  oil  of  wine  b  a 
compound  of 

•  Gilbert's  Annnlen,  Ixiii.  81.  f  Ibid,  Ixiv.  07. 

X  Ann.  lie  Chim.  ct  de  I*hya.  xiii.  03. 
g  Pbil.  Trane.  1826,  p.  £40. 
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Ral  iiway»  containing  in  solution  lem  or  more  uf  a  HuhstAnce 
ompoM^  of  iN)ual  atomic  of  c;irl>oii  luid  liydruf^-n,  iiii<i  wliivh 
>tfMfate«l  sometinuM  in  cr)>i«ls  imd  KutiictinK-s  in  u  liquid  otiitv. 
Re  fotitul  farther  that  oil  ut'  wiiii-  luis  tlu-  ])ropcrly  of  eoiiibtn- 
lag  with  huitK*  iind  forming  neutial  tuilttt  wilb  tlicin ;  an<i  tliese 
■Ju  b4>in^  cxiiinincd  weT«  found  to  pouiess  exactly  th«  cliar- 
tcter  of  Ihff  Hulplio-vinaies  as  described  by  \'ogeI.  Hf  fiiuiid 
slan  ihnt  sulplturic  ucid,  widch  in  sumv  of  Mr.  Fanidity's  vxpe- 
tfanoiitft  hftd  absorbed  iibout  8U  limps  its  volume  of  ulofiunl  gaa, 
lad  by  ibid  process  been  partly  converted  into  Hulpbo-vinic 
■BiL  Mr,  Heniicll  hits  published  a  subsequent  paper  on  tim 
■elioo  of  fulpliuric  acid  on  alcobol,  but  a*  it  rcliites  niUier  to 
ihe  theory  of  etlierilication  tlian  to  »iiIpho<vinic  seid,  the  facta 
which  it  coNtJiin.t  will  comu  under  our  review  in  a  subsequent 
fut  of  this  volume  when  treating  of  stdphuric  ether, 

Salpho-vinic  add  may  be  obtuined  from  sulpho-vinate  of 
lad  or  ralpho-vinate  of  biirytes.  'I'lie  Hulpliu-viiiato  of  lead 
my  be  decomposed  by  a  current  of  ^ulpllurelted  hydrogen  gas, 
■nd  the  oulpho-viiuite  of  barytcs  by  means  of  sulphuric  acid. 

The  BulplKt-vinie  acid  thus  disengaged  may  be  concentrated  P»"t"»<i=. 
_hy  placing  it  in  an  exliausled  receiver  over  a  basin  containing 
ilphuric  scm).     By  this  ])roce!W  it  may  be  rendere*]  nearly  88 
ly-looking  as  sulphuric  arid,  iui<l  Jt^  specific  gravity  may  bo 
IM  hiph  as  l'31ft.     If  we  attempt  to  carry  the  eonccn- 
fttion  fiirtlier  the  acid  uu<Ierg«es  decorngMxtition,  sulphurous 
id  19  diM>ngaged,  and  sulphuric  acid  remains  mixed  with  a 
ttle  etberial  oiL      It  undergoes  decomposition  also  if  we  ntha 
to  tlie  luiilint;  lempeniture.     When  of  the  specifie  gravity 
|'<tl9  it  may  ifc  left  in  contact  wilb  cold  nitric  aeid  wiibuut 
ring  decomposed,  but  when  heat  JR  a|>plied,  deutoxide  of  azote 
.  dtBengageil.  atiil  sulphuric  uciil  remains.     The  same  altera- 
an  i«  product-d  whvn  tlie  snlpb<^-Yilnll«H  are  treated  with  nitric 
acid. 

This  aeid  cannot  be-  preserved  fur  any  length  nf  time  wlth- 
oat  being  altered.  AAer  a  bhort  time  it  oceaAions  a  precipitate 
In  nlta  of  baryles,  though  at  first  no  such  precipitates  appear. 
All  the  sulpbtH vitiates  hitlierto  oWrve^l  are  soluble  iti  water. 
M<»t  of  ibem  crystalUxe  and  iiavc  a  sweeti»li  tst*U;  and  their 
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'^'^^  solutions  are  not  precipitated  by  the  ealts  of  harytes  or  of  lead. 
They  may  be  exposed  for  a  long  time  to  the  air  without  uoder- 
going  decomposition.  But  when  heated  they  are  destroyed, 
and  converted  either  into  sulphates  or  bbulphates,  according  to 
the  nature  of  the  salt  and  the  quantity  of  heat  applied. 

M.  Gsy-Lussac  showed  that  sulpho-vinic  acid,  when  decom- 
posed by  means  of  nitric  acid,  yields  twice  as  much  sulphniic 
add  as  remains  when  a  sulpho>rinate  is  exposed  to  a  red  heat. 
Hence  he  concluded  that  the  sulpho-vinic  acid  was  the  hyptH 
sulphuric  mixed  with  some  vegetable  matter.  But  Mr. 
Hennell  has  shown  by  direct  experiment  that  this  and  is  a 
compound  of 
compodtka.  2  atoms  sulphuric  acid         .         10 

4  atoms  carbon  .         .  3 

4  atoms  hydrogen       .         .  0*5 

13-5 

so  that  an  atom  of  it  weighs  13*5.  It  saturates  just  as  mudi 
of  the  bases  as  half  the  sulphuric  acid  which  it  contains  would 
do.  On  that  account,  Mr.  Hennell  conceives  that  one-half  of 
the  add  in  it  is  saturated  with  the  csrbo-hydrc^n,  and  that 
only  the  other  half  is  at  liberty  to  combine  with  bases.  Bat 
this  view  of  the  subject  is  scarcely  compatible  with  the  fiiet  that 
sw>€et  oil  of  wine'ia  perfectly  neutral,  unless  it  be  rendered  so  by 
the  excess  of  carbo-hydr<^en  which  it  contains.  The  carlx^ 
hydn^en  contained  in  sulpho-vinic  acid  b  a  compound  irf  4 
atoms  carbon  and  4  atoms  hydrogen.  It  b  therefore  analt^ous 
to  the  tetarto-carbo-hydrogen  described  in  the  first  volume  of 
this  work  (p.  200),  though,  as  it  may  be  obtained  even  in  a 
solid  state,  it  is  certainly  not  identical  with  iL  It  would  appear 
from  this,  that  carbon  and  hydrogen  are  not  only  capable  of 
forming  a  variety  of  compounds  by  grouping  tt^ther  a  greater 
or  smaller  number  of  particles  of  carbo^hydrogen,  as  has  been 
explained  in  a  former  part  of  this  work  (Vol.  I.  p.  191),  but 
even  when  the  number  of  atoms  is  the  same,  the  nature  of 
the  compound  may  be  altered  by  a  different  mode  of  arranging 
the  atoms.  We  may  then  consider  sulpho-vinic  add  as  a  com- 
pound  of 

3  atoms  sulphuric  add       ...         10 
1  atom  tetarto-carbo-hydrogen  .         .  3*6 

13-5 

It  is  clear  that  both  the  atoms  of  sulphuric  acid  are  in  combina- 
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ftiow  with  the  atom  of  tcULTlo-<;ftrbo-byiirog;(^n,  otlierwwe  llie     ?J"  '• 

I  WrytM  Raits  voiiUt  un<toiil)tc<11j-  net  upon  it  oiid  throw-  down '. 

ikat  portion  wluvh  is  not  in  oombiiuition. 
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SEcnuN  I.III. — Of  XANTIIIC  ACID. 
This  BciA  WW  also  discovered  by  M.  Zeise.  His  method  ^-urr. 
s  (bllows :  To  a  sotulioo  of  pota&h  in  alcohol  bisulphurct 
of  carbon  wu  gradually  addc-d  till  (he  alkali  was  neiitraiized. 
By  this  |>To<»«i  xanthiv  acid  wa.t  fonncd,  wliicli  butii^  cocnbiiied 
with  tlio  aUuili  constituted  xaiUhate  tifjtotaxh.  'Diis  nudl  cry»- 
yittM  in  nc«dlM ;  it  is  colourle^  and  posMased  of  coruidvnibic 
brSltMicy.  \\'lien  exposed  to  (he  air  it  heconea  slightly  yellow. 
lu  tute  is  cooling,  sulphurcoiL-s  and  lOiaq).  It  is  very  soluble 
In  water,  and  yet  does  not  ab«oT)>  moisture  from  (he  atmospliere. 
Il  ^Molves  al<M)  ill  alcobof,  luid  iit  very  Mliglitly  M>luMe  in  edicr. 

When  mtiriutic  icid  or  sulphuric  acid,  ill  a  concentrii ted  state, 
Li  poured  u[Kin  (his  salt  do  efler\-esccnc«  takes  place,  but  if  these 
arids  be  diluted  with  four  or  five  liint-A  tlit-ir  weight  of  water,  ii 
!i(|uid  Kepara(e«  heavier  tlwm  «iiter,  and  having  lui  exact  resem- 
blu)c«  to  nn  oil.     This  liquid  is  xatUhtc  acid. 

This  add  is  transparent  and  colourless.  It  is  liquid  at  the  i'">t>cii>i 
otdiaary  temperature  of  the  atmosphere,  and  even  when  tooled 
madt  lower.  Il  b  heavier  (han  water,  and  dues  not  unite  with 
that  liquid.  When  expUMtl  to  the  sai  it  is  soon  covered  with 
awbitoopnquecruAt.  It  undergoes  spontaneous  deeomposicion 
whni  kept  undiT  water.  Its  smell  is  Hlri>ng  and  (leculiuf ,  bear- 
ing MHnc  analogy  to  that  of  sulphurous  acid.  Its  taitte  \»  acid ; 
k  th«n  gives  an  astringent  and  bitter  impriMwion.  It  rechh-ns 
paper  stained  bine  with  litmus,  and  the  reddened  part  soon 
bcc»mm  yellowUli-wliite. 

Tilts  acid  diKHolves  readily  in  an  aqueous  solution  of  potash, 
hurytcs,  or  imimuniii.  It  diNcngage^  carbonic  acid  from  carbo- 
nate of  puta.'^li,  and  forms  xjmtluile  <if  pu(a&b.  The  other  ulkuliiie 
xanthoUii  may  aUo  bo  made  by  <tige!iting  it  on  the  respective 
cvtwnatfis. 

In  tJ)e  open  air  (his  add  catchi^tt  fire  from  the  Aame  of  a 
ctndle,  and  hums  with  a  strong  oilour  of  bulphurous  acid. 
Wbeit  heated  in  n  retort  it  unde^oes  decomposition  at  a  t<.>m- 
penlure  mueh  lower  ihau  tliat  of  boiling  Mater.  Common 
bisulphuret  of  carbon  ts  formed  and  an  inSammable  gas  evolved, 
which  has  neither  llie  xmell  of  onioiw  nor  of  sulphnrmis  ucid. 
It  readily  diMoIves  iodine.  The  Hwlution  is  at  first  yellow  and 
(hen  becumn  brown.     But  the  colour  won  disap])can«,  and  in 


1 
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chm  I.  two  or  three  minutes  (provided  too  much  iodine  has  not  beeii- 
added)  it  assumes  the  form  of  an  oily  opaque  liquid,  having  a 
light  yellow  colour.  The  aqueous  liquid  above  thb  oily  matter 
coDtaius  a  solution  of  hydriodic  acid.* 

Xanthic  acid  is  characterized  by  precipitating  the  salts  of 
copper  yellow. 
comps^tiaD.       According  to  Zeise  this  acid  is  a  compound  of 
4  atoms  carbon  ,         .  3 

4  atoms  sulphur  .  -       .  8 

3  atoms  hydrc^en         .         .  0-375 

1  atom  oxygen  .         .  1 


12-375 

This  would  make  the  atomic  weight  12*375.  But  this  opinion 
is  not  founded  upon  any  analysis  of  the  xanthates,  but  upon  the 
supposition  that  the  acid  is  a  compound  of  two  atoms  bisulphuret 
of  carbon,  and  one  atom  of  alcohol.  For  alcohol,  as  we  shall  find 
afterwards,  is  a  compound  of  1  atom  oxygen,  2  atoms  carbon,- 
and  3  atoms  hydrogen,  so  that  its  atomic  weight  is  2*875 ;  while 
that  of  bisulphuret  of  carbon  is  4*75.  Thus  we  have 
3  atoms  bbulphuret  of  carbon         .         .  9*5 

1  atom  alcohol 2-875 


12-375 

Bat  this  opinion,  not  being  supported  by  satisfactory  analyses) 
cannot  be  viewe<l  in  any  other  light  than  an  ingenious  conjec- 
ture. At  least  in  none  of  Zeise's  papers  on  the  subject,  whidi 
I  have  had  an  opportunity  of  seeing,  is  the  statement  supported 
by  experimental  evidence.f 
xuthici^  During  the  distillation  of  xanthate  of  potash,  a  substaDoe 
comes  over  whidi  Zeise  has  distinguished  by  the  name  of  x(m- 
thic  oil.  It  is  limpid,  has  a  yellow  colour,  and  a  very  strong 
and  peculiar  smelj  which  adheres  long  to  every  substance  impre§^ 
nated  with  it     Its  taste  is  sweet  and  sharp.     Water  dissolvee 

■  Zciee;  Ann.  de  Chim.  et  de  Phys.  ■x\\.  I60> 

t  The  reader  will  find  the  composition  of  this  acid  stated  on  Zdte'a  an- 
thoritj  in  L.  Gmelin's  Handbuch  dcr  Theoretischen  Chemie,  i.  328 ;  bat 
Dot  aupported  by  experimental  proor,  as  Omelin  is  always  in  the  habit  of 
giving  when  any  exists.  1  am  induced  from  this  to  suspect  that  the  atue- 
ment  is  founded  on  experiment,  though  I  know  of  none.  As  I  have  not 
had  an  opportunity  of  seeing  all  the  periodical  works  on  chemistry  in  Oer- 
many,  some  of  Zeise's  papers  might  have  been  overlooked  by  me.  But  tbii 
is  not  likely  to  be  the  case  with  a  professor  of  chemistry  in  a  German  uoi- 
veraity. 
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U  in  rery  uiudl  quAntity.  But  it  in  abutiditnlly  dissolved  in 
even  very  wrnk  nlcolioL  It  bos  no  add  qualities,  does  not 
inopitate  metallicsolutions  hums  willt  a  blue  fliune,  aiiil  tliu 
•volutioti  tif  much  Hiil|itiiirutis  acid  mixitl  wiili  (.-urbuitic  acid. 

\\*li«-u  the  xsnttiatt-fl  arv  distilled  Ihcy  ore  dct^vuiposcd,  Hid- 

jiliunrtU'd  b>dru^'ii.carl>onicacid.nndxanlliicoi)  lieing  fortnvd, 

lad  there  ivinidns  in  the  retort » ttul|tliiirel  mixed  with  cluircaui, 

S'itrie  itcid  wtd  clilurine  <li'<;orn)>iM<^'  iht-sc  sall-i  by  destroying 

I      lite  lantiiic  add;  while  diluted  muriatic  and  sulphuric  acid 

iinuaipo»e  lb«in,  fX|H'lling  the  isntbic  add.     The  aikaUri« 

i      iuUHiie»nre»rdubU- in  water,  and  ilieygivc-  wiihsaluof  Ivadft 

I      wUto,  and  witli  salts  of  co|i|>er  ;i  ycUow,  )ireci|iilati:.  With  sails 

'      oTprutoxideof  mercury  and  oxide  of  »ilrer  tbeypvc  brown  and 

I      blwk  prcci]ii(ateS)  or  at  Iruat  tboy  speedily  iissume  these  c<olour9. 

^L  KCCTION  UV,— ur  st)LPllU-N'A)'IITIIAI.tC  AL'ID. 

^P*  TUa  acid  wns  discovered  by  Mr.  Faraday  in  the  year  182(i,  iimw;. 
^ImI  deM-riiied  by  him  in  a  piip^T  inserted  in  the  Philoeophicul 
TiamtctiuQ*  for  tlutt  y<>ar.     When  concentrated  sulphuric  acid 
it  Ittft  iu  contact  witli  pure  naphlhaline,  a  combination  gradu- 
ally takes  place,  and  if  the  proportion  of  uaphtlialiue  employed 
^      bd  DM  loo  great,  a  complete  sobilioii  is  obtained  when  tbe  liquid 
I      bdihibKl  with  n'aler.     WWii  carbonate  of  haryles  is  digested 
with  thi*  liquid  the  uncombini-d  sulphuric  aci<l  ih  converted  into 
(Ulpfaatif  of  barytce,  while  u  ncutnd  solution  of  sulpho-oaphtlta- 
bu>  of  barytes  ia  obtained.     Ily  6ttcriug  the  liquid  and  evapo- 
tving.  tbe  sulpho-naphtlialate  of  barytes  may  be  obt<tine<I  iti 
inperfcet  er)'«tii]!i.     Ily  <li«»(dviii^  (lat  Kalt  b  wut«r,  and  exneliy 
■uniting tbe tttrj-ttw  iu  it  wilb  Milphuricacid,and  tben  filtering, 
th«  »ul]>h(Hnnpbt)ialioadd  is  obtained  pure  in  a  stale  of  solution. 
TU»  dquid  strongly  reddens  lilmus  [laper,  and  has  a  bitter  pk(wiu 

acid  tas(«.     \\'hcn  ntrongly  concentrated  by  heat  it  asaumen 
brown  colour,  aud  <ni  cooling  becomes  thick  and  ultimately 
and  i>  very  tUdiipiescent     'Ilio  heat  being  renewal  it 
miilted,  be|j;a»  to  smoke  and  was  charred,  but  did  nut  flame, 
lidy  gave  sulphuric  and  sulphurous  acid  vapoura,  and 
darooaL 
Anotim  portJoo  of  the  uune  aqueous  soluliDn  of  sulpha- 
ialte  acid  wait  pbici-<l  over  nulphiiric  add  in  an  exhausted 
In  »on)c  hours  it  liecnme  by  concentration  a  soft 
htte  Milid,  Bpjiarently  dry,  and  after  a  longer  period  it  was 
luud  and  britlte.     In  tliis  state  it  was  deliquescent  in  the  air: 
but  iu  rloM-  ri'Wek  it  inideroent  no  diailge  in  scvend  inontlw. 

111.  N 
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'^^  ^  Its  taste  was  bitter  and  acid,  accompaDied  by  an  imprendon  of 
something  metallic  like  that  of  salts  of  copper.  When  heated 
in  a  glass  tube  it  melted  before  it  was  heated-to  212°,  and  fm 
cooling  crystallized  from  central  points ;  but  the  whole  nlti- 
mately  became  solid.  When  more  highly  heated  water  was 
first  given  off,  and  the  acid  assumed  a  slight  red  tint,  but  no 
sulphurous  acid  was  yet  driven  off,  or  charring  produced,  and 
when  tested  by  mmiate  of  barytes  it  gave  but  very  slight  trace* 
of  sulphuric  acid.  In  this  state  it  seems  to  have  been  anhydroob 
A  higher  tempemture  caused  a  little  naphthaline  to  rise,  the  red 
liquid  became  deep  brown,  and  then  asudden  action  commenced 
at  the  bottom  of  the  tube,  which  spread  over  the  whole,  and  the 
acid  became  black  and  opaque.  When  the  heat  was  continiied 
naphthaline,  sulphurous  acid,  and  charcoal,  were  evolred ;  bvt 
a  portion  of  sulpho-naphthalic  acid  remained  nndecon^KMed 
miless  the  temperature  was  r^sed  to  redness. 

Sulpho-naphthalic  acid  combines  with  and  neutralizes  tlie  dif- 
ferent bases,  and  all  the  salts  of  it  hitherto  formed  are  solnble 
in  water.  When  strongly  heated  they  bum  with  a  dense  vhite 
flame,  leaving  a  sulphate  or  bisulphate  according  to  the  natane 
of  the  base. 
ctavaHioD.  To  determine  the  nature  of  this  acid  Mr.  Faraday  sabjected 
Bulpho-naphthalate  of  bary tes  to  analysis,  and  obtained  from  100 
parts  of  the  salt 

Barytes  .        .        .  27*67 

Sulphuric  acid   ■     .         .  30-17 

Carbon  .         .         .'  41-90 

Hydrogen       .         .         .  2-877 


102-517 
So  that  there  was  an  excess  of  2*517  per  cent     The  reeson 
was,  that  the  analysis  being  made  upon  only  a  few  giainB,  aay 
error  committed  was  multiplied  many  times  when  it  was  reduced 
to  100  grains.     But  if  we  consider  the  salt  aa  a  compound  of 
Barytes  ....         27-57  or    9-6 

Sulpho-naphthalic  acid        .         .         72-43  or  24-54 
it  is  obvious  that  the  atomic  weight  of  the  acid  must  be  24*5. ' 
Mr.  Faraday  considers  the  constituents  of  the  arid  to  be 
2  atoms  sulphuric  acid         ,         .         10 
20  atoms  carbon  .         .         ,         15 

8  atoms  hydrf^n       ...  1 

26 


Bit  &  ii  dear  liuu 

8  alMitt  Hnlphuric  ndtl 
18  lUonn  carlioti 
d  fttons  liydrngea 


24-5 


an  thf>  projiortions  which  eorreapontl  with  the  at»Riic  wPtj^ht  of 
t^  acid  sn  disluccd  fram  tlto  ntulysu  uf  8ulpli<>>tuip)ithalate  of 
btiytea.     The  exact  results  of  the  siiAlysis  are 
2-13  atoms  sulphuric  acid, 
19-75  Htiiirn^  mrlwii, 
t:^l<)  atoms  hy(lfx>gen. 
Wrrcwv  to  consider  ftulplvo>naplitluilic  acid  asacompound  o( 'i 
Monu  •ulphiiric  acid  uiid  1  nUnn  of  naphthaline,  and  were  we 
toadmit  nwfihtliaUnc  to  he  a  compound  of 

ISatooM  cvboii  .        .        13'A 

0  atoms  hydro^a        .        .  1*125 


14-625 
aoeords  with  some  of  tiiv  anulyscH  of  it  tliut  have  been 
the  atomic  weight  of  siilpho-tuiplilhalic  ac-id  would  he 
I  am  inclined  to  the  opinion  that  tliis  is  its  true  con- 
iiition.  Uri'M'iuhli.-^Hulpho-vinicatud  iacontatDiuglwoutoins 
Hulphurlc  acid,  m  Ihut  tlie  naiunitin);  power  of  tlus  acid  is 
to  one  half  when  it  cunib!nt---<  with  tuiphibiitine.  A 
doUuhnl  examination  of  tliisacid  will  pruhably  throw  new 
if^t  u|K)n  tlie  eoustilutioii  aud  alomio  weif^ht  of  naphthaline. 
On  this  account  it  Mceins  entitled  to  more  attention  than  luts 
been  hitherto  pniJ  to  it ;  fur  1  inn  nut  aware  tluil  Mr.  Fara- 
fay'a  expenB>eDts  have  been  repented.  1  iinleed  prepared  one 
IT  two  of  the  Giills  which  he  described,  merely  to  jiulge  of  their 
tpptrwance ;  but  did  not  subject  ihem  to  any  additional  exum- 


^^^E  SCCTIOM  LT.— or  VBC£TO-!iUI.PHL-niC  ACID. 

^^^^■it  acid,  which  is  obviously  itiiulo^^uH  to  iIk-  two  pivcedin^,  iiiturr- 
^mOiioovered  by  Bracunnot  in  I61'J,  during  his  research es  on 
the  aedoa  of  coiioeutrated  sulphuric  aci4l  on  v^;etat>lc  sub- 


WlWD  pieces  of  Itueii  or  hemp  dutlt  are  left  in  contact  willi 
Bmeaotnited  Hulphuric  acid  tliey  speedily  loso  their  texture  and 


■  Aan.ileChini.cltiePliyt.xit.  172, 
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cfetp- 1-  are  converted  into  a  pulp.  When  thb  pulp  is  diluted  with 
'~~~  water  the  greater  portion  of  the  linen  disaolres,  U^ther  wiA 
the  sulphuric  actd,  leaving  a  quantity  of  black  matter  which  ia 
to  be  separated.  The  solution  is  now  to  be  saturated  with  car- 
bonate of  lead  in  order  to  get  rid  of  the  sulphuric  acid ;  and 
the  sulphate  of  lead  being  separated  a  current  of  sulphuretted 
hydn^n  gas  is  passed  through  the  liquid  to  t3irow  down  the 
lead  which  was  in  solution.  The  liquid  thus  freed  from  lead 
being  concentrated  cauUously,  leaves  a  transparent  substmice 
resembling  very  closely  gum  arable  in  its  properties. 

If  this  gum  be  mixed  with  very  dilute  sulphuric  acid,  and 
boiled  for  some  time,  it  is  converted  into  two  very  remarkable 
substances.  By  far  the  greatest  part  of  it  assumes  the  form  of 
a  crystal lizablc  sugar ;  but  another  portion  in  which  the  sul- 
phuric acid  that  constituted  a  portion  of  the  gum  is  wholly 
concentrated,  possesses  the  characters  of  an  acid,  and  constitutes 
the  substance  to  which  Braeonnot  lias  given  the  name  of  vegebt- 
sulphuric.  This  acid  may  bo  separated  from  the  sugar  by  diges- 
tion in  rectified  spirits,  which  dissolve  the  acid  t^^ther  with 
a  small  portion  of  the  sugar.  Being  evaporated  to  tiie  connst- 
ence  of  a  syrup,  it  was  agitated  in  a  close  vessel  with  ether, 
which  assumed  a  straw  colour,  and  being  evaporated  left  regeto- 
sulphuric  acid  in  a  state  of  purity. 
iTopntin.  This  acid  is  nearly  colourless,  its  taste  is  very  acid,  almoM 
caustic,  setting  the  teeth  on  edge,  It  is  deliquescent  and 
incapable  of  being  crystallized.  When  exposed  to  a  tempers 
ture  a  little  elevated  it  gradually  assumes  a  brown  ctdonr. 
When  exposed  to  the  heat  of  a  water-bath  it  is  decomposed, 
and  becomes  black  at  a  temperature  rather  lower  than  that  of 
boiling  water.  When  in  that  state,  if  we  dilute  it  with  wat«^ 
flocks  of  vegetable  matter,  partly  charred,  are  deposited.  And 
when  muriate  of  barytes  is  dropt  into  Che  liquid,  a  precipitate 
of  sulphate  of  barytes  &Ils.  It  is  decomposed  still  more  rapidy 
at  a  temperature  above  that  of  boiling  water,  and  sufiboiting 
vapours  of  sulphurous  acid  are  exhaled. 

This  acid  occasions  no  precipitate  when  dropt  into  metallic 
solutions ;  it  does  not  even  throw  down  any  thing  when  mixed 
with  nitrate  of  barytes  or  diacetate  of  lead.  It  efitrveson 
strongly  with  the  carbonates,  and  dissolves  metallic  oxides, 
forming  salts  which  arc  in  crystal  lizable,  deliquescent,  and  inscH 
luble  in  rectified  spirits.  I'hcse  vegeto-sulphates  when  heated 
are  decomposed,  sulphurous  acid  being  evolved,  and  a  sulphate 
mixed  with  charcoal  remaining.     It  dissolves  iron  and  zinc  with 


SINAPIC  ACID. 

I  cvglutioii  of  by<lfo^ii  ga*.  'ITie  vegeto-siilpliaie*  of 
rytcs  aiid  leatl  are  very  m>Iu)»I«  in  wat«r,  and  have  the  appear-  . 
lee  of  |i;uin. 
Nu  oUempi  Iiw  bcren  idimIc  to  iiiiulyxi'  aiiy  of  Uie  regeto- 
ImIok,  or  lo  dvUrmiiiu  tlic  coiiitlitm'iifat  of  v«gcU>-«tilphuric 
'^■cicL  It  ubviouftjy  co»tuin8>iulphuricaci<lusuc'(iiUiUtuciil, iuh] 
ib  iituilutc)-  with  the  two  jirccediii);  acids  is  so  close-  tluit  llicrc 
MN  be  littlo  doiibl  of  il»  Ix^iujt  a  coin[rou»il  of  2  atoms  siilphu- 
ricactdaiid  I  iitomofMi^ar  uf  liitcn.  Furlbor  rcnearcbes  oii  it 
voubl  bv  iiitcruHttnv;.  becuuM.-  tbcy  would  be  likely  to  tliruw 
ligbl  oil  tltL*  utuitiiv  WL-t^Iit  of  Itncii  Hii^r;  frum  wliich  notav 
MOcJusioits  might  be  druwii  rcHf>cctiug  tbc  Htomiv  w«.'igbte  of  tliv 
ififlWcat  species  itf  suj^,  respecting  wbtch  we  atpreuiu  know 
UtUc. 


Clwt. 

Dlr.  II. 


SfiCTION  I.VI. — OF  SINAPIC  ACID. 

'I'his  acid  ww  dlacorcred  by   MM.    Henry,  junior,  und  iiMmr. 

in  the  expressird  oil  of  tlii^  timijiiit  uU»i ;  und  iiH  iboy 

lliut  »ulpliur  wns  one  of  tltc  conjttjtuents  of  it,  they  gnvo 

tho  luune  of  fKule  sulphotinapigue.      It  apprars  to  cxiKt  in 

rioiM  cniciform  plantjt.     'Die  iiii'lhoil  of  obtaining  tliis  acid 

follows : 

Digest  die  exprevmnl  oil  of  sinapis  allia  for  a  couple  of  weekii 

fa)  I  i  itA  wi'Iglit  of  ulcolio)  of  tliv  specific  gnivity  iit  Ictut  of 

O'^fi?   (but  the  stronger  tlie  better),  sbalting  it  fre4]»ently 

daring  the  digestion.     'l*hfn  dmw  off  tlio  alcohol,  mix  it  with 

a  Uttli*  watvr,  und  ptiuing  it  into  a  retort  dlMil  olf  the  biilf  of 

ihcaleohol.     When  the  matter  in  the  retort  is  .-illowcd  to  ciud 

a  prveipilato  of  fntty  matu-r  lalls  which  bnd  bei-n  lield  in  solii- 

tioa  by  tlie  ulcultol.     Free  llm  liquid  from  lliis  fatty  matter, 

and  leave  it  to  oponianeouit  evaporation.  Ilm  sinapic  acid  falls 

^^inpure  in  ibe  form  of  a  granubr  leddiob  mutu.     It  contiinn  a 

^■EMy  matter  which  is  temored  by  mcnns  of  etlier,  witli  wbivb 

^HU>e  impure  acid  iti  re|ieatedly  macerated  in  a  close  vessel.    I'lic 

^Kfint  (Mirlions  of  tlie  etlier  ucipiire  a  carmine  red  colour,  from 

^Kbtty  malti>r  dtssoh-od.     As  toon  m  ether  ccbscr  to  act  u|>on 

^■ihe  acid  il  ia  di«wlved  in  n  little  water,  ttie  solution  is  Bllered 

and  Ivtt  to  KpontniH'ous  ovaponition,  or  it  mny  bo  left  in  tlie 

lum  of  ilip  uir-punip  over  sillphnrie  acid.    I1te  itcid  fJioota 

I  KnwU,  glitUtring,  lialf  Hp]ieri«nl  groups  of  cryktub,  or  into 

Sina{<ic  ucid  tliuo  obiuined  lias  a  light  yellowish  colour.    Itit  mpniiM 
is  billcr,  sharp,  luul  sulphureous.     Il  does  not  n-ddcn 


d 
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cbtp.  L     litmua  dncture,  but  blackens  it  like  a  solution  of  a  hypo-sn^hate; 
"  But  it  reddens  the  ttncture  made  from  the  petals  d  the  malUnr. 

Whether  these  crystals  conbun  water  has  not  been  ascertaiiied. 
Tbey  are  soluble  in  water  and  alcohol,  and  sligbtly  solnble  in 
ether.  The  aqueous  solution  may  be  evaporated  to  drynea, 
and  the  acid  exposed  to  a  heat  of  230°  without  decompositioa. 
When  the  dry  acid  is  distilled  in  a  retort  it  is  decomposed  A 
little  of  the  acid  indeed  sublimes  unaltered,  but  by  fiir  the 
greatest  part  is  resolved  into  carbonic  acid,  so^huretted  hydro- 
gen, and  ammonia,  and  a  coal  which  remains  in  tbe  retort. 
Even  when  the  aqueous  solution  is  long  boiled  the  acid  is 
partly  decomposed,  and  sulphuretted  hydrogen  exhaleflj  whidi 
blackens  paper  dipped  in  acetate  of  lead. 

The  composition  of  this  acid  is  very  remarkable,  once  it 
contains  no  fewer  than  5  constituents,  namely,  oxygen,  hydro- 
gen, carbon,  azote,  and  sulphur.     The  proportions  of  these 
constituents  as  determined  by  Henry  and  Oarot  are  as  follows : 
Oxygen    .         .         .         11-91 


Caetmitlai, 


Hydrogen 

8-30 

Carbon     . 

49-50 

Azote 

12-96 

Sulphur    . 

17-33 

100 
None  of  the  salts  which  this  acid  forms  having  been  subjected 
to  analysis,  we  do  not  know  its  atomic  weight    But  the  smallest 
number  of  atoms  which  correspond  with  the  preceding  analy- 
sis is 

1^  atom   oxygen  .         ,  1-5 

9    atoms  hydn^^        .  1-125 

9    atoms  carbon    ,         .  6*75 

1    atom   azote     .         .  1*75 

1    atom  sulphur  .        .  2-00 


13-125    ■ 
Hence  the  atomic  weight  is  either  13-125,  or  a  multiple  of 
that  number. 

The  alkaline  and  earthy  sitiapatea  have  a  bitt«r  taste.  Sina- 
pate  of  potash  and  of  soda  shoot  out  into  small  crystals  about 
the  size  of  a  millet  seed.  Sinapate  of  ammonia  forms  small 
translucent  crystals,  which  appear  to  be  octahedrons.  Sinapate 
of  barytes  forms  small  ueedies  which  effloresce  in  the  air  and 
are  very  soluble  in  water.    Sinapate  of  strontian  is  umilar,  but 


GEMEDAL  REMARKS. 


188 


not  ctysUUIze  so  readily.    Siimputc  of  lime  dtitsolves  very 

mKlily,  KJid  wlwa  ciniporatcd  furnw  mitmillary  concrctioiu. 

Ktunpic  ncid  jirives  a  purple  red  colour  to  tlic  saltit  of  the  per- 

I      oxide  of  iron,  aiwl  by  this  acUon  a  very  minute  quantity  of  iron 

^K^y  be  dvleet^^l.     liy  tlii.i  roactioii  Henry  and  Ciarot  di»- 

^nDveml  the  preoence  of  lin^ipie  acid  in  pepper  cotnn  and  in  tiie 

H|M(h  of  re<l  caUMgc,  lurnipt,  iind  radiitlies,  an<t  in  water  «!!»• 

tiUod  bota  pepper.     But  they  found  no  traces  of  it  in  die  leaves 

of  erenea  and  cochlearia. 

This  acid  DOcaaioDS  a  precipitate  in  diacetate  of  lead,  nitrate 
of  raereury,  and  nitrate  of  silver ;  the  two  latter  in  eurdy  con- 
oetioiu,  wliieli  are  separated  by  boiling,  and  become  blaek. 
The  sionpotc  of  silver  iHunt  soluble  in  mtricacid.  Sinapicacid 
^ves  a  ^cen  colour  <o  n  solution  of  sulplinte  of  copper,  and  a 
I      white  precipitate  gnuluully  folU.* 

^r  Sdcb  are  the  properties  of  the  eompound  oxygen  acKlti,  so  for 
H  H  tlio  present  state  of  our  kitowtedge  eniililrt  um  to  go.  It  is 
not  unlikely  lliat  BOme  of  them  will  hereafter  require  to  liave 
hnr  pOMtion  altered.  For  it  is  more  than  prul»d>le  tliat  meU 
acid  and  croconic  acid  coutaintt  notliing  but  oxygen  and 
and  tkat  therefore  tbey  sliould  be  placed  along  widi 
onlic  acid  in  the  first  division  of  thw  class.  The  atomic  com- 
I      pCMtion  of  these  lliree  acids  is  probably  us  follows : 

^^^^^k  CutuD.  Oir*n>. 

^^^H         Oxalic  2  atoms     +     3  atoms 

^^H  MeUitic  .         fi  .       +      5 

^^^^  Croconic  5         .       .^     4 

^FBnt  u  tlie  absence  of  liydrogen  iit  tlie  two  lust  of  these  adit 
has  Dot  been  demunntratcd  by  sufficiently  accurate  experiment^ 
I  tliuik  it  belter  for  llio  present  to  let  them  retain  their  place 

I       imoaf^  the  compoun<l  oxygen  acids. 

H     If  the  analysis  of  hydro-eurbo-sulphuric  acid  be  accurate,  it 

^|eoittui»  no  oxygen.     Zeise   biet  t-tuleavoured  to  show  that 

^L^m  «xkti  ■  principle  to  which  hS  has  given  the  luune  of 
«g<*fiie,  composed  of 

a  atoms  sulphur  .         .         0 

I  atom  curbou  .         .         0*78 


Olr. 


I. 
IL 


6-78 

*  Not  lianm  Hemy  anil  Onrot'i  paper  ai  haad,  I  Iihyc  eitracteil  thi* 
ni  Jrom  Berwliut'  Uirbol  i  Keiiii<--n,  4  dcttn,  p.  103,  whirh  h  a  pnfttj 
I  ahrii^piieiit  of  the  p3|>cF  iu  ijueatiou,  to  far  lu  my  recoUoclioii  gfKf. 
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°<*p-^  vhich is  capable  like  cyanc^n  of  comlnDiiig  wiUi Uie  different 
acidiiiable  bases,  and  converting  them  into  acids.  Hydro-cai- 
bo-sulphuric  acid  he  considers  as  a  compound  of  1  atom  of  xan- 
thine and  1  atom  of  hydri^n.  Should  tius  <^inion  be  con> 
firmed  by  future  experiment,  we  must  add  another  class  <if 
acids  under  the  name  of  xanthine  acids.  But  as  Mr.  Zeise's 
experiments  are  obviously  insufficient  to  establish  hia  opinions 
upon  a  sufficiently  firm  base,  I  thought  it  better  in  the  mean  time 
to  place  this  acid  along  with  the  oxygen  acids  with  a  compound 
base,  to  which  it  obviously  bears  a  striking  an^i^y. 

We  have  no  idea  at  present  in  what  way  the  numerons 
atoms  composing  these  compound  acids  are  arranged.  Hence 
a  knowledge  of  their  mere  atomic  constituents  is  of  little 
vnportance,  excepting  so  fiir  as  it  gives  us  the  atomic  weiglit 
of  each  acid,  and  enables  us  to  form  some  judgment  respeclii^ 
the  comparative  simpUcity  or  complex  nature  of  each.  The 
following  table  exhibits  the  constitution  of  the  first  subdivision 
of  these  acids  so  far  as  it  has  been  determined : 


gatiMt. 


Formic 
Acetic 

Succinic 

Gallic 

ULninic 

Benzoic 

Citric 

Croconic 

Camphoric 

Mellilic 

Tartaric 

Vinic 

Suberic 

Mueic 

Kinic 


Atoms  of 
oiygm. 

3 
3 
3 
3 
16 
3 
4 
4 

41 

5 

5 

5 

e 

8 

Id 


AtomiDT 
carbon. 

.       2 

Atonuof 
iijdwogea 

1 

.        4 

.       2 

4 

2 

.       6 

3 

.     32 
.     15 

.     16 
6 

4 

a 

2        . 
1?      . 

.    11 

.       2 

6 

0?      . 

.       4 

2 

.       4 

4 

.       6 

16 

.       6 

4 

.        9 

10 

TttA 

6 

9 

9 
13 
64 
24 
10 
10? 

7? 
11 
13 
28 
18 
34 


We  see  from  this  table  that  the  smallest  number  of  atoms  in 
any  of  these  acids  is  in  the  ybrmic  which  contains  only  6  atoms, 
while  the  most  complex  is  the  idmic,  which  contains  no  fewer 
than  64  atoms.  In  the  gaiUc  and  ulmic  acids  the  atoms  of  oxygen 
and  hydrogen  are  just  in  the  proportion  to  constitute  water. 
In  the  formic,  acetic,  succinic,  citric,  croconic,  mellitie,  tartaric, 
vinic,  and  mucic,  the  hydrogen  is  in  too  small  a  ratio  to  satu- 
rate the  oxygen.  Formic  acid  might  he  resolved  into  an  atom 
sf  water  and  an  atom  of  ulefiant  gas,  and  citric  into  two  attHOs 
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of  water  aud  two  atoms  of  dtcurbonic  oxide,     In  benzoic,  cam-     '^>*^  '■    ■ 
[tliflric,  ftiihcric,  und  kiiiic,  it  b  iii  loo  gn-ut  u  ]>roponio[i.  °'''  "* 

Tlx'  fotlciwing  table  exbibits  tbv  constitution  of  Hudi  of  the 

rliitty  wide  as  liaVe  been  aiiiil)']e(<d. 
^  1.  Soiid  acids. 

St. 
M 


Stuaric 

Mafgaric 

Copric 

Ricinic 

Pink 


nnn- 


2 

3 
9 
4 
!> 


Atmuot 


36 
35 
18 
24 
67 


I 

I 


Oleic 

Pbocenic 

Bntfric 

CW|innc 


Auotor 


2.  Liquid  aeid», 

AMU  (4 
•inen. 

a 

3 


85 

10 

8 

12 


34 
32 
14 
22 
64 


AWMof 
hjilwnt> 

80 
7 
5 

10 


TMiL 

72 

70 

35 

50 

140 


nut 

674 

20 

16 

25 


4 

FMQradAi. 


I 


TIio  striking  difference  between  tliese  n«ids  and  tlie  Inat  set 
consista  in  tlie  (^rr^t  number  of  iitoms  of  cArboti  Hn<l  bydrogeii, 
mnpwrcd  to  the  snrnll  number  of  atoms  of  oxygen.  In  ito  oKt 
io  vrp  find  th«  number  of  atoms  of  carbon  and  iiytbvgrn  equal. 
Bat  in  general  the  a))|irisK'h  to  eqimlily  iit  »o  evident  that  I  am 
dnpoccd  to  considiT  these  aeidH  as  compound.'*  of  oxygen  with 
MKd  or  Kqittd  multiples  of  earbo-hydrogen,  conbiiiiing  many 
more  atoms  of  carbon  and  hydrogen  than  any  yet  met  w!lh  by 
eheiuLtiH.  The  iilomie  weights  of  the  soliil  acids  arc  in  gencnil 
kighcr  than  those  of  tlie  liijiiid.  Are  we  to  infer  from  thi» 
ibMt  the  tendcney  to  solidity  increnseii  witli  the  number  of 
Btoms  of  cnrl>o-bydrogeM  that  unite  into  one  complex  atom  ? 
i  Tlic  follovring  table  exbibits  the  constitution  of  the  ucids 
eonposcd  of  oxygen,  carbon,  and  azote : 

Almunf 

Carbaootie         .         16 

Indigodc  .         .         15       .       22 
Uric  .         .  1.6 

In  these  the  atoms  of  azote  are  always  few,  scarcely  exceed- 
ing S,  whili^  tlitMe  of  oxygi'U  itud  carbon  are  anmerouN,  with 
Uw  exeeptiun  of  uric  ari*!,  which  w  inueli  Hiiupler  in  its  cooi- 
ition  than  the  other  two. 

Tbe  fnllowiiig  talde  tliow*  the  constitutioii  of  thou  acidfl  2™3ta!' 
are  coinptHtcd  of  oxygen,  curbon,  hytlrogcn,  and  azote. 
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^^P  '■  Ataamt     AUoioT       Atooaof    AtHBmal 


Purpuric  .  .2.2.2.1.  7 
Pyniric  .  .  5  .  4  .  9  .  1  .  19 
Allantoic  .  .  20  .  23  .  72  .  9  .  124 
The  following  table  shows  the  atomic  coustitulion  of  those 

acids  that  are  composed  of  oxygen,  carbon,  hydn^n,  and 

sulphur : 

Alaoaof     AlaoMal  Atoattf  Atttmci    —-. 
ranco.      cubon.    liTdn«n.  Milphur.      ""*■ 


Hydro-carbo-flulphuric    0  ? 

.     1 

.     1 

.     3 

.    5? 

Xanthic          .         .         1 

.     4     , 

,     3     . 

.     4 

.  12 

Sulpho-vinic           .         6 

.     4     , 

.     4     . 

.     2 

.  16 

Sulpho-naphthalic  .         6 

.  18    . 

.     8    . 

.     2 

.  34 

The  sulpho-vinic  is  a  compound  of  two  atoms  sulphuric  aod 
and  two  atoms  olefiaut  gas.  It  is  cot  unlikely  that  sulpho- 
naphthalic  acid  is  a  compound  of  two  atoms  stilphnric  acid  with 
one  atom  of  naphthaline.  The  probability  is  that  the  consti- 
tution  of  the  other  two  acids,  included  in  this  table,  is  not 
accurately  made  out. 

It  is  very  doubtful  whether  these  compounds  owe  their  acid 
qualities  to  the  oxygen  which  they  contain.  Certainly  the 
degree  of  acidity  is  not  proportional  to  the  proportion  of  diii 
principle  which  they  contain.  There  can  be  no  doubt  that 
each  acid  as  a  whole  possesses  electro-negative  qualities;  but 
these  cannot  be  ascribed  to  the  oxygen,  which  in  the  £atty  adds 
must  be  completely  overpowered  by  the  great  number  of  electro- 
positive atoms  with  which  it  is  combined. 
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I  have  no  doubt  that  the  acids  formed  by  the  combinatioiu 
of  chlorine  with  the  acidifiable  bases  are  numerous,  and  they 
will  probably  one  day  rival  the  oxygen  acids  themselves.  But 
they  have  scarcely  yet  attracted  the  attention  of  chemists.  The 
consequence  is,  that  the  fects  respecting  these  acids  hitherto 
ascertained,  if  we  except  muriatic  acid,  which  had  been  known 
and  investigated  loug  before  its  constitution  was  suspected,  are 
very  few.  I  shall  lay  them  before  the  readers  of  thb  work  ta 
the  two  following  sections. 
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lliiTi*  H  li(tlc  doubt  tliat  Uiis  acid  vnia  known  iii  tlii'  ^'vcnlli  auutj. 
t«n(iiry,  as  il  b  <li*tjiiclly  alluikil  to  in  the  writings  of  Gi-bcr. 
BdI  Glauber  seonu)  u>  luivc  been  tlic  divmist  wliu  contrived  tlie 
Ipretcnt  mode  of  obtaininf^  it^  by  distilling  a  mi^tnrf  of  »ul- 
linric  acid  oik)  common  mlt.  ItwasdistttiguisbL-dby  tbv  iifimt's 
of  ^irit  qf  »aU,  marine  acid,  and  muriatic*  acid,  doubtless 
brouisc  It  is  obtained  from  comMon  stdt.  Mr.  Csvendiiih  first 
abtkined  this  add  in  tlie  ^i-wotu  stato,  and  mentioned  tii«  cir- 
tmNbUioe  in  hi«  pprr  on  Factitious  Airs,  publislKsl  in  n7G;f 
hit  be  docs  not  svcm  to  have  been  awaro  of  the  nature  of  t)ie 
tlostic  flnid  whicli  lie  obtained.  The  subject  was  ufterwurds 
taken  up  by  Dr.  Priestley,  whoascerrfiiiied  tbe  nature  ami  pro- 
iea  of  muriatic  acid  gm,  niid  must  tln^rcfore  be  conaitlcred 

tbe  true  discoverer  of  it^  In  1774  Scbvel«  discovered 
irine  gas,  and  staled  tbo  <:iim|K«»ition  of  muitatic  acid  to  be 
itie  uiiil4.-tl  to  pfdiM/itlvM,  By  jihlogUton  he  tueaiit  hytlroiiVH, 
Therefore,  acconllng  to  tlie  opinion  of  Sclieele,  muriatic  avid  in 
%  oompound  of  chlorine  and  hydrogen.  Tlib  opinion  was 
■ef^Ic^ed  for  many  years;  but  uiw  rrvix-ed  a^uin  in  1810  by 
lir  H.  Davy,  in  eonsequenoe  chiefly  of  tlic  experiments  of 
«y-Luiwac  and  'llienurd.      The  numerous  cxpcrimeiit«  of 

avy,  assisted  by  the  subsc^iueiit  discovery  of  iodine,  nnd  its 
•trikiiig analogy  to  chloriru>,f;nidu;dly  t-sUiblished  the  theory  of 
Davy.  I  nm  not  wKunr  of  any  ehcoust  who  ut  present  Bupjiurts 
the  old  hypothesis  of  IlertlioUet. 

Nothing  is  easier  than  to  procure  gnseous  muriatic  acid  in 
■mall  qiuinllties.     We  hnve  only  to  put  a  Utile  common  Bult 
into   the   snmll  tubulated 
retort  A,  capable  of  hold- 
ing three   or   four   cubic 
Indtrtt  and  then  to  pour 

by  the  Inbular »  quantity      V  )  "N^  ^ 

of  oulphuric acid,  while  tltc 
bent  extremity  of  the  beak 
H  plunged  into  a  mercurial 

trough  under  the  mouth  ofn  small  ghws  jnr  standing  inverteil 
ovpt  it  and  filled  with  mercury,  liiegas  issues  at  first  rapidly 
from  the  beidt  b.     A  portion  must  be  allowed  to  escape  before 


1 


*  JUotM  i>  umJ  by  Cicero  for  brine  of  laU  taUr. 

t  PhU-  Tthu.  vol.  In.  |>.  I>7.  f  Mati^  on  AJr,  U.  276. 
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<^>»p- 1-  we  begin  to  collect  the  gas,  that  we  may  be  sure  that  all  the 
common  air  has  been  driven  out  of  the  retort  AAer  a  short 
time  the  evolutioD  of  muriatic  acid  gas  stops.  We  must  then 
^ply  the  heat  of  a  lamp  to  the  belly  of  the  retort,  and  the  gas 
will  be  driven  over  with  such  rapidity,  that  we  may  in  a  few 
minutes  fill  five  or  six  little  jars  with  it,  and  thus  collect  a  suffi- 
tnent  quantity  to  examine  its  properties. 
Propcrtta.  1.  It  is  invisible  like  common  air,  and  capable  like  it  of 
indefinite  contraction  and  expansion.  Its  smell  is  peculiar,  and 
when  let  into  common  ^r  it  becomes  visible  by  forming  a  white 
smoke  in  consequence  of  the  avidity  with  which  it  absorbs 
moisture.  It  reddens  vegetable  blues  and  has  a  very  sour  taste, 
and  possesses  powerful  corrosive  qualities. 

2.  I  found  its  specific  gravity  at  the  temperature  of  60°  and 
when  the  barometer  stood  at  30  inches  1*2643.  The  true  spe- 
cific gravity  has  been  shown  by  Gay-Lussac  to  be  the  mean  of 
the  specific  gravity  of  hydrogen  gas  and  chlorine  gas,  or  1-2847. 

3.  Animals  are  incapable  of  breathing  it;  and  when  plunged 
into  jars  filled  with  it,  they  die  instantaneously  in  convulsions. 
Neither  will  any  combustible  burn  in  it.  It  is  remarkable, 
however,  that  it  has  a  considerublc  efiect  upon  the  flame  of 
combustible  bodies ;  for  if  a  burning  taper  be  plunged  into  il, 
the  flame,  just  before  it  goes  out,  may  be  observed  to  assume  a 
green  colour,  and  the  same  tinge  appears  the  next  time  the 
t^er  is  lighted.* 

4.  Its  refracting  power,  according  to  the  experiments  of 
Chevreul,  is  1'527,  that  of  air  being  unity.f 

5.  Water  absorbs  this  gas  with  prodigious  rapidity.  If  we 
fill  a  phial  with  it,  and  take  out  the  stopper  while  the  mouth  of 
the  phial  is  under  water,  the  liquid  rushes  in  with  fully  as  much 
violence  as  it  would  into  a  vacuum.  At  the  temperature  of 
69"  one  cubic  inch  of  water  is  capable  of  absorbing  417-823 
cubic  inches  of  muriatic  acid  gas.  l"he  temperature  of  the  liquid 
increases  considerably;  and  its  volume  at  69°  is  1*3438  cubic 
inch.  It  is  obvious  from  this  that  100  grains  of  add  of  this 
strength  contain  103  cubic  inches  of  the  acid  gas;  and  a  cubic 
inch  of  this  acid  contains  311-04146  cubic  inches  of  the  acid 
gae.  Acid  of  this  strength  has  a  specific  gravity  of  1*1958)  and 
contains  40*39  per  cent,  of  real  acid  united  with  59-6 1  of  water. 
In  winter  liquid  acid  may  be  obtained  having  a  specific  gravity 
of  1-2 12,  and  probably  by  artificial  cooling  the  saturation  of  the 

.    *  F^ieidey,  ii.  £93.  -f  Ana.  de  Chim.  ct  du  Phyn.  xxxi.  I6& 
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,  M-nlor  tntglit  l>e  carrii^l  hIiII  farther.     Tlie  follou-htir  tublv  witidi 
caiistriirlcd  vritli  consid^mble  care,  from  udual  experiment,* 
rxliiliitii  the  eomj>oaition  of  liquid  muriado  acid  of  viiriouB  spe- 
[  rilii-  ^ruvities. 


CUM  It 


A*M* 

Aln» 

AeMlnlin 

HfrtMIe 

■n4 

MUt. 

Ol  IKflWL 

ttiTUy 

6 

40-659 

1-203 

7* 

37-000 

1-179 

8 

33-945 

11 62 

U 

31-346 

1-149 

-J 

10 

29-134 

1-139 

11 

27-20fi 

M2*i 

12 

25-517 

1-1197 

10 

24(tt6 

1-1127 

14 

'22-700 

11060 

15 

'.'l-51'i 

M008 

16 

20-442 

1-090O 

17 

19-474 

10902 

18 

16-590 

1-0860 

19 

17-790 

1-01^20 

20 

17051 

1-0780 
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Ice  also  fltwK>rl(S  llii«  ffrn,  am\  'u  iit  the  mmn  time  liqnelie«l. 

1^  qnaiiiity  of  this  gas  nlKsorlied  by  u'nler  dimiiiifhc^  wt  tW 

of  ll»L-  water  mercaies,  and  at  a  Iwiliiig  Iienl  »-n{er  will 

tmt  ahaorb  any  of  it.      When  water  impregnated  with  it  ts 

Iwstodi  tire  gas  it)  ^i^in  c.T|)oUeil  umilterml.     Henee  muriatic 

•eid  gm  mny  Ik-  pnieured  hy  heiitini;  the  common  nuiriiilic  acid 

nimmerce.     It  was  by  this  procesa  that  Dr.  l*ric-)itley  first 

tniiKtl  it. 

Liquid  raiiriatii-  add,  an  tlie  solution  of  tlic  gns  in  water  it  iTtf-iuioo. 

Iieitii^  more  employed  in  Hiciiiie^d  experiments  tlian  any 

r  acid,  requin-H  tw  be  olituincd  (jtiite  free  from  all  impurity; 

id  an  the  muriatic  acMl  of  commerce  does  not  po^wM  that 

lispeuKible  n-qui'itc,  it  in  ri-ipiUiie  to  prejiare  it  in  the  labora- 

ry.     'Die  nppitnituti  employed  fur  thJM  purpose  tn  represented 

in  life  figure  in  next  pii^'.     A  is  a  t»bidnte<l  retort  of  Hucli  a 

i/r  that  :i  coupk-  of  pouiidit  of  common  ttah  may  bo  put  iuto  It 

rilliuut  fillinj;  it  more  ilian  lialf  full.     The  beak  of  this  retort 

through  n  perforated  cork  into  the  opening  of  the  side  of 

Jut  B.     Tliia  jar  hm  two  mouths.     Through  one  of  them 

!|he  tiilx'  of  safety  a  piif«es  to  the  very  bottom  of  tbejju-.      It 

a  First  Praidpln,  i.  B7. 


190 

dup-L 


CHLORINE  ACIDS. 


4' 


fikTfCTMX 


KJ 


passes  through  a  perforated  cork,  so  as  to  be  air-dght  in  the 
mouth  of  the  jar.  About  an  inch  of  water  is  put  into  the  jar 
B,  into  which  the  tube  of  safety  a  plunges.  From  the  other 
mouth  of  the  jar  B  issues  the  glass  tube  b,  also  fised  tight  in 
the  jar  by  means  of  a  perforated  cork.  This  tube  bending  at 
right  angles  passes  into  one  of  the  three  mouths  of  the  tall  jar  C 
filled  about  two-thirds  with  water.  The  jar  C  has  three  mouths. 
Into  the  first  passes  the  glass  tube  b;  into  the  second  the  tube 
of  safety  d ;  and  into  the  third  tlie  glass  tube  e.  This  tube 
passes  to  the  bottom  of  another  Woolfe's  bottle  O,  which  has 
also  its  tube  of  safety  g,  and  the  bent  tube  E,  and  which  like 
tlie  jar  C  is  filled  two-thirds  with  distilled  water.  All  the  mouths 
of  the  Woolfe's  bottles  must  be  carefully  luted  with  &t  late, 
and  then  a  piece  of  cloth  dipt  into  hot  glue  is  to  be  laid  over 
the  joinings  and  firmly  tied  on  with  a  string.  This,  together 
with  the  corks,  enables  the  apparatus  to  withstand  the  requiute 
pressure  without  allowing  the  gas  to  escape.  The  bent  tubes 
b  and  e  would  be  very  apt  to  break  should  the  apparatus  undergo 
any  ablation.  On  this  account  tliere  is  a  joint  in  each  at  m, 
made  by  having  two  tubes  instead  of  one,  the  two  extremittes 
of  which  are  brought  nearly  in  contact  and  tied  together  by 
means  of  a  slip  of  caoutchouc.  I  take  a  ribbon  of  caoutchouc 
and  dipping  it  into  caoutchouc  varnish,  make  the  sides  overii^ 
each  other,  and  then  tie  it  in  that  situation  and  allow  it  to  dry. 
It  will  now  form  a  caoutchouc  tube  through  which  the  muriatic 
acid  cannot  penetrate." 


*  TbcseCBOutchoucjointaare  exceedingly  convenient.  The  thinflataheeta 
of  caoutchouc  sold  in  London  answer  best.    These  joints  do  not  answer  ao 
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AlWr  tliu  nppnmtus  ia  properly  luted,  8til])huric  ndd  is  to  be 
pntirml  by  little  at  n  time  througli  the  (iibiiliir  mouth  into  the 
R-tort  A.*  This  iDiiy  be  either  done  by  simply 
Inlciit^  out  the  »t«^]>er  an<l  replacinj^  it  as 
quickly  u  poHKit)!*-  after  the  acid  has  been 
poured  in.  Or  wp  may  fix  tlic  bout  fimncl 
A  into  tlic  mouth  of  the  retort,  itinkin^  it  air 
ti^lit  by  paviing  it  tlirough  a  perforated  cork. 
AfU-r  the  aul|>hitric  acid  has  pa-ised  tlirough 
thi«  fiiiiuel,  a  portion  of  It  remains  at  the 
WiiiUiig  m,  wlildi  effectually  prevents  (lie 
muriatic  gsa  from  escaping  that  way.  'flic 
advantage  of  using  sacb  a  bcnl  funnel  is,  that 
we  may  add  sulpburic  acid  as  it  h  wanted, 
without  (leraugitig  lliu  a^i>arstU9  or  stopping 
the  pToccm, 

The  small  quantity  of  wntcr  at  tlic  bottom  of  jar  B  in  first 

tDTBted  with  the  gas ;  tlteu  it  passes  by  tJic  tube  A  into  th« 

C  and  is  absorbed  by  tlie  water  in  tliat  jar.     A^  tlio  tern- 

,ture  of  tlie  water  ii  much  nu-ieil  by  tliim  absorptiun,  tliore 

«n  advantage  in  stirroinuUng  the  jar  C  witli  cold  water,  or 
Dtill  l>etter  willi  a  mlvture  of  w^Bter  and  ice,  when  ice  can  be 
rorured.  In  prui>ortigu  la  tho  trater  uli^orW  the  g:u<,  its  bulk 
and  by  the  dme  tltat  it  b  satunitcd  wo  sluill  find  tlio 
jar  C  nearly  fille<l  with  li()uid  muriatic  acid.  If  wc  coiuiituc 
the  process  after  the  water  in  C  !■'  Mitutated,  the  gfut  will  [liws 
0ver  into  D,  and  saturate  the  n-at^-r  which  it  contains.     In  this 

y  we  may  saturate  the  water  in  as  many  Woolfe'slwttles  as 
tn>  pleaxe,  supposing  them  attached  to  each  otiier  in  the  way 
the  D  ia  to  C. 

When  tliP  water  in  C  ts  saturated  witJi  muriatic  acid  gnfl, 
ItH  colour  is  always  a  light  yellow.  If  we  continue  the  current 
«f  gas  after  the  water  is  saturated,  this  yellow  colour  gradually 
diminrshes  and  at  last  disappears,  or  rather  the  colour  ia  con- 
veyed to  the  jar  D,  tlie  water  in  whidi  in  its  turn  becomes 
lyellow.  In  this  way  wc  may  drive  llie  yellow  colour  from  one 
jar  U  another  as  far  as  wo  please.  The  coluuriiig  mutter, 
wimtever  it  may  be,  is  very  minute  in  qunntit)'.     If  we  add  to 

.'Wiril  when  MiiHianiaal  g»  'a  passcJ  ilirou^h  than.    Bwaute  noulchciuc 
■ounania,  and  U  renitcrod  >*A\  by  it,  so  thu  it  Mon  give*  wny, 
■  The  best  proporlionii  wc 

7-S  nit, 

9-2  gulfihuric  ncid, 
1  Viatel. 
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°^  •■  the  coloured  liquid  B  very  minute  particle  of  dn,  it  will  be  Sis- 
solved  and  the  colour  disappears.  I  suspect  that  the  colonrit^ 
matter  ia  bromine ;  but  I  have  no  other  proof  except  the  cer- 
tiunty  tiiat  bromine  exists  in  miimte  quantity  in  commou  salt, 
and  that  a  very  small  portion  of  bromine  is  capable  of  eommii^ 
nicating  a  simihir  colour  to  colourless  muriatic  acid. 

Muriatic  acid  thus  obtuned  has  a  strong  pungent  amell 
simihir  to  the  gas:  it  emits  a  white  smoke  when  exposed  to 
the  air,  which  becomes  much  more  con^icuous  if  a  little 
ammonia  be  phiced  in  the  neighbourhood  of  the  add. 

The  following  table  drawn  up  by  Mr.  Dalton  gives  us  the 
boiling  point  of  this  acid  at  various  densities. 


DtiUint  rolnl. 

Sn  gtMUj. 
M66 
M54 

BoUlnc  polDt 
170 

190 

, 

1-144 

212 

1136 

217 

1127 

222 

1121 

228 

1-094 

232 

1073 

228 

1-064 

225 

1-047 

222 

1-035 

219 

1-oia 

216 

1-009 

214 

Wc  SCO  from  this  table  that  the  boiling  point  is  a  '"«'"""'■ 
when  the  liquid  is  a  compound  of  1  atom  acid  and  16  atoni 
water;  or  when  the  liquid  contains  about  20^  per  cent,  of  BcMb 
The  boiling  point  of  acid  of  every  other  strength  is  lowen 
Acid  containing  about  30  per  cent,  of  real  acid  boils  at  the  same 
temperature  as  water.  If  the  acid  be  stronger  its  boiling  tem- 
perature  is  lower  than  that  of  water.  The  boiling  point  of  sod 
of  1-203  is  107». 
rompHiuon.  6.  It  has  been  demonstrated  that  muriatic  acid  gas  is  a  con^ 
pound  of  equal  volumes  of  hydrogen  and  chlorine  gases,  united 
together  without  any  alteration  in  bulk.*  Hence  its  atomie 
weight  is  4*625. 

7.  Mr.  Faraday  ascertained  that  muriatic  aci<l  gas  is  condensed 
into  a  colourless  liquid  by  a  pressure  of  40  atmospheres,  at  the 
temperature  of  50''.f 


■  SecTol.  i.  p.  inT- 
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JQy.  iletiry  aIiowihI  iliat  wlwn  cluctric  ftpartia  tav  ))a<»e<l 

imc  lUrouf^li  muriatic  iici<t  pa,  it  uitdurgoes  ]>aniiil 

tioii;  n  portion  of  chlorine  «ml  liydrogt-n-pwottWinp 

eroIrnJ.  *     But  tbifi  (leconi)>(MitioD  uiiinot  bo  carrici)  fur,  b<.T»use 

vbcft  iiyixogea  anil  elilorine  gases  are  accumulatvcl  in  nay 

^nandtj't  tlie  electric  !(|itirk  cauftea  them  to  combine  again. 

ft.  When  miimtic  at-iii  ga-*  and  oxj'gon  giw  «r«  mixed  ti^Uiw 
L3il  iKUMvi  tiiroii^h  a  rvd-liot  pum-Iuin  tubr,  or  when  electrical 
iliiicliiirgvfl  an)  transmitted  through  such  a  mixture,  water  '» 
famed  ud  cbloriuc  gas  dWogaged.     Dr.  Henry  found  that  tlic 
mat  dccompodition  was  produced  at  the  temperature  of  £50" 
■    vWe  Bueb  amixture  waa  in  contact  witJi  a  platinum  clay  hull.f 
H    10.   MHien  potassiom  b  heated  in  murinlic  gas  it  libenitcs 
HMMbird  of  ibi  volume  of  hydrogen.     Davy  found  tlint  whea 
^^Bb  or  tin  i«  ht-ated  tu  this  gas  tliey  are  converted  into  ehli>> 
riilrs,  while  a  quantity  of  hydrogen  gas  is  disengaged  equal  to 
I      «M-liidf  of  the  murbtic  ncid  gu.^  decomposed.:^     Clifircoitl  even 
when  igiiilH  t«  whiteness,  prodnce§  no  chan^  in  this  gaa  if 
it  be  {terfectly  dry.     Nor  is  it  prolxible  tliat  it  u-ould  be  decom- 
|ioaed  by  uotc,  pliotphoniii,  sulphur,  or  oelenium,  tliough  I  am 
aot  awam  lint  the  ex)»erimeut  has  been  tried.     It  is  decom- 
pMed  by  all  the  tnetaU  which  decompose  water,  namely,  iron, 
itDC.  dn,  and  antimony,  Rn<l  also  by  the  metallic  oxi<li;rK.     In 
tbe  last  ease  water  i»  formed  and  a  metallic  chloride.     When 
ibeae  oxtdet  con«M  of  tliosv  of  the  more  powerful  bases,  tlie 
dfeomposition  ia  accompanied  by  the  evolution  of  much  heat. 
Thus  if  pure  anhydrous  barytes  be  put  into  tliis  gas  it  becomei 
fiilwi'*''  of  barium  with  the  disengagemeni  of  light,  while  nuter 
ia  eotideiucd  on  the  inside  of  tlie  jiir  (^>ni<iiiuiig  the  gas. 
1 1.  It  is  at  present  »  nuhjeet  of  diH-iL««ion  among  cbemiatR 
bether  niuriatte  »ci<l  Ih'  cap«it>le  of  combining  with  bases,  and 
rming  mnriitU*,  or  whether  at  the  instant  of  comtiiuiitioii  a 
ubie  dceom position  doea  not  take  place ;  tlie  hydrogi-n  of  the 
urintic  acid  uniting  with  tlie  oxygen  of  the  Ixixe  and  forming 
Icf,  while  the  chhirine  combining  witti  the  otiier  constituent 
the  Ijhim!  produces  a  cAAwn/r.     In  manvcuiM-sof  combtiuilion 
le  phenomena  arc  sudi  lliat  either  explanation  may  be  applied ; 
bile  in  olliera  there  can  b«  no  hesitiition  in  adopting  tlie  hut 
xplnnatton  n»  the  t/ue  one.      Thus  if  we  di-MuIve  1.3-75  silver 
n  nitric  acid,  and  mix  the  tiencrul  Mtlntion  with  7-5  of  common 
t,  we  obtain  l8-'25  of  n  white  mutter,  which  must  be  chloride 
of  silver.     Tor  it  conuiins 
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rwf  muriiln 
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•  niU.  Tnii«.18l]{,p.  810. 
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CHLORINE  AQM. 
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SIvor 

i3-7a 

Chlorine 

4-6 

In  the  same  way  wlien  13  load  is  (lii<!tolv<>(l  in  nitric  ncid  an«l 
ini.TiMl  witli  tlie  rcquisittf  quantity  of  common  sill,  we  n)>t»ina 
wliih;  nutttcr  wcigliiiig  vxactly  17*5,  and  therefore  chk 
kad. 

If  we  d»«olvc  4'25  zinc  in  muriatic  add,  snd  cttipornt^  < 
tiouflly  to  dryness,  we  obtain  a  white  matter  weig;hiiig  9*875. 
If  we  heat  this  matter  to  incipient  ignition  in  a  glass  tube  it 
gives  out  l'125  «f  water,  and  there  rcimiim  8-75  of  chloride  of 
zinc.  Wc  may  therefore  consider  the  white  compound  cither 
as  a  compound  of 

1  atom  chloride  of  zinc         .         .         8*75 
1  atom  water      ....        1*125 


or  lu  a  compound  of 

]  atom  muriatic  acid 
I  atom  oxide  of  zinc 


9-67S 


4-6-2A 


9-875 

The  atomic  weights  and  the  elements  are  the  same  wliichererl 
of  the  two  ojiInioiH  vt-e  adopt.  The  only  difference  consists  in 
the  way  in  which  tliese  atom-tare  combined.  This  subject  will 
come  under  our  review  more  ]iarricularly  hereafter,  when  we 
give  an  acconnt  of  tlie  dillereiit  chhridea  or  muriate*  whidi 
possess  euUnc  properties.  , 

SECTION  II, — OF  OTRKH  CHLORINE  ACIM. 

I  bave  no  doubt  that  tlie  number  of  chlorine  acids  will  rery 
mudi  incrl^a.''e  it.*  soun  as  chemists  turn  their  attention  to  the 
subject  Hut  hitlnTtii  very  few  nttempu  have  been  made  to 
determine  whether  those  chlorides  which  contain  acidifiable 
ba»eH  be  capable  of  combining  with,  and  neutralizing  tboM 
chlorides  that  contain  alkalifiahk^  Iiumi's.  , 

1.  The  chlorides  of  suljihur  and  phosphorus  do  not  aecDl ' 
possessed  of  acid  propertin.  At  least  the  attempts  which  I 
made  to  earn  bine  them  directly  with  alkaline  chlorides  did  not 
succeed.  It  is  evident  from  many  chemical  phenomena  that 
the  chlorides  of  potassium  and  sodium  are  nlkuline  hod)i-«  cnpnble 
of  combining  with,  and  neutralising  various  vx'n\  clilorides,  asj 


HYOnOBROMIC  ACID. 

for  fXAinpIv  the  MoriAea  of  golA  and  platinum.  Hut  the  clilo- 
I'lde  of  sulphur  is  iii«apabi<!  of  <IUs«]vi»)r  tiiette  IkhH&s  ovon  wbvii 
■nsted  by  heat.  Neither  did  tlu-y  dissolve  oik-  or  two  mctjdlic 
dttorides  which  I  rxpusnl  to  thpir  iiclion.  But  no  sulpliurvt 
<raa  formed  when  the  cidoride  of  sulphur  was  digested  over 
MOW  uetallic  cliloride^,  wliosc  h««i.'«  have  a  very  strong;  affinity 
braulphur. 

3.  Bonsdorf  has  shown  that  corrMirt  Mufilimate*  possesses 
lad  properties,  and  Js  capable  of  conibinin<^  and  fanning  snltft 
with  a  great  variety  of  aUmline  chlorides.  Thb  indee<l  hiw 
hecn  long  known,  thoitgli  Ilonsdorf  U  the  first  who  hai*  explaincil 
the  nalurn  of  these  comliiiuitioiis  in  a  salis&ctory  niaTincr.  I 
thall  descri[»e  the  new  ^18  which  he  formed  in  a  suh^uent 
part  of  tJits  wurti,  when  1  comu  to  describe  the  chlorine  acid 

^M  3.  Tliere  can  be  little  doubt  that  the  chlorides  of  gold,  pta- 
^Homii  pftlladiuui,  rhodium,  iridium,  and  osmium  poMi-sM  ncid 
Vpnpertim,f  aiuliliiit  tin- niIu  whiih  have  W-vu  di^itiugnishedby 
(lie  Dwne  of  double  dilorides  of  gold  and  sodium  or  potassium, 
«f  platinum  and  sodium,  or  potassium  and  m\  ammoniac,  &c.  are 
in  reality  kUia  form«?d  by  the  union  of  a  chlorine  acid  with  a 
dilurinc  base.  Tliese  salts,  whieh  amount  to  a  consideTuble 
Binnber,  will  he  deseriWd  in  a  subsequent  part  of  this  work, 
Wtaog  the  clilurine  arid  Sidi«. 

4.  I  have  not  luid  time  to  make  any  trials  with  the  chlorides 
•f  oneitie  and  anlimony;  hut  ishould  not  he  Mir))rised  to  find 
then  capnhle  of  combining  and  forming  salts  with  the  alkaline 
chlorides.     The  aubjeet  at  any  rate  requires  to  be  investigated. 


CLASS  II L 


^B  UltOMINE  ACII>S. 

^B  RrQRiine  has  been  known  for  so  short  a  time,  and  is  still  so 
^■Caroe  and  so  deaTi  that  we  need  not  be  surprised  tlmt  this  class 
^bactda  is  still  almost  unknown.  In  fact  there  is  only  one  acid 
^^pkin{(ing  to  tliiii  class  which  lias  been  hitherto  examined.  It 
will  constitutv  the  subject  of  the  following  Hvction. 

ISECTIOK  l.^^V  HYDROBROSIIC  ACID. 
TUft  acid  was  discovrretl  by  M.  Balanl,  and  to  him  we  are 
•  Ana.  ik  CHiim.  et  ik  Pbj-3.  xuiv.  148;  xliv.  1B9,  S44^       . 
f  See  Benadof  roferred  lo  abait. 


IODINE  ACIDS. 

ii)d«l)t>Nl  for  fvpry  tliinft  rrspwtinp  it  ycl  known.  1  have 
given  a  Rhort  account  of  its  properties  in  tlio  Rzst  roliime  of 
thifl  work  (p.  109),  and  I  lutve  nothing  fiirther  to  add  to  ttiat 
(IcMriptioi). 

It  h  n  compound  of  one  volume  of  brotnine  vnpotir,  nn<l  onff 
rolumo  of  hydni^n  ffi»  iinilMt  ingfihcr  without  iiny  altrniiioit 
in  the  bulk.  IIviicc  \bs  ntoniic-  wcij^ht  U  Iti'l'ia,  and  i' 
itpedlic  gravity  in  the  gaseous  state  miwt  be  3'B123.  'Din, 
add  comhiiH'-t  M-ilh  bnsps,  and  forms  a  genus  of  salts  which 
havp  been  diNtiugutiihe<l  by  tJie  name  of  /it/tlrohmmaUs.  It  has 
not  been  yet  dctermitiett  whether  tlieiw  italtn  nrc  really  h}/dr^ 
hromaffK  or  only  bromidrs,  or  compounds  of  bromine  wilh  the 
metallic  liasrH  of  the  alkalies.  Tlie  difhctilty  is  of  tlio  mine 
nature  as  occurs  witli  regard  to  the  salts  formed  by  means 
muriatic  acid. 


CLA88  IV. 

IODINE  AC1I)& 


I 


The  analogy  betiveen  oxygen,  chlorine,  bromine,  and  iodine^ 
is  HO  great  that  we  can  Kcareely  hcsiutte  to  admit  that  iodinct 
like  the  other  three  Mupporteri',  has  tlic  property  of  formiog 
acids  when  it  combines  with  various  of  the  aci<liliubk-  Imiti 
But  except  hydriodic  acid,  the  properties  of  which  have  beeB-i 
described  in  the  first  volume  of  tliis  work  (p.  1 10),  hardly  anf 
of  tlie  iodine  acids  have  been  bitlie.rlo  inveiitigaled.    M.  Ilonft* 
dorf  lias  shown  that  die  {lerioditlc  of  mereiiry  poo^esav*  the 
chanictcm  of  an  acid,  and  is  capable  of  combining  with  aiid  _ 
Batumting  several  ofthoidkaline  iodides,  as  iodide  of  potassiumifl 
of  sodium,  of  /inc,  of  iron.*      Similar  combination<i  Kive  been 
made  l>y  M.  BotiUay.     There  can  be  no  doubt  llial  the  num- 
ber fif  iodine  acids  will  increase  rapidly,  now  tliat  the  attention 
of  obcmiKts  is  turned  to  tin-  Mubject.     It  is  known  olrewly  that 
the  iodide  of  arsenic  possesses  acid  properties,  and  tliis  will 
probably  ho  tlie  case  with  the  periodide  of  anttmony.     W' 
would  expect  »l*o  tlie  iodides  of  the  family  of  noble  metals 
he  acidtt,  as  this  is  the  cjise  with  their  chlorideti.     It  were  to 
wished,  therefore,  tliat  some  chemist  would  set  about  the  invr^ 
ligation  of  tlieir  properttOB,  and  of  the  salts  which  they  may 
capable  of  forming. 


*  Ann.  ie  Cliiin.  oi  <l«  Vhyt.  xliv.  d60i 
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CLASS  V, 
FLUOKINK  ACIDS. 

I  bave  given  in  die  first  volume  of  this  work  (yage  89), 
tkc  reasons  whidi  huvr  induced  ehemists  to  believe  tliiit_/?woric 
add  u  *  cuinpuuiid  of  fitoyriw  aiid  hydroijm ;  duU  fluorine  ia 
U  eloctru-Dcgutivc  ^ubsiance  similar  in  iw  propertiea  to  oxygen, 
cUoriiiL-,  bromine,  and  iodiiid,  uid  vupabb?  like  thvra  of  coin- 
Uait^  with  ttie  rivioiw  ai:i<liliublo  hiUH.-ti,  luid  of  convertiii); 
Iban  into  oaA*.  As  Jtitorine  biu  not  yvt  bii-ij  ubtaiiteil  in  n 
I^NUate  statu,  tliis  o)hiuod  cannot  be  cotisldcrcd  sat  dcinoii- 
Mnied,  yet  tbe  opinion  is  so  plauNble  and  so  strongly  sup- 
porled  by  anaiogy  thai  it  baa  been  very  {generally  adopted. 

We  are  at  present  ucquaino.'d  witii  eight  ndcU,  wbieli  are 
cotuidered  as  combinutions  of  fluorine  and  an  acidifiable  basis. 
Ilicce  ar^ 


OmiV. 

bmlii. 


1.  Hydrofluoric  acid, 

2.  Fluoboric, 

3.  Pluosilicic, 

4.  Fluomolybdic^ 


5.  Fluotungsdc  add, 

6.  Fluodiromic, 

7.  Fluooolumbic, 

8.  Fluotitanic 


I  ennhinaUon  of  fluorine  with  tlie  uine  rvinuining  acidiliable 
Ihw  yet  bc«n  diswrered.     'I'iicM  I'igbt  acida  will   be 
ribcd  in  the  following  svctious. 

dSCTlON  t. 1»-  IIVUKOFLUOUIC  ACID. 

Tliiit  'is  till-  imd  wliicii  Iia«  been  <I(,^»).Tit>ed  in  Uie  fir»t  volume 
of  tlii4  work  (p.  67),  under  tlie  name  oiJtwrU  acid.  I  bave 
■Ircody  given  an  aocoont  of  tiie  process  by  which  it  may  be 
icured  in  a  state  of  purity,  and  detailed  \\a  properties  so  iat 
ihoy  have  been  detennined.  Nothing  farther  reuiiiius  but 
'  give  an  account  of  tlie  salL'«  wliicli  it  torms,  and  wbich  have 
I'vn  cxjunined  in  detail  by  Gay-I-iw'w;  aiul  'I'Lenanl,  aiul  by 
rncliui^  I'bey  will  occupy  our  ultciitiun  in  n  aub»e<j,uent 
.  of  this  volume. 


SKCTIOK  II.— 4F  FLi;oBOIUC  AU1>. 

This  dH<)  was  discovered  in  1808  i>y  Giiy-Lunae  and  Tlie-  BMan. 
■ard.*    Its  properties  and  preparatiou  hare  been  already  givcu 
VuL  I.  p.  218,  of  this  work.     It  has  not  yet  been  aiuilyzcd, 


*  KocbeKha  Ptajtico-cluouquOi  il  3T- 


1»8 


ClU|lL   t 


FLUOHIKF.  ACIDS. 

but  I  AID  (Ibtpmed,  for  the  reasons  asdgned  (Vol.  I.  p.  3211),  loJ 
coiiHitlcr  It  lut  u  cumpound  of 

1  atom  fiuorine  .        .         2-25 

2  atoms  buron  .         .         2 


and  to  consider  it«  atomic  woight  m  4-25. 

Bcrzcliits  says  that  wlioii  fltiuborio  urtd  gas  u  absorbed  by 
water,  a  considerable  quantity  of  bonietc  acid  is  deposited.  If 
tlie  liquid  acid  be  cooled  or  very  slowly  evaporated,  an  additional 
quantity  of  horacic  acid  separates ;  but  if  it  bt-  concciilnit4'<l  M 
sn  clcviited  tempcmtiin*,  it  volutiiizcti  witliout  leaving  any 
residue.*  It  would  appear  from  ibis  that  tlic  hydrofluoric  acid 
formed  at  finit  by  the  decomposition  of  wntoristigain  destroyed, 
and  the  original  fluoboric  acid  constituted  anew  by  the  aclioa 
of  heat.  If  tliese  decompoutions  be  accurately  stated  by  Her- 
zelius,  tliey  seem  to  me  to  demonstrate  lliat  the  composition  of 
fluoboric  acid  can  be  notliing  else  than 

1  utom  fluorine  .         .        S'26 

1  atom  boroD  .         .         1 


3-25 
In  order  to  reconcile  this  composition  witli  the  atomic  weight 

4-85,  can  we  admit  tlie  presence  of  an  atom  of  oxygen  in 

fluoboric  acid  ? 

llic  JiiKiboratcj  which  Iiave  been  examined  by  Bcrzclius, 

will  be  described  in  a  siilwequent  part  of  lliis  volume. 


SECTION  111. OF  fLtlOSILICIC  ACID. 

nMtn.  Tilts  acid  wan  first  obtained  in  the  gaseous  state  by  Prto^tlcy, 

but  it  wiis  not  properly  dinliiigulshed  from  hydrofluoric  acid 
before  the  publication  of  the  experiments  of  Gay-Lusoc  and 
Thciiard.  I  have  described  tlic  method  of  procuring  it  in  the 
first  volume  of  tliis  work  (page  229). 

tnftnim.  It  is  a  transparent  colourless  gas,  havinga  »mcll  very  similar 
to  that  of  muriatic  arid,  and  forming  a  white  smoke  when 
mixed  with  common  air.  It  ii«  not  altered  by  exposure  to  a  red 
hCBt.  I  found  its  specific  gnivity  3-6.  ^Vhen  potassium  i» 
beatei)  in  it  combuHtion  takes  place,  and  a  chocolate-coloured 
subsltutee  is  formed  which  difTers  in  its  nature  according  to  (he 
proportion  of  potassium  employed.     Fluoride  of  potassium  is 

•  Kong],  Vcteas.  Acad.  Hsodl.  I8S4,  p.  »». 


:  fnmtAt  and  n  <|UBntit)'  of  silicon  discnga^d,  which  is     cimv. 


commonly  united  to  potassium.  Fluo«ilicic  add  giu  conibinn 
wilh  twice  its  volume  of  ammoiiiacal  gas,  anti  funmt  n  volatile' 
mIL      i'lm  salt  is  t^>viouslY  composed  of 

Fluosilieic  acid  .         .         6*5 

Aumoaia         .         .        .         3- 125 


CBdltL 


e-625 

If  we  consider  it  as  iicutml  (it  is  the  only  luUiitp  compouiMl  of 
ikU  acid  yet  formed),  it  ia  otivious  that  the  atomic  weight  of 
SMulieie  add  U  6-6. 

Now  if  the  rntiu  of  its  coiistituenls  be  as  I  hare  stiown  (Vol.  I.  cii^««mM. 
p.  3*29),  1  atom  fluorine  and  1  atom  silicon,  it  follows  cither 
that  this  add  is  a  con^und  of 

3  atoms  fluorine  .        ,        4*5 

^B  2  atoms  ulicoii  .  2 

^H^  6-5 

Vcrdtat  the  aromoniiieal  tsdt  w  n  bifluosilicate  of  ammonia.  The 

'  fint  of  the^e  o])itiionH  is  by  fur  the  most  probable. 

When  fluosilieic  acid  gaa  comes  in  contact  with  water,  it 
tkpOBites  a  quantity  of  silica  in  a  gelatinous  state,  and  by  thut 
deposition  a  quantity  of  hydrofiiiuric  ueid  i»  formed.  The 
■tlicon  decomposes  water,  and  uniting  witli  its  o:fygcn  is  co»- 
rerted  iul«i  Kilira,  while  the  Ruoriue  uniting  to  the  liydrogon 
of  the  water  become:!  hydrofluoric  acid.  The  liquid,  supposing 
it  freed  from  the  depositMl  siUca,  Ls,  acconling  to  the  experi- 
ments of  BcrYcliius  a  compound  of 

1  atom  liydrofluuric  acid  ,         .         2-375 

2  atoms  fluuulicic  acid  .        .         6*5 

6-87S 
H  Uwl  it  constitutes  a  compoimd  acid  whose  atomic  weight  is  itr'i<«ii<u>- 
^8TA.  'lliia  new  acid  may  be  distinguished  by  tlic  name  of 
klfdn^hosUieic  acid.  It  combines  willi  the  ditferent  bases,  and 
loniH  a  gvnuH  of  Milts  wbicb  miiy  be  denominated  hydrofluo- 
aUicatf,  and  which  have  t>eeii  examined  by  l)er/clius.  They 
will  come  uiuler  our  rct-iow  in  a  subsequcnl  part  of  tlits  volume. 
Tlie  method  of  forming  this  compound  acid  in  a  liquid  state 
is  to  causeacurrent  of  fluosilieic  acid  gas  to  pass  tlirongh  u  bent 
ghaa  tube,  tho  extremity  of  which  comes  very  near,  but  does  not 
actaally  touch  the  Kurfiic^-  of  the  wnter,  to  he  iinpregiuktcil  with 
the  acid,  taking  care  to  aj^iUitc  the  water  duruig  the  whole  pro- 
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f  c^i^  >■     CC88,  ih  onlcr  to  break  thti  crust  of  silica  n  hidi  sjieodily  fonna 

"^  on  its  surface.     Or  wc  may  put  about  an  inch  of  raercur)*  into    ■ 
the  bottom  of  a  glass  jar,  aiid  after  having;  plunged  the  hoik  of   * 
the  glass  tube  which  conveys  the  gas  under  tl)c  surface  of  tl)c 
mercury,  we  may  pour  over  it  tlie  water  to  be  impregnated.   M 
Evcit  ill  tliU  ctie  the  water  mtiftt  he  occasionally  8tJrrv<l,  otlier^  ' 
wise  u  tube  of  ftilica  would  bo  formed,  through  which  tlie  gat 
would  csciipo  iinaltcn-d.     Were  we  to  pluiigc  the  emt  of  the 
tube  in  the  water  it  woulil  be  spectlily  choked  up  by  the  silica 
de|io!(ited  in  it,  and  tlic  process  would  be  stopped.     When  w« 
have  sufficiently  impregnated  tlie  water  with  the  acid  we  mint 
tlirow  the  whole  upon  a  clotli)  and  after  the  liquid  has  passed 
through  wo  may  sqiievzc  tlie  gelntinom*  silica  tn  remove  a!*  mueli 
of  the  liquid  as  possible,  but  we  nui»t  not  wiuh  it,  because  the 
silica  in  tliat  state  is  sulublo  in  water. 

I'he  liquid  acid  thus  prepared  has  an  acid  taste.  If  wc  drop 
into  it  any  salt  having  potash,  soda,  or  liifaia  for  aKise,  agela- 
tinous  precipitate  falls,  so  transparent  and  colourle!i.4,  as  to  be 
at  first  tnvUible.  Salts  witli  base  of  biirytes,  on  the  conlrar}', 
throw  down  a  white  and  crystalline  precipitate.  If  we  add  just 
the  quantity  of  any  base  whicli  Mittirateit  the  comjioiind  add  I 
(its  atomic  weight  being  H-875)  wc  form  liydrolluosilicatm. 
liut  if  we  hdd  a  greater  qmuitity  of  base  than  is  requisite  fof 
this  purpose,  silica  is  thrown  down,  and  a  simple  hydrulltiate 
formed.  On  this  ucconnt  Her/elius  cmisider*  tlie  acid  as  a 
nmple  mixture  of  hydrofluoric  and  fliio^kilieieacids.  Hut  I  tliiak 
it  moro  natural  to  view  it  as  iinalogoitrs  to  hydrosulpliuric  add,  ■ 
stilj>hovinic  acid,  and  sulphonaphthalic  acid,  in  which  tJie 
atomic  weights  of  the  acids,  in  consequence  of  their  slate  of 
comhiniition,  is  reduced  to  one-half.  I  liave  no  doubt  that  tlie 
number  of  these  coni[>ound  acidi*  will  considerably  increase 
hereafter. 


SECTIOK  IV. — OF  FLDOMOLVBDIC  ACID, 

autei,.  Tbia  acid  was  first  exumine<l  by  lierseliiu.*     It  is  obtained 

by  dissolving  molybdic  acid  in  fluoric  ucid.  'Hiis  solution  is 
miule  with  great  taeility.  It  has  an  actd,  metatlic,  and  disa- 
greeable tuste.  When  evaporated  it  dries  into  a  yellow  syTupy 
mass,  which  shows  no  tendency  to  crj-stallize.  M'heii  hcnt«'d, 
its  colour  becomes  bluish.  If  we  dry  it  wc  can  no  longer  di*- 
S4>lve  it  comjiletely  in  water.  Vet  it  continues  a  compound  of 
fluoric  tuid  molybdic  acids. 

•  Kont;.  Vclent.  AcmI.  lUndL  Itai^  p.  UHb. 


I 
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Ik  double  odd  eumltiiie«  with  tlic  1ai»0H,  itiid  forms  nMt  of    Om  v. 

^JuL-li  amy  be  callod  fluDmoIybdutcs,     Only  one  of  ihcse '_ 

^M  been  vxamiiio<I  hy  Ikrzpliiu),  namely,  the  Suomolyb- 
n  pttMtlk.  To  oltiaiD  it  we  Iiave  only  to  mix  a  nolutton  (^vituiux.. 
klf  bdatc  of  potuh  with  fluoric  ackl,  uid  ev^>omte  tti« 
Ire.  Ciyalalii  of  fluunioIyfxUU'  of  potash  fitll  in  »inall 
h  The  amlymg  of  ihu  Nilt  is  alt>?nde<l  with  conwlerable 
llty.  Ilenclitis  bonvrcr  subjecl^i  it  to  aoalywH  but  his 
^tion  of  the  method  which  he  employed  m  not  %'efy  intel- 
t.  He  Bccms  to  lisivo  di.tsnlvc^i  rh<^  suit  in  water,  nn<l  to 
thrown  down  the  fluoric  luid  mtilylMlic  ncid>t  by  means  of 
te  of  lead.  Krom  the  re«idusl  liquid  tlic  lend  was  thrown 
i  by  carbonate  of  ammonia,  und  muriiitie  acid  being  added 
he  whole  evaporated  to  (iryncs§  ntid  heated,  the  potnsh  was 
InmI  in  the  state  of  chloride  of  potassium.  'I'lie  predpi- 
bonsiMing  of  molybdate  and  Huate  of  lead,  was  (Itfrcsted  iti 
■ttlphnret  of  ammonia,  by  which  tlie  mulybdenum  was 
red  in  the  state  of  mlphuret.  It  was  vva|>orated,  and  by 
Ifttioii  eooverted  into  molybdic  acid  and  weighed.  Ilie 
^  was  determined  by  hvating  it  alonj^  witli  oxide  of  lead, 
boertaining  tlie  loss  of  weight.  The  fluoric  aeid  seems 
hr  to  have  Iteen  infernal  from  the  weight  wanting  to  make 
t  eonstiluenta  to  the  origiiuU  weight  of  tJie  salt  subjected 
{klyafa.  The  following  tabic  exbibito  the  re«uU  of  the 
fin  of  the  salt  thus  managed: 
^^         Potash  31-63 

^fe  Molybdic  acid  .  45-^ 

^^  Fluoric  acid  i6'57 

Wattfr     .         .         .  6-(M) 


100-00 

the  atomic  wei|i;ht  of  potasli  i«  6,  of  molybdic  acid  9, 
f  fluoric  acid  2*375.  Hence  tli«sc  numbers  are  propor- 
r(e 

1-033  atom  potash, 

I         atom  mnlyMic  add, 

1-866  atom  fluoric  add, 

1*089  atom  water. 
|it  the  fluoric  acid,  which  amounts  to  1^  atom,  it  is  obn- 
ut  each  of  the  other  constitueiiiii  constitute  only  1  atom. 
if  we  attend  to  tltc  way  in  which  the  fluoric  add  \rm 
Med,  wv  mudt  »ei-  at  once  timt  tliere  U  a  certainty  lliat  it 
irtiUed.     I'or  all  tke  low  which  niuM  tuid<Miljti-<Ily  liavc 
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Oi*t.t.  \jeen  susbtincd  U  coii^Idcrred  as  6uoric  acid,  flad  the  losa 
iimouiitcd  to  2  per  oenU  (which  is  not  an  excessive  allowance) 
llie  quantity  of  Suoric  acid  would  be  reduced  to  1-19  atom,  or 
less  tliaii  1 }  atom.  1  f  to  lliis  wu  lulil  ih»t  molylxlic  uciil  U-ing 
volatile,  there  niut »  constdt-rublc  diitnce  of  some  of  it  being  lost  S 
diiriufr  llic  iiiiuly.siK,  which  would  tiiTect  the  proportion  of  all  the  ™ 
other  coii8titiiciiti>i,  wc  can  scnrccly  doubt  that  tlif  true  quantity 
of  fluoric  acid  in  the  salt  is  1  atom. 

There  is  reasou  then  to  conclude  that  fluomolybdic  add  ts 
■  compound  of 

1  atom  fluoric  acid    .         .         S'376 

1  atom  molybdic  add         .         9 


11-375 

Its  atoniK  weig;htis  1 1-375.  So  that  by  tlie  union  of  these 
acids  their  capacity  of  sat  uration  i»reduccd  lo  oite-half.  It 
would  appear  from  tliis,  that  fluoric  acid  resembles  sulphuric 
udd  in  this  curiouH  property.  Fluouioljbdale  of  potash  is 
(ibviousty  a  coin]>ouii<l  of 

1  atom  fluomoiybdic  acid  11-375 

1  atom  potash         .         .  6 

1  atom  water  .         .  1-1-25 


18-5 


URCTIOK  V. — OF  FLt;OTUNllSTIC  ACID, 

WaMij,  Thin  iicid  was  also  firitl  examined  by  Bcrceliui^*     tt 

8cmbU's  the  Inst,  but  the  coiiHtitucnts  seem  to  be  more  feebly 
united.     Hiere  can  be  little  doubt  that  it  is  a  compound  of  I 
atom  fluoric  acid  and  1  atom  tungstic  acid  united  together,  lutd 
capable  of  saturating  no  more  of  a  base  llian  either  of  the  cuu-  ^ 
Btituents  would  do  if  it  were  separate.     (>r  by  their  union  tbe  H 
capacity  of  sal  uration  of  the  two  acidn  is  rc<luced  to  one-liaif  of  ~ 
what  it  was  when  thoy  acted  «cpuratcty.     The  atomic  we^ht 
of  the  fluotuDgstie  acid  i»  obtained  by  adding  that  of  itii  two 
constituentii  together : 

1  atom  tungslic  acid        .  .  15-5 

1  atom  fluoric  acid  ,         .  2-375 


17-873 

It  is  therefore  17-675. 

•  Koag.  VcUos.  Acad.  ILuidl.  1824,  p.  310. 


FLDOTUffOSTtC  AOIl, 

^%n»en  fluoric  acid  is  pourc4l  upon  tiingNtic  acul  we  obtain  a 
jtIJow  milky  liquid,  which  is  eoliible  in  a  ^re»t  (|uaiitity  uf 
wster.  Calcinml  lungntic  ai-ld  U  vory  little  itoInliU^  in  fltionc 
acid.  If  we  cniporuu.-  tlu*  sutiiliou  )iy  ugerillo  hi-atwe  obtain 
a  ycllotr  syrnpy  muss,  whidi  litully  cracks,  gives  out  fluoric 
wM,  nnd  assumes  a  ^ccnisli  colour.  If  we  pourwateroii  tliis 
mtter  we  obtain  a  milky  liquor,  and  we  obtain  an  add  Holntiou, 
Wt  tii«>  gmiteHt  |mrt  of  tlie  tuiigslic  ad<l  refuses  to  dissolve. 
Vet  it  rotuins  fluoric  add,  wintU  it  does  not  give  out  uitleas  it 
be  strongly  calcined  in  an  atmosphere  of  unimouia.  No  lung- 
■tk  acid  escapes  with  the  fluoric. 

'riiis  eompouud  acid  combines  witli  differant  bases,  and  forms 
Hits  wliieli  Uavel>een  ailed  ^uotunffstalfs,  'ITic  only  salts  of 
lUs  cbiM  hitherto  examined  arc  fluotungstutc  of  ammonia  and 
flnotungsuitc  of  [>ota»li,  both  of  which  crystallize^  scales 
ttmilar  in  uppesnnce  to  boraeic  acid.  I-'luotirngstale  of  pot- 
■■k  k  csfily  formed  by  dissolving  tungstutc  of  potasi)  in  fluoric 
leid  and  cva|ioiaung  ibe  solution.  It  is  very  little  soluble  in 
cold  wiitor.  Boiling  water  dissolves  it  better,  but  on  cooling 
it  is  mostly  depoMtetl  a^n  in  crystalline  scales.  Its  taste  is 
Iritter  iuid  slightly  mel.-tllic.  It  is  not  altered  by  exposure  to 
l&e  air,  nor  by  digesting  it  in  water.  According  to  the  ana- 
lysis of  Uerzelius,  its  constituents  are 
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Potash 

24-24 

Tungstic  acid    . 

69-57 

I-luoric  add      . 

UM 

Water      . 

4-80 

^ 


lOO-DO 

I  fliHtrie  acid  was  estimated  from  the  loss  sustained  duiing  cmiiaiuan. 
laUlJyab.     'Iliat  loss  was  coiuidcred  as  fluoiic  iitid.    'I'heM 
sbcrs  arc  cquinJeut  to 

1*05  atom  potasli, 
1       atom  tungstic  avid, 
0-87  atom  flotnic  add, 
1*09  atom  n-ater. 

sible  tlukt  a  little  of  tlie  fluoric  odd  may  have  made  its 
with  the  water,  an<l  it  is  not  unlikely  that  tlie  tungstic 
wM  may  have  retained  a  little  potnslt.  This  unalyius,  however, 
leaives  little  doubt  that  the  Hue  constitution  of  the  suit  is 


r 
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"■^'  I  Hlom  Hiiotiingstic  ucid  17'a76 

I  iitom  |)obuih         .         .  6 

I  uUim  water  .         .  I '125 


eo  tliut  tliis  mlt  rCBctnbles  in  its  composition  fliiomolybdate  of 
potusli,  and  fluDtungntic  add  is  exactly  similar  in  its  nature  to 
fluomolylwUc  acid. 

aECTIOM  VI. — OF  FLlIOCH«OMIC  ACID. 

iitiiorr.  TIlia  compound  was  discuvcred  by  M.  Unverdorben,  and 

d«ficnbe<i  hy  iiim  in  lln*  year  1826." 

W'tifii  iM]uid  weights  of  fluor  spar  mid  cJiruniate  of  lead  are 
tritnrfit(.'d  together  and  put  into  a  leaden  retort  with  three  time* 
their  weight  of  smoking  liulphuric  acid,|  and  then  gently 
heated,  a  ^m  k  gcner.itedi  wliicli  may  he  collected  in  a  platt* 
num  rwnel  over  mercury.  This  gtis  k  tnuivparent,  and  liM  a 
light  red  colour.  It  caiiuol  be  collected  in  glasit  vcjoeLt,  becaPK 
it  li  iiiMlaiitly  decomposed  by  the  glass,  lluu&ilicic  acid  bctn^ 
formed,  and  chromic  acid  deposited.  When  auunoniacal  giu 
comeii  in  contact  with  it  combtutiou  enaue't,  and  the  two  gasea 
exphxlc  when  nuxed  in  any  considerable  (juimtity.  It  u  very 
heavy,  much  more  so  than  fluoisilicic  gas,  tliougli  from  its  pecu- 
liar properties  it  has  been  hitherto  impossible  to  determine  ito 
specific  gravity  with  accuracy. 

It  ifi  not  condenneil  into  a  liquid  when  exposed  to  the  tem- 
perature of  32°.  Water  abftorbii  it,  and  conTerta  it  into  fluoric 
and  cliromic  acidx.  Ilisby  means  of  tliii<  gas  tliat  pure  cliromic 
Bcid  is  obtained :  lite  proce<u(  has  been  de»cribe<l  iji  the  firet 
volume  of  this  work  (ptigc  3;J5). 

Unverdorben  analysed  tins  gas  by  dissolving  it  iu  wstrr  and 

getting  rid  of  the  fliioric  ncid  by  the  luUlitioii  of  silica.     The 

chromic  acid  which  remained  he  converted  into  protoxi<le  uf 

coBiioMUgD.  chromium.     He  lias  only  given  us  the  result  of  iliU  aiialyius, 

which,  he  suys,  indicates  the  gas  to  be  a  compoiuid  of 

Fluoric  acid      .        .        38- 13 
Chromic  add     .     •   .         61-87 


100-00 


•  Poggcndorf'n  Atinslpn.  vii.  319. 

I  Conuiioti  concentrated  sulphuric  odd  will  aotwcr  ibc  purpoae. 
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Chromium 


66-6 

33-4 


th 
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low  the  wcisfht  of  Uic  gas  anaXytod  wm  dctiMTOined  dwfl  not 
;  pmbably  by  ihe  increase  of  weiiflit  in  tliP  wnhrr  when  it 
WHS  improgiiat«d  hy  tlii*  gn».  TIk-m;  titiinboK  arc  proportiotuil  to 
1'18  atom  fluoric  acid, 
I       atom  cbroRiic  uciil. 
bly,  tlicrefore,  it  coDHtittM  of  rii  ntom  of  cacli  add  iinitml 
thcr,  or  of  an  atom  of  fluorinr  united  to  an  atom  of  cbro- 
mhitn.  Tbr  vrcond  of  tl)«c  suppoMtions  from  tbc  constitution  of 
cUoric  acid  U  not  «n  probiable  as  tlie  former.    For  unless  we  sup- 
ihe  gas  a  compound  of  '2^  atoms  fluorine  and   1  atom 
ium,  it  v  impo»Jbl«  tiutt  it  could  bo  ooiiverti^d  hy  the 
ipoflidofl  of  water  into  clirumic  acid  and  fluoric  acid.     Httt 
analysis  <>fU'i^0'<'oi'l^^''i'*'iU  not  accord  nHth  hucIi  a  suppo- 
Tbe  probability  tlicn  li  lliat  tlii*  gas  is  a  fluocbromic 
and  a  componnd  of 

I  atom  fluoric  acid  ,         .        S'STS 

I  atom  cliromicncid  ■         ■         4!'5 


fre75 


fo  Mtompt  )iiL<«  tx^on  made  to  aMccrtain  wbctber  it  be  capable 
foonUning  n-iili  bas<^,  luid  if  eo  nrbut  its  atomic  weight  is. 

HECTION  VII.  —  or  FLrOCOLUMMIC  ACID. 

Tliift  acid  wa4  first  formed  and  examin«d  by  I3«nM>liuH,  during  uuinr. 
rcM>arcbea  on  fluoric  acid.* 

Wlifn  fluoric  acid  Is  poured  upon  columbic  acid  wbicii  bad 
previously  lii.-«tiN)  to  rednivut,  tin*  Cirliimbic  acid  falls  to 
Jcr,  but  tlic  fluoric  acid  dissolveit  notliing.  Yet  tbc  colum- 
acid  baa  combined  witli  a  quantity  of  Suoric  acid,  wbicli 
be  aftcTwanU  driven  off  by  calcination.  Columbic  acid 
by  fusion  witb  bi8nl]>bMte  of  [iota»)i.  and  then  dii^cst- 
tli«  saline  moss  in  water,  illv^olvvit  rcndily  in  fluoric  add, 
.  fbmw  a  limpid  and  colourless  solution.  VMicn  tbis  solu- 
tiwi  ia  left  to  spontaneoui  e\'aponition  it  becomes  concentrated 
to  a  certain  point,  at  wliich  it  ^Io^ki.  If  it  be  now  kept  in  a 
beat  not  exceeding  8C,  it  becomes  sdlt  more  concentrated, 

I  and  de|H»ibcs  cryslaLt.     By  continuing  tbc  evajwration   tlie 
•  Koi%l.  Vmcdc.  Acid.  llHnill.  ifH,  p.  t»i. 
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ch«k  t.  wlioU  is  converted  into  a  wliite  cuamel-looking  mass.  Tli« 
crystaU  are  compleUtly  soluble  in  wiiter.  Wlii-ii  cxijos^'il  to  * 
ilry  utmoHplierv  tlicy  i-fflorcsce.  This  compoiiiKl  uv'td  combiiiei 
with  bases,  and  forms  a  class  of  salw  wliieli  have  been  called 
JfuocolmnbatcHf  several  of  whicli  liave  been  ilescribed  by  Berxe- 
lius ;  and  one  of  wluch,  the  fluocolumbate  of  potasb,  lie  sub- 
jectetl  to  a  careful  anslysU. 

'I'bis  salt  w.'w  furmed  by  saturatiiijj;  ibc  bot  flnocoluinlnc  acid 
with  potush  till  a  precipitate  began  to  fall.  On  cooling,  tiie 
salt  was  depouted  in  tteidvs,  tmnH'what  similar  to  boracic  iKiil. 
'I'liese  eryttaU  dissolve  completely  in  water,  ttiougli  witli  some 
difficulty.  The  suit  dissolves  best  in  hot  water,  but  boiling 
water  dccomposea  it.  It  may  be  obtained  abo  by  mixing 
bifluate  of  potash  witlt  eolumbie  acid  and  water,  and  beating 
the  mucture.  Berzelius  is  of  opinion  tliat  there  are  two  pro- 
portions in  which  tliis  componnd  acid  combines  with  potash, 
but  tlili  conclusion  dc])einU  u])on  ibcoretical  ricw«  that  aro 
liatde,  to  say  tlie  leiwt  of  iheni,  to  great  uncertainty. 

'I'he  following  (able  exhibits  the  composition  of  this  salt  ai 
determined  by  three  different  analyses,  the  mean  of  wliicli  is 
given: 

Potash  .         .         .  23-Ji:ifi 

Colunibic  acid       .         .  56-993 

Fluoric  acid  .         ,  1!>'470 


1 


100-000 

The  fluoric  acid  m-iu  not  obtained,  but  determined  by  the  loss 
in  Uic  ttnalyids. 
ccuapMitiM.       This  analysis  docs  not  acconl  with  aiiy  atomic  proportioni 
whatever.     It  corresponds  with 

1-63  atoms  po1a.-sIi, 
1       atom  eolumbie  arid, 
■'}'4    atoms  Snoric  acid. 
The  quantity  of  fiuoric  acid  is  so  ^tcat  that  it  m  impossible  to 
believe  tJiat  all  tlie  loss  siuttained  was  owing  to  it.     Analogy 
wnidd  load  to  the  conclusion  tbut  fluocolunibic,  like  the  three 
eceditig  acids,  is  a  compound  of 

1  atom  oolumbic  acid      .         .         23-75 
1  atom  fluoric  add  .         .  *2-'A7b 


26-125 
and  tliat  iu  atomic  wt-igbt  is  26-125.     The  salt  from  luialuf^ 
tiliuuld  be  composed  of 


A 
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I  atom  fliiocolumbic  acid         .  26-I9S  "--v. 

1.1  n  B>^  VIII. 

I  atom  potasJi        ...  6                         


32- 125 

^uont  cxpt'rimcnta  must  dctermioe  how  fer  tliese  analo- 
[  are  borne  out  by  facts. 

SECTION  VIII. — OF  FLfOTITANIC  ACID, 

^^Qufl  acid  iiUo  wu  first  examinvd  by  Benwliug  during  liis  ininor, 

on  fluoric  acid.* 
AVItrn  fluoric  ticid  is  pourod  upon  titanic  acid  lieat  is  evolved, 
even  though  llic  tilanic  had  been  [ti^viouxly  calctiied,  and  a 
complete  solution  is  effected  by  the  action  of  heat.  AVh«n  the 
solution  u  evaporated  by  a  gentle  hv»t  to  tlie  consistence  of  a 
aynip  it  depo»il<.'s  cryfltats.  n^icli  do  not  dissolve  completely  in 
vater,  but  are  decomposed  into  two  particuhir  combinationti, 
BC  of  whirl)  is  acid  and  soluble,  n'liile  (he  other  h»s  an  excciA 
'  bftsc  and  is  insotuble.  This  la-4t  combination  i«  deami poised 
with  coasiderable  iliRiculty  by  exposure  to  a  re<l  bent  in  un 
atmosphere  of  ammonia.  Berxetiii;  considers  llm  acid  sohition 
as  Biialogoiu  to  liquid  hydrofluosilicic  acid,  that  is  a  compound 
of  hydrofluoric  acid  and  fluodtanic  add.  This  acid  combines 
with  the  different  bases,  and  forma  a  class  of  salts  to  which  tlie 
Bune  fjS  JitiotitamaUs  lua  been  given,  and  several  of'wbicJi 
kave  been  examined  by  Beneliui.  We  has  subjecti'tl  the 
ioatitaniate  of  potastli  to  analysis,  in  order  to  enable  us  to  form 
eotnct  notions  respecting  the  nature  of  the  compound  acid 
which  it  contains. 

This  salt  is  obtained  when  the  acid  li(|uid  is  satiirateil  witli 

poCasb  till  it  begins  to  let  fall  n  precipitate  no  longer  rcdis- 

wtred  by  agitation.     When  the  solution  is  concentrated  it 

deposites  the  salt  in  brilliant  scales  like  boracic  acid.     Tliese 

■lah   dhnolve    in   water  without  decomposition.     When 

tJiey  give  out  a  little  water,  which  appears  to  have  been 

'nwcliiiuiciillylodgnl. among  tlie  particles  of  tlie  salt.  When 

1  in  a  phitinum  ap|Kimtuft,  lliere  conies  over  an  acid  liquid 

eonbiitM  l)oiti  fluoric  ucid  and  tiunic  acid.     From  the 

experiments  of  Berzelius  it  appears  tbut  titiinic  acid  and  fluoric 

acid  are  not  ca{vible  of  fonniiii;  a  gii'seons  compound.    Unver- 

A>ri>en  found  tJuit  when  a  mlxiure  of  rutilr,  fluor  spar,  ai]d  sul- 

^khtiric  acid,  is  heated  in  a  glass  retort,  tlie  gaa  which  comes 


Koa(^  Vctcns.  Av«J.  Hnndl.  1884,  p.  87a 
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omp.  L  over  conbdns  titanic  acid.  He  coDsiden  the  gas  thos  obtained 
to  be  a  combination  of  fluoride  of  silicon  and  fluoride  of  tita- 
ntnm.  But  be  could  obtain  no  gaseous  fluoride  of  titanium 
wben  the  mixture  was  heated  in  a  leaden  apparatus.* 

Berzelins  analyzed  the  fluotitaaiate  of  potash,  and  obtained 
Potash  .         .         .         38-7 

Titanic  acid        .         .         .         35-0 
Fluoric  acid        .         .         .         26-3 


100-0 


coBpniuon.  ThesB  numbcTs  are  proportional  to 

1       atom  potash, 
1-03  atom  titanic  atnd, 
1-7    atom  fluoric  acid. 
It  would  appear  (if  &i>y  confidence  can  be  put  in  this  analyse) 
that  the  add  consists  of 

1    atom  titanic  add        .         .         5-^S 
1^  atom  fluoric  add        .         .         8-5625 


8-8125 
Perh^  the  half  atom  may  have  been  in  the  state  of  hydro- 
fluoric acid,  simply  combined  with  the  fluotitanic  add  composed 
of  one  atom  titanic  acid  and  one  atom  fluoric  acid. 

The  greater  number  of  the  adds  belonging  to  this  class  aie 
sdll  very  imperfectly  known.  Considerable  obscurity  stiD 
hangs  over  the  combinations  of  fluoric  add  with  other  8dd% 
which  can  only  be  cleared  up  by  farther  investigation.  The 
subject  is  attended  with  peculiar  difliculties,  because  all  the 
experiments  requu«  to  be  made  in  platinum  or  leaden  vessels* 
which  prevents  us  from  observing  the  phenomena  so  well  m 
when  vessels  of  glass  can  be  employed. 
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We  are  indebted  to  an  accident  for  the  original  feet  &«■ 

which  the  whole  of  thb  important  branch  of  chemistry  derives 

its  origin. 

HWorr.  About  the  year  1710  Diesbach,  a  manufacturer  of  oolounin 

Berlin,  wishing  to  prepare  some  lake  by  precipitating  a  decoo- 

■  Poggendorf  *s  Aanden,  fii.  320. 
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cf  cochineal,  alum,  uh)  green  vitriol,  vfitli  [intash,  Wrrowi-<I 
e  aUcxli  for  timt  purpme  from  DipiM-l.     'Ilits  chemist  wm 
le  diawovcr^r  wl  n  peculiar  animal  oil  u'liicli  i;oos  by  his  name. 
e  prepared  it  from  Mihh\  ;  mmI  itic  iilknii  u-iih  u-liicli  he  fur- 
nished Dieshacli  had  Imi-ii  employed  in  the  procexM.     InKleiul 
of  the   red   preeipilittc  which  he  cxpcile*!.  »  hwiiitiftd   hlue 
powder  fell   to  llir  botttim.      On  mentioning  the  circumsCmicit 
to  DiiiiH'U  that  chombt  ascrihed  lh«  formation  of  the  powder 
to  the  aciiitn  of  his  alkali  on  the  alum  and  vitriol     It  is  not 
unUJcely  thai  he  had  cnlcined  the  potash  together  with  a  portion 
of  hlood.     Ite  tliat  la  it  may,  he  succeeded  in  di*covcring  a 
nethiMl  of  procuring  the  blue  ]>owdcr  at  pleasure,  nixl  it  Wiis 
announced  as  a  pigment  tn  tfae  Berlin  Miscellanies  fur  1710, 
1*hc  [>receding  history,  however)  wiw  only  oommnnicate<l  to 
le  public  by  Statd  '20  yean  nAvr.* 

Thi*  fiowder  wan  called  Prnmiian  blue  ;  and  the  method  of 
it  remiiiiicfl  coriccale*!,  be*-aase  it  liad  become  u 
ve  urticie  of  commerce,  till  Dr.  Woodwnrd  published  a 
prucvM  ID  iJie  PbiUMophical  Tmnsactions  for  1724,  which  ho 
^Kfad  procured,  as  be  informs  U'l.  from  one  of  liis  friends  in  Ger- 
^^nMniy.  'V\m  mctliO<l  VW  iv  follows  :  Detonate  together  four 
^■■MwoM  of  nim  and  as  much  lnrl«r,  in  order  to  procure  an 
^'extMnpofwieonn  alkali ;  tlien  mid  four  ounwi*  of  driwl  bullock's 
bltNitl;  mix  tlie  inj^redienta  well  together,  imd  put  them  into 
a  erocihlc  covered  with  a  lid,  in  which  there  is  a  small  hole; 
oJcine  with  a  moderate  lire  till  tlie  blood  cmitH  no  more  smoke 
flaxne  capable  of  hladcrni»f(  any  white  Imly  exposed  to  it ; 
the  fire  tnwnrd*  llie  end,  »«  tlial  the  wlioh^  nuilter  con- 
In  tiic  crucible  s\xa\\  be  modertttcly  lint  sensibly  red.  In 
ctatc  throw  tl  into  four  pounds  of  water,  and  boil  it  for 
an  hour.  Decant  off  this  water,  and  continue  to  ]wur  on 
Warv  till  it  oome  oiT  imtipid.  Add  all  ihesc  Hijnids  togetlicr, 
ami  boil  tJiem  (h>wii  to  four  pounds.  Dt^Aolve  an  ounce  of 
nlphale  of  iron  in  ImJf  a  pound  of  water,  and  eight  ounces  of 
■hun  in  four  pounds  of  boiling  water :  mix  all  the  three  solu- 
taoim  (ogetlier  while  boiling  hoL  An  effervcKcence  lakes  place, 
nd  a  powder  is  precipitated  of  a  green  colour.  Sejtarate  tliis 
Mcipitatc  by  filtration,  and  pour  muriatic  aci<l  upon  it  till  it 
DMoom  of  «  beautiful  blue ;  then  vneAi  it  nntb  water  and 
dfyltf 

•  Stohr*  EKporiaicnn,  Obicrrat.  AntnuuIvDrs.  ccc  niiOMro.  Chim.  et 
Phj*.  p.  VHl. 
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(^i>  ■■  Difftfivnt  rxpliiiuitioiii  were  ^ircii  of  die  nature  iif  tlib 
preci|)itat4^  by  (liifcrciit  cWmuts.  Mr.  Brown  immeriintely 
rcpvuUici  tlie  process  of  WuoHvrard,  ascertained  limt  oU>er 
Hniiiml  stthiitidices  ■>»  f"'Ji  "*■>>'  ''*'  ^<il<''ti toted  fur  blood:  tJuit 
tlie  atunt  is  useful  only  to  dilute  tbc  colour;  »nd  tbat  tbe  blue 
pigment  i^  produced  by  tlie  action  of  the  alkidi  (altered  by 
blood)  on  tlie  iron  of  tlie  vitriol.  He  ascertained,  toes  tbat 
priis»iaii  blue  i-i  inaoluhli!  in  muriatic  itcid,  and  that  lli<-  ^ccii 
colour  is  owin^  to  a  mixture  of  prussinn  blue  and  oxide  of  iron, 
and  tliat  tlie  muriutie  iicid  dcvelopi's  tlic  blue  colour  by  dissoir-  ■ 
I'iiig  tbe  oxide  of  Iron.* 

Thenc  feet*  were  of  considerable  importance ;  but  they  threw 
no  Hgbt  upon  tliv  theory  of  tlie  process.     An  exptiuintion  of 
this  was  first  ntu-mpted  by  Geoffn>y,  who  bad  ascertained  that 
any  animal    l>ody  wliiitever  might  be  dulistituted  for   blood. 
According  to  hiiOf  the  blood  commuiiieoteH  »  portion  of  iiiRam- 
nable  matter,  or  phlogiston,  to  the  alkali,  and  thiM  inHainmalde  _ 
matter  revives  the  iron  of  the  ntrlol  a»d  hriii^  i(   tu  th<  f 
metallic  slate.    A  greater  qiuuitity  of  blood*  by  increasing  the     ' 
infliuninablv  mutter,  Mill  enaliic  (lie  alkali  to  revive  still  more 
of  the  iron,  and  tbiis  toKtrikeablneat  onee,  intit«adof  af^eit.| 
'I'liough   this  explanation  was  approved  of  at  the  time  by  the 
best  ehemisia,  it  was  Jar  from  saiisfaelory.}     Mactgiier  sooB 
after  proceeded,  by  way  of  experiment,  and  added  a  new  et«p  j 
to  tbe  facts  ascertained  by  Itrown. 

That  celebrated  chemist  a.'ieertained  the  following  fiiets:] 
I.  When  an  alkali  It  ad<led  to  u  Holution  of  iron  in  an  acid,  the 
iron  '»  usually  pr«>ci  pita  ted  of  a  yellow  colour,  and  soluble  in 
iicids ;  hut  if  Iron  be  precipitated  from  an  add  by  an  alkali 
prepiirwi  by  calcination  with  blood  (wliieh  has  been  called  a 
pruminn  alkali),  it  is  of  a  green  colour.  2,  Acdils  (li<«M>lvt>  only 
a  part  of  this  precipitate,  anil  leave  lK-liin<l  an  in«oluhle  powder 
which  is  of  an  intense  blue  enlour.  The  green  prCHngiitiite 
therefore  Is  com])osi.Ml  «f  two  <liircrent  substaiiees,  one  of  which 
is  pniHian  blue.  JJ.  The  other  is  an  oxide  of  iron ;  and  the 
green  colour  is  owing  to  the  mixture  of  the  two  substances. 
4.  When  heat  is  applied  to  tliis  pransiaii  blue,  its  blue  colour 
is  destroyed,  an<l  it  become*  exactly  similar  to  common  oxi<l«  ■ 
of  iron.  It  w  cnrnpooed  therefore  of  iron  and  some  other  sub- 
stance, which  beat  has  the  properly  of  driving  off.    5,  If  it  be 


•  Phil.  Tnm*.  1794,  xixiii.  11. 
t  LewU'i  Nttiuuui't  Chein.  p.  n. 
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Dilod  villi  A  pure  alkiili.  il  lft«o«  its  l>l»c  colour  iJso,  niid  tit 
bv  luutip  lime  tlit!  olkuti  ac4|tiin;s  Uiv  prwjirrty  of  precipitating 
lot  <^iliiiir  Hiiliiiioim  of  iron  in  aci<t«,  or  it  has  hvcome  pre- 
thc  xaac  ii-iih  the  |inin.'<iaii  iilkali.     ti.   ['ruHsiiiii  liliio, 
pfure.  is  cooipa§ed  of  iron  and  something;  which  »  purv 
'alkali  call  nepwate  from  ii,  something  which  li»>  a  ^-iiicr  iiffi- 
tuty  for  alkali  than  for  iron.    7.  I)y  hoitiii}r  u  qimiitity  of  lUkali 
with  pniMiun  hliii.-,  il  inuy  )>c  compli-tciy  A>Aliinil«<d  wtlhthis 
•ooivUiinKi  wlticli  may  Ik  called  cvtuitriHff  miiltfr,  aad  ihi-ii  po»- 
MMCB  ilio  propertiva  of  a  nvutnil  salt.    8.  When  iron  diswlvcd 
in  an  acitl  is  mixi-d  with  an  alkdi  saturated  with  the  colouring 
BAttert  a  double  deco<Q)>oaitioti  takes  pUce:  the  acid  unites 
with   tl]4-  iUkalt,  and  die  colouring  matter  with  tlic  iron,  and 
ttrwa  pruasiiui   bine.     9.   The  n-uson  thui,   in   tlic  voniniou 
aietltod  of  preparing  pnw«ian  blue,  a  quantity  of  oxidv  is  pre- 
cipitated, is,  thai  ihcro  i«  not  n  sufficient  quantity  of  colouring 
natter  (for  the  alkali  is  never  saturated  witli  it)  to  saturate  all 
lli«  iron  (Ufplac«d  by  the  alkali ;  a  )>art  of  it  llierefure  li  tnixi-d 
villi  pnoMiaii  blue.     Muriatic  acid  di^Dlves  thi^  oxi(U>,  carries 
it  off,  and  leaves  tin'  blur  in  a  state  of  purity. — Such  were  the 
J      emeltLsions  which  Macqucr  drew  from  his  (.'xpiTimont*. 
^k     Tbc  rinture  of  the  colouring  matter,  however,  wa«  still  un- 
^Htaova.     M»0[uer  itup|>iMed  it  to  be  plilogisloi].     Acconling 
^Bla  bim,  proMian  blue  is  notliing  eUe  Uiaii  iron  supersaturated 
~  witli   phlogiston.     This  nviTiloM  protccU  the  iron  frmn  luridtt, 
^^iml  prervnta  the  magnet  from  acting  on  it.     Heat  drives  off 
^hlua  doae,  and  leaves  tlto  prUKsiaii  blue  in  the  state  of  common 
^Klran.*     Fran  tliia  tlieory,  wliieti  diifered  but  little  from  that  of 
^VGeoffroy,  the  alkali  saluraled  with  the  colouring  matter  of 
pnaaiaii  blue  receiveit  tlie  name  oi  f^hx/'uticattd aikaii.    Mac- 
qiior  luiring  obfterved  iJiat  il  did  not  net  on  alkaline  and  earthy 
I      M>luttun«,  while  it  precipitated  all  the  metidn,  pmpositl  it  us  an 
^ftticellent  tf*t  for  delecting  the  pteHenee  of  thcHc  laxt  bodiiit. 
^B     llie  sulisequcut  vjiperimenls  of  cheniiAtH  threw  an  uir  of 
^Htmpicioii  on  .Macquer's  theory.     Bsume  ascertuined,  that  when 
^■pntwiaii  blue  In  ilistllletl,  il  always  yields  a  portion  of  animal 
^'Wlrf-  a  prwluct  not  very  likv'ly  to  appear  if  the  powder  coii- 
tninnl  nothing  but  phlogiston  and  iroiu     Deyeux  and  i*ar- 
BlMlti»r,  Kencuuin,  Erxlfbeii,  Delius,  and  Scopoli,  submitted 
prHMUUi  blue  tudiHtiJkitiou,  and  obtained  a  i|uuiility  of  ainmonia. 
|FontAita  aacertaiiied  that  prussian  blue  detonated  witli  nitre> 

•  8*0  Micijiwr'*  Dictionwy,  i.  177.        f  Bsume'i  ChcmMtiy,  "  COI- 
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^**^  '■  l^tulriiuti  ubtiiined,  by  dintiUadon,  a  littlo  acid  Uquiil  ajid  oil. 
un«l  a  great  quantity  of  azotic  gan  anA  carburettcd  hydrogea 
gas.  'I'liese  IhcU  were  still  iiiwre  iiicoiif  iHt«tit,  if  iiuwiihlt!,  with 
Macquer'^  theory.  Mon-ojiu  advoiuTd  :uioili(>r  in  177*2; 
namely,  thut  tlic  phlogialicatcd  alkali,  bi-sidt'S  [ilil»;p»tun,  con- 
tained a\so  an  acid  wbicli  acted  the  princiiml  paxt  i»  tlie  plie- 
nomciui  produced.*  Sago  utSrincil  tluit  tlie  colouring  mnltcr 
in  pldo<rt,>>tic-iit<.-d  alluili  u'us  pliosplioric  acid;  but  t bis  opinion 
WiiA  rt-fiitfil  by  I.avotsicr.f  Bergman  also  announced  bis  sus- 
picions that  it  was  an  acid,  hut  an  unknown  one.^ 

Such  Wiw  the  kmtwh^dgc  of  chemists  resppctitig  the  ttature 
of  this  colouring  inatti'r,  when  .Scheele  all  :it  once  rt-niovc<l  the 
veil,  and  explitined  it«  propcrliw  and  coinpuMition,  This  he 
performed  in  two  dissertations  on  pniwitHi  blue,  pnblishcd  in 
the  Stockholm  Trjinsju-lions  for  I7i^'i  and  178-'). J 

He  observed  that  the  pnisfian  alkidi,  after  being  exposed  fur 
some  time  to  the  air,  lost  the  property  of  forming  priissian 
blue ;  the  colouring  matter  mu.<l  then^fore  have  lel^  it. 

He  put  a  small  quantity  of  it  into  » large  glasit  globe,  corked 
it  up,  and  kept  it  some  time;  but  no  cluingc  H-as  prmluced 
either  tn  the  air  or  the  prussian  alkali.  Something  must  tlivre* 
fore  di'«]>lace  the  colouring  matter  when  the  alkali  is  exposed 
to  the  open  air,  which  I*  not  present  in  a  glas*  vessel.  Was  it 
carbonic  acid  gas?  To  ascertain  this,  lir  put  «  quantity  of 
prussiiut  ulluJi  into  a  glass  globe  Riled  with  that  gas,  lUid  in  24 
hours  the  alkali  was  incapable  of  producing  prus>:ian  blue.  It 
is  therefore  carbonic  acid  gas  which  displaces  the  colourinff 
matter.  He  repeate<i  iliU  experiment  with  this  difference,  lliat 
he  hung  in  the  globe  a  bit  of  [taper  which  had  Ixcn  preWously 
dipped  into  a  solution  of  sulphate  of  iron,  sind  on  which  ho  had 
let  fidi  two  drops  of  an  alkaline  lixivium  in  order  to  precipitate 
the  iroti.  Tliis  paper  was  taken  out  in  two  hours,  and  became 
covered  with  a  fine  blue  on  inkling  a  little  mnriatie  acid.  Car- 
bonic acid,  then,  has  the  properly  of  Keparattng  (he  colouiitig 
matter  from  alkali  witliout  decomposing  it. 

He  found  also  that  other  aeiiN  produce  the  s.-uiie  effect. 
Hence  he  concliidetl  that  the  colouring  matter  might  be  obtained 
in  a  separate  stjitc.  Aecortlingly  h«  made  a  great  many  attempt* 
to  jirocure  it  in  that  state,  and  at  last  liit  upon  the  following 
method : 


I 

I 
I 


*  IKgmnoni  AcadomiquM,  p.  84S, 
t  NotM  on  Sdielbr,  §  ICS. 
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Mix  togptber  10  parts  of  pntssian  blue  in  pon'drr,  5  ptirte  of 
'  Uic  red  oxide  of  mercwry.  and  30  parts  of  water,  and  boil  the 
LBBXture  for  some  minuEeii  in  a  glass  xessei.  The  blue  colour 
f  dia^^pcnn,  aiMi  thv  niixiuri;  becomes  yellowiab  green.  Pour  it 
■pon  a  filter;  uikI  uficr  all  tliv  liquid  [xirt  lias  piistted,  pour  10 
pcrtH  of  hut  n-ator  ihrouj^h  thv  filter  to  M-tuh  the  resiiliiura  com* 
pleU-iy.  Thf  oxidt-  of  mercury  docompiwcs  ])rii».siiui  blue, 
aepanilem  its  colouring  matter,  and  forma  «'ith  it  a  iwtlt  soluble 
Ib  vuter.  'Jlie  li<(ui<l  Uiereforc  which  has  passed  through  tlie 
filter  conLtiiiM  tho  colouriuf^  matter  coinhini^l  u'iili  mercury, 
llie  otbcr  component  [)srts  of  the  prus^inii  blue  be iii}(  insoluble, 
do  not  pam  through  the  filter.  I'uur  this  mercurial  liqui<t  upon 
a  parts  of  clean  iron  filings  quite  free  from  rust.  Add  at  Uie 
fume  time  )  part  of  eonconlrated  sulphurie  acid,  and  )«hiikc  tlie 
mixture.  The  iron  filings  are  dissolveii,  ami  the  mercury  foi^ 
mcrly  held  in  iwbitiun  hi  predpitatrd  in  tlie  metallic  state.  The 
caoM  of  thic  sudden  change  in  obvious ;  The  iron  (Ifoxidi/t-H  the 
Dwrcory,  and  ts  at  the  same  instant  dissolved  by  tlie  sulphuric 
Bcwt,  which  has  a  stronger  affinity  for  it  than  the  colouring 
BiBtt4rr  hits.  There  reinaia't  in  soludou  therefore  oidy  sulphate 
|flf  iron  and  the  coIotiriii|;  mutter. 

Now  (h«  cohntriiij;  matter  being  volatile,  which  tlie  sulphate 
of  iron  is  not,  it  was  easy  to  obtain  it  apart  by  distillation. 
Accordingly  he  distilled  tlie  mixture  in  a  gentle  heot ;  the 
colouring  matter  came  over  by  tlie  lime  that  one-fourth  of  the 
I  liquor  bad  patsed  into  ttie  receiver.  It  was  mixed,  however, 
ilh  a  Miiall  quantity  of  Hulphuric  acid ;  from  which  he  sepa- 
I  rated  it  by  diKlilliiii^  ii  M-CDticI  lime  over  aqu^itify  of  carbonate 
^  of  lime.  'I'bc  ■iilplnirtc  acid  i-ombiiies  with  the  lime  and  remains 
behind,  which  the  colouring  matter  cannot  do,  been  use  carbonic 
[add  biH  a  Ktronger  affinity  fur  linit?  than  it  has.  Thus  he  obtained 
colouring  matter  in  a  state  of  purity. 
It  rcRUiiuetl  now  to  dUcurcr  its  cnmjionent  parts.  He  former! 
a  very  pure  pruminii  blue,  which  he  iliNtilleii,  and  iiicreaMNl  tlie 
fin>  till  the  vessel  became  red.  The  smuU  quantity  of  water 
^K  which  he  had  put  uito  the  receiver  coiitaiuecl  n  {mrlion  of  tlie 
^^  blue  colouring  matter  and  of  ammonm ;  and  llie  air  of  tlic 
receiver  cuiuusted  of  azote,  carbonic  acid  gas,  titid  the  colouring 
maltcr.  He  cuncluded  from  this  and  other  experinientK,  that 
thr  i-olouring  mailer  is  a  compound  of  lunmonia  and  oil.  Hut 
when  he  Attcmptcil  to  verify  tlits  theory  by  combining  together 

Kinia  ami  oil,  he  could  not  succeed  in  forming  colouring 
r.     This  obliged  him  to  change  his  opinion;  and  ul  lu»t 
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^"P  *■     he  concludpd  that  the  colouring  matter  is  u  coinpoiiiid  uf  amm»- 
nk  aiid  charcoal.      He  mixed  together  eqtiai  quuntitim  of 

r  pounded  charcoal  aud  jiotaab,  [)iit  the  tiii.xture  into  a  crucible, 
and  kept  it  n^d-Uot  for  «  quarter  of  an  hour ;  he  llien  ftddeil  a  I 
Squantity  of  «ul  nmmoiiiitc  in  small  {jii.-ci»>i,  wliicli  be  pUMheil  to 
^le  bottom  of  the  melted  mixture,  kept  it  in  the  fire  for  two 
ninuteti  til)  it  bad  cea^ied  to  ^ve  out  \-spours  of  ammonia,  and 
tiit'n  thrt-w  it  into  a  quant  iry  of  U'alt'r.  'llie  holution  po»esaed 
all  (hi;  |)r<>])(.-rtioM  of  tlii^  giru.-uiiU)  »lk:di.  TIhi-'*  Mr.  Scl 
succeeded  in  fonoing  ibc  colouring  matter. 
This  colouring;  mutter  was  called /»r«Mtr  Hcirf  by  Mo 
in  the  first  volume  of  the  chemical  part  of  the  EtKipiupcdit 
Methiflique ;  tin  nppellnciun  wliieli  Hoon  beaunv  gcnunl  in 
Great  Britain  luid  Fnincc. 
Of  BnihaUtc  Tliese  esperimenu  of  Sehcclc  were  repeated  and  carried  still 
&rther  by  Uertbollet  in  1787 :  who  applied  to  the  eiplaiialion 
of  the  composition  of  the  colouring  matter  the  tight  which  luui 
resulted  from  bu  previous  experiments  on  the  component  paila 
of  ammonia.  He  ascertained,  in  the  Arst  place,  tliat  the  phlo- 
g^isticated  alkali  is  a  eumpound  nalt,  coniaining  prii-ii^c  acid,  the 
alkali,  and  oxide  of  iron ;  tliat  it  may  be  ohtaincd  in  octah«<ltal 
orystaLf  :  and  lliat  when  mixed  with  sulphuric  acid,  and  exposed 
to  the  light,  it  I(-Ch  ^iU  a  preeipiiate  of  prassian  blue.  His 
iioxt  object  wiw  toatccHaiu  the  component  jxirtK  of  prussic  acid. 
When  chh>rine  i»  poured  into  prii.wie  acid,  obtained  by  Scbeelc's 
prooosa,  the  lu'id  becomes  more  odorous  and  more  volatile,  less 
capable  of  combining  with  alkalies,  and  precipitates  urou  from 
its  solutions,  not  blue,  but  ffrtni.  He  conceived  that  in  tU* 
case  it  had  combined  with  oxygen,  luiquired  iiirw  propcrtiei, 
and  been  converted  into  a  new  substance,  which  he  called  uzj/- 
ftnutic  acid. 

From  tlicsc  experiments,  and  others  similar  to  tliem,  Ber- 
tliollet  concluded,  tliat  prussic  acid  does  not  contain  ammonia 
ready  formed ;  but  tiiat  it  is  a  triple  i^imponnd  of  cairbou, 
hydrogen,  and  axote,  iti  proportions  wbicJi  he  wan  nut  ablv  to 
ascerluin.  This  eoncliDsion  wa»  verified  by  Mr.  Clouet,  who 
found,  tliat  when  ammoiiiacal  gas  is  made  to  pass  tlirotig^i  a 
red-hot  porcelain  tube  containing  chareoal,  a  qtuuitity  uf  pnmie 
acid  in  fonned.*  Tlilt  experiment  does  not  succeed  unleaa  a 
pretty  strong  heal  be  applied  Ui  the  Hibe.f 

In  tlie  year  180(t,  a  most  valuable  juiper  on  pnuwc  add  and 
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lis  conpouxtdM  M-as  (tithtishcd  by  M.  IVousU*     Thougli  hv  did 

oat  •ucfci'd  in  procuriiij^  tht  aeid  in  a  separate  statt.-,  nor  in 

■Krrtuiitiiig  it«  constituents  with  rigid  accuracy ;  lie  pDinlnJ 
out  a  great  number  of  new  and  im|)(irtant  ffti;Ui  wliicli  were  of 
much  utility,  nJid  wbicb  fiidlitiitcd  ilic  Miliartjiiciit  invrsti^^ation 
of  Gay-Lu«ac.  To  tbiM  liui  illuniriuu^  cJu'mUl  wv  are  indebted  o*». 
fur  nil  rai9y])roc«s>tforobuiuiii;;prus»icac!(liiiastat«of}>urity,f 
for  an  nceuKite  dvNcri|iti<>ii  of  its  i>rupertte8  when  llius  obtained, 
and  for  a  r!iri(l<)<'icrniiiuition  of  it»  composition  and coiiHtiiutitin.| 
He  »huwed  tliat  it  wm  a  cumbiitation  of  hydrogen,  with  u  com- 
pouQt)  body,  towbicbliegave  llie  mune  of  ci/anofft^.  This  body 
u  unitiiigoua  to  the  supporters,  and  c»|iidilu  liko  lliom  of  com- 
bining with  difTi-rent  Ii<lm>s  and  convertiug  them  into  acid§. 

Mr.  I'oTfetl  luul  jiroviouMly  sliown^  that  it  wa«  capable  of  •»«  pi«»u. 
CDmhiniiifr  witli  Hulphur,  and  forming  a  new  add,  towbicb  tbe 
■auK*  of  iiffdn>-»»l//Ji"Tifaurc  acid  has  l>cen  since  given.  And 
BrrtboUct  had  «hou-n  tluit  it  U'lu  aUo  capable  of  uniting  with 
eklorine,  and  foraiing  an  aoi<l  which  haa  got  the  name  of  rAittrtt- 
qfotir  acui :  ihuut^h  die  real  n.itun.^  of  this  acid  was  lint  A»cer- 
bdt»«l  by  Ciay-Lu>viHc.l|  iiiill  vonsiiliTiible  olMcurity  hung 
about  tlie  Hall  origiimlly  formed  by  Mucqiier,  and  called  by 
pUoffittirtttitt  i>uta*h.  It  wiw  iifterwnrds  denominated 
ij^  pvtush,  an<l  ttfl  nature  and  properties  were  succes> 
invratt);ated  by  different  chemiMs.  But  the  nature  of 
the  pn-cipilates  whidi  it  forma  with  metallic  sallA  remained 
ttncjuunined  till  IleizeliuH  puhlixhed  a  nvt  of  experiments  on 
ike  ubject  in  the  year  1819,11  wluch  Bellied  several  points 
vilL  great  accumcy  ;  tliouf^b  there  are  still  some  others  which 
acbnit  at  tnore  llnin  one  explaiuitton. 

Sdidv  aildilional  fi>cli«  liave  been  more  lately  added  to  thin 
btvmiting  bmnch  of  ebeinicul  wience  by  Wiibler,  (iay-Lii>MtC, 
Lictrig,  and  Mr.  Eilmund  Djivy.  I  iiiiaU  endeavour  to  lay  iis 
daar  a  view  as  pouihlc  of  nl)  the  dilTerent  brundica  of  tlib  di& 
Aoolt  hut  interesting  Hubjcct  in  the  following  Bcctiotuu 
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aiCCTIOK  I.— or  CYANUGEH. 
I  ltav«  gireo  an  account  of  the  method  of  preparing  cyamnien, 
and  denoribed  tu  propertie*  in  the  fir»l  volume  of  tliis  work 

(p.  3og). 

•  Am.  de  dihiv.  Ix.  I&S.         t  H'iJ'  Ixxxiii.  SIA.         (  Ibid.  scv.  130. 
{  PhB.  Mar.  skxvL  196.  ~        y  Ann.  de  Chim.  xcr.  130. 
1  Ko«^  VMenii.  Acad.  Uauill.  1819,  p.  24^;  and  Ano.  dc  Chim.  ct  du 
Pliy».«T.  1*4. 
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"^'-  It  is  a  compouad  of  two  volumes  of  carbon  VEpoar  and  one 
volume  of  azotic  gas  united  together,  and  condensed  into  one 
volume.  Hence  we  obtaio  its  specific  gravity,  by  adding 
together  twice  the  specific  gravity  of  carbon  vapour,  and  the 
specific  gravity  of  azotic  gas. 
OMnpamco.  Sp.  gr.  of  carbon  vapour  s=  0-4166  X  2  =  0-8333 

Sp.  gr.  of  azotic  gas        ...         =  0-9722 


1-80&5  = 

specific  gravity  of  cyanogen  gas.  Volumes  of  carbon  and  azotic 
gas  bearing  the  same  relation  to  each  other  that  atoms  do,  it  is 
obvious  that  cyanogen  is  a  compound  of 

2  atoms  carbon         .         .         =  l-S 
I  atom  azote  .         .  1-75 

3-25 
So  that  its  atomic  weight  is  3-25.  We  may  obtain  the  specific 
gravity  of  the  gas,  by  multiplying  its  atomic  weight  by  0-6656. 
For  3-25  X  0-5555  =:  1-8055  the  same  as  before.  Now  Gay- 
Lussac  found  by  experiment  1-6064  which  comes  within  len 
than  s^ijth  part  of  the  theoretic  number.  The  two,  therefore, 
in  this  case  may  be  considered  as  identical. 

Cyanogen  has  the  property  of  combining  with  a  great  variety 
of  bases,  and  of  forming  a  set  of  saline  compounds  exceedingly 
analogous  to  the  chlorides,  and  which  have  received  the  name 
of  cyanodiiks.  The  greater  number  of  these  compounds  pos- 
sessing the  properties  of  salts,  I  shall  reserve  the  desctiptioa 
of  tbera  till  I  come  to  the  saltSy  which  will  occupy  our  attendoa 
in  a  subsequent  part  of  this  volume.  But  there  are  one  or  two 
compounds  of  a  more  complicated  nature,  which  may  be  noticed 
here. 
^^'S^'  1.  When  a  current  of  cyanogen  gas  b  passed  through  an 
aqueous  solution  of  ammonia,  no  fewer  than  four  different  com- 
pounds are  formed.  1.  Prustiate  oi  Amiaom&,  OT  hydrocyanaU 
qfammcnia,  as  it  is  also  called.  2.  Tlie  dark  brown  substance 
described  in  the  first  volume  of  thb  work  (p.  211),  as  precipi- 
tated when  a  solution  of  cyanogen  in  alcohol  is  set  aade.  3. 
Oxalate  of  ammonia.  4.  A  peculiar  crystallizable  body,  resem- 
bling cyanodide  of  ammonia,  but  certainlya  different  substance.* 
It  is  probable  that  the  oxalic  acid  and  hydrocyanic  acid  are  pn^ 
duced  by  the  mutual  action  of  the  water  and  cyanogen  on  each 


•  WiJhIer,  Kong.  Velena.  Acad.  HanUI.  1824,  p.  32a 
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For  four  atonu  of  c-j-aiiofi^t'ii  Hint  tlirw  utoms  of  walrr,    Otm  ri. 

Di^lit,  by  muluiilly  dn'ompositig  cocli  otbt-r,  produoe  otic  utom 

oxalic  aeid  «ud  tlirtf  atoais  of  hydrocyuoic  acid. 

Oij.       Hfd.       AiDCc       cub. 

8  irat«r  contain         3  +  9 

4  eyuwgcii  contain  0  -f  0  +  "^  +  8 

3  +  3  +  4  +  8 

1  oxidic  arid  3  +  0  +  0  +  2 

3  hydrocyuiiic  acid    0  +  3+3  +  6 

3  +  3  +  3  +  8 

Tbcre  Is  a  aurplus  of  1  atom  of  azote,  wbtcli  most  either  enter 
•i  m  ooutituviit  into  the  dark  browa  matter  or  into  llie  ctysial- 
End  Bubotancc.  This  cry^Iallized  siilutance  may  he  obtained 
pore  by  decomjMMing  cjanodidc  of  lead  by  viiuHlic  ammotiiui  or 
cyanodide  of  sUver  by  sal  aroinoniue.  It  liaa  a  white  oolour, 
oyMallizefi  in  neetllen,  niiil  cIImoIvcs  easily  !n  w»(er  and  in 
akf^L  lu  solution  u  neutral,  imd  it  in  not  |>rvci|iittited  by 
lead  or  kilver,  or  by  any  of  the  other  tnelallic  iult«.  M'hea 
d^esled  in  cnustii-  potash  no  ammonia  bt  given  ouL  It  Neenw 
loconiain  water  of  eryituIHiation.  When  heated  to  redncM 
villt  [>otawJuinabundiuireofc)-anodidcor[>otn!wtiujnisobtaitie(L 

3.  If  itleohol  bt-  utunited  uidi  cyiinogcn  ^;u»,  and  then  with  ofi 
MlpburvUisl  hydrojfcn  gas,  it  atsumea  a  dark  yellow  colour,  and  1^^''''°'"  ' 
Mwn  aftrr  lunall  red  crystals  are  deposited.  Tliey  have  a  tine 
•cariet  colour,  oonsiderable  lustre,  and  are  opaque.  1'hey  ure 
■carcely  boluhle  in  cold  water;  but  thvy  di»olve  in  hot  water, 
fntni  which,  howeier,  tlicy  nic  ajraiii  lUjio^'iti-il  as  the  liquid  couls. 
This  sulwUuK'e  U  hut  liltle  «ulublc  in  ideuliol.  When  geiitly 
healed  il  partlyoublimesunaltcTed,  but  the  greatest  port  becomes 
hlack,  while  much  sulphuretted  ammonia  is  disent^iit^d,  imd  a 
bhck  coaly  mutler  remains.  When  passed  through  )ii)toxidt-of 
Ki)>p4-r  a  great  deal  of  ammonia  b  disengaged,  whidi  (Im-k  not 
render  lime  watermuddy,  and  Uiereforecon tains  no  curhoriicaciA 
Wiililer,  to  whaui  we  art-  indrbcrd  fur  all  thuHe  facUi,  useertjiined 
by  digostiuK  it  in  aqua  rvgta  tlutt  it  eunt»in<-<l  i>3  per  cent,  of 
wilphur.  I  tliiiik  it  not  improhabic  tJuit  th<-M'  cryHtaht  consist  of 
bydrosulphocyiinic  add.  Thix  aci<i  contains  &4"£i  per  cent,  of 
lulphiir,  which  iippnKiche>i  pretty  near  the  estimate  of  Wiihler. 
Huwever,  the  action  of  It  on  the  alkalies  docs  not  coirespoud 
with  thin  notion  of  its  nature. 
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ttt^.L        These  red  crystaU  dissolve  ui  sulphuric  acid,  ^ivit 

liquid  a  yellow  colour,  and  they  are  ai^ain  pipcipilatod  when  the 
acid  n  diliiml  nith  wat^r.     Tint  alkaline  t^urlioiiaCeit  di»»oIve  ^ 
them  witti  tlie  itwi»UiiiL'u  ofhvjitiniid  the  itolutioii  Ua  mixture  of  H 
sulphuretted    pl>l:M^illm   and   isiiIjdiocyunixUde   of  potH'M'ium. 
They  are  very  tioliiblv  in  caustic  potasli.     Thi^  sultitiun  is  yel- 
low.   When  the  crystals  are  mixed  with  a  solution  of  acetate  of 
K-iul  the  acetic  acid  Is  immeiliately  disen^piged  and  a  fine  oraii^ 
pix-cipiUili-  TaU-s  xiniilitr  in  appc-annice  to  chroinale  of  loud.    I'lio       , 
colour  rVRinins  after  the  powdi-r  U  dried,  provi^led  only  a  wry  ^m 
^iitlc  hout  b(!  applied.     But  if  it  be  be»ted,  or  even  hoileil  in  ^ 
water,  it  is  converted  into  nnlphuret  of  lav^d.     If  tliv  orange 
precipilate  be  di|rrs(ed  in  caustic  potJifh  siiljihuret  of  lead  separ- 
fitei*,  and  we  obtain  a  solution  of  cyonodidc  of  potassium,  and 
aulphocyanudide  of  potassium.       By  analyzing  tlilH   orange 
pouflcr  it  wit'*  found  to  conlain  in  one  experiment  64  and  in 
aiiutlicr  64-5  percent,  of  lead.     Now  siilpliovyanodidc  of  Ivttd 
[  js  a  componiHl  of 

SulpliocyuiK^sn  .  7'95  or  35-81 

Lead  .         .         .         16      .     64- ID 
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This  approaches  so  closely  to  Wiihler's  analysis  as  to  render  it 
probable  that  the  orange  precipitate  is  merely  a  sulphnryan<»- 
dide  of  lead.  However,  tliis  conclti-tion  U  opposed  by  the 
different  etTeot  which  »ulphuc)'imate  of  poUt^h  pnKluces  upon 
till'  NaltH  of  lead.* 

0.  W  hen  a  current  of  cyunogcn  ^as  is  pusM-d  thronj^li  a  sola- 1 
'  don  of  perMulphiurct  of  potassium  much  sulphur  is  prccipibttcd,  < 
and  a  (jiuintity  of  the  brown  charry  matter  aliso  makes   its 
a]>pcarance,  and  when  the  solution  in  concentrated  crystals  of  ^ 
sulphooyanodide  ofpotassituu  are  obtained.     If  this  sulpluH^J 
cyaiiodide  be  heated  In  redness  in  an  nininiphere  of  cyano^iMi  ^^ 
giu,  n  ^kiid  deal  of  sulphur  ix  driven  off,  luxl  the  latuvt  bi'ciunof 
Bt  first  black  from  decomposed  cyanogen.  Itntthedsrknessof  tlie 
colour  Hpecdily  iliminishen,  and  the  substance  becomes  at  Inst  a 
coloiirlew  fii«ed  bmiy,  which  on  cooling  becomes  a  white  nit, 
which  proves  on  examination  to  he  snlpliocyaiuKlide  of  potQ*- 
siutn.t 

When  a  current  of  cyanogen  gns  ij*  poxsed  tliroiigli  n  solution 
of  protosulphuret  of  poUtSstnm,  no  sulphiu-  is  precipitated,  and 
we  obtain  a  mixture  of  cyanodido  of  potassium  and  stilphocy- 
•  Kong.  Vctmu*.  Acad.  Uaiull.  11«+,  |i,  3BB.  f  IWd.  p.  331. 


IIVDROCYAMC  ACIB. 

if  at  potBmiitm.  Tlic  reason  is  obviously  becaiiitc  the 
■Ipbiir  )in>!)ciit  ifl  only  capable  of  converting  oii(--hiilf  uf  the 
num  into  sulphocyaiKxIiilc.  Wlicn  cyiinogen  gas  is 
(t  itirougli  hy<)ro]>ui|tiiuTvt  of  potash  iho  above  de«)cribeil 
(Tj-stalii  are  obLiiiicd,  ii.'ii()crin^  it  probable  that  hydrogen 
I  ono  of  the  consttluvntii  of  this  ted  matter.* 
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SECTION  II. — or  IIYDROCVAN'rC  ACID. 

Tbo  first  person  wlio  obtained  tltUnci<l  in  »M-purate  stale  waa 
Scbeele.  He  obtained  il  by  tlie  pruci-tut  described  in  page  213 
«f  thia  volume.  Tlie  foUiiKing  is  the  process  recommended  by  Jl^fuiJJi- 
Gay-l,U)u«c :  Put  into  a  smuU  tubulated  retort  a  mixture  of 
pruNsiiiU'  (rf  raereur)'f  and  muriatic  aoid.  The  quantity  of  add 
ftluHiliI  \k  less  than  would  be  re(|ii!sile  to  decompoRC  tJie  pTiL<»> 
■ttle  of  mercury  completely.  'I'n  tlie  b^ak  of  the  retort  fit  s 
flam  tulie  at>oul  Q  feet  in  Iwifrth  luid  ubout  7^, tits  of  un  inch 
vide.  Kill  the  fint  third  of  thiH  tube  with  fragments  of  maible 
in  unler  to  rctnin  any  muriatic  uetd  tluit  mi^ht  nnnc  over  (but 
ani  iJiMuld  be  taken  to  prevent  ibtH  lut  much  iw  possible).  The 
nn^tMler  uf  tho  tube  ts  to  be  filled  with  chlori<le  of  cidcium  to 
retaia  the  water.  To  the  extremity  of  this  tube  adapt  a  unall 
noeiver  and  surrotmil  it  with  ice,  or  still  better,  with  a  mixture 
tfmow  and  nhIi.  Apply  a  modenttc  beat  to  the  retort.  The 
hydrocyanic  add  poues  over  and  condenses  at  first  on  die 
ilv.  Kul  it  i«  vwiy,  by  Rpplyin)>;  a  ^-ntle  heat,  to  drive  it 
the  tube,  und  into  the  ruc«-ivvr.t 
Tlie  process  recommended  by  Gautier  is  however  easier  and  <«  omxio, 
lenper.  It  in  ns  follows :  Fuse  the  yellow  wilt  well  known 
the  name  ni fvmujiiuMS  //riutitite  o/fx/laxh,  or  frcqutailly 
called  Himpty  prv**iale  of  potatJi,  in  it  vt-tiscl  to  which  utuio- 
rira)  air  has  not  ucn'ss.  This  suit  is  eonsidvrcd  at  present 
double  cyanodide  of  potiissiiun  and  iron.  By  this  procext 
ide  of  iron  is  decomposed  nnd  an  inflammable  gaa 
over.  The  iron  I«  converted  into  a  carburet,  which  may 
M'piimt4'<l  by  diswlvin^  tlie  fused  salt  in  water.  If  we  evan 
the  filtered  •nlntion  wo  obinin  a  white  salt,  dieting uUhed 
the  natne  of  cyanodide  of  putnssium.     And  thiit  it  reidly 


Kong.  VetcM.  Aciul.  IIiukIL  1894,  p.  S3S. 

Tlnk  mIi  il  obtaiiicil  bj  bu>Liii(;  rcil  oxide  of  mcrcur)-  nnd  pniMJan  blua 
r.  umI  enfiontticc  die  Bulutiun  formed  till  it  cryttaltiic*.  The  cryw> 
eoiMlilMs  prmimle  ^  Rtrrvry,  or  i-jronodMlr  «J'  mtrtufy  w  it  is  now 
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contains  potaixiiim  h  obvious  from  thiM :  If  you  put  a  plate 
c'ljpjKT  into  its  ^olllti«n  poUisHium  is  iinin«Iiiiti?ly  precipitated; 
but  ill  (wiiscqueiice  of  tUe  presence  of  water  in  tlie  liquid  U  a 
speedily  converted  into  potash  with  a  very  evident  effrn-e»- 
oeooe.  We  see  from  lliis  that  copper  is  capable  of  ilirowing 
down  potaaaitun  from  iti«  combinalions.*  Put  the  cyanodide  uf 
poUui-sium  tliUM  obtained  into  «  flask  or  retort  ftliglitly  moistened 
with  water,  and  iidd  t«  it  muHuticacidbyalittit;  at  a  time.  The 
bydrocyiniic  add  is  disengaged  hi  a  guM-ouH  slate.  Cuit«e  it  (a 
pass  through  a  tube  filled  with  fragments  of  dry  chloride  of 
calcium,  and  receive  it  into  a  small  fiask  kept  as  cool  as  po»- 
uble  by  being  Korruiindeil  by  a  mixture  of  enow  slid  salt. 
Hero  the  acid  condenses -inlo  a  liquid. 

As  hydroc)'aiiic  aeid  is  very  much  employed  in  medicine,  and 
as  itt  cHicac)'  is  very  much  cuniicctcd  with  its  strengtl),  it  cnraet 
to  be  nn  object  of  considemlile  importance  to  be  in  puK«e«nan 
of  a  method  by  wliich  it  can  be  easily  jtrepared  by  a  common  ^ 
apothecary  in  a  state  exactly  tlie  Rame  in  point  of  strength  at  ^| 
all  times.     The  following  process,  tug^^ested  by  Mr.  Clarke, 
apothecary  to  llie  C>l.'ii<gow  IiilinnATy,  powesses  tliis  requisite,      i 
lo  100  drachms  of  water  dissolve  S^dmchms  of  cyanocUde  of  poC-H 
Bssium,!  and  udd  to  the  solution  1 8']  drachms  of  cryitlallixed  mr-      i 
taric  acid  ])reviously  dissolved  in  20  drachms  ol  U'atcr.   A  double 
decom))osition  Likes  place.     Bitartrate  of  potash  falls  dotvn,  and 
about  120  drachm.t  uf  uTiter  will  remain,  holding  in  solution  0| 
drachms  of  hydrocyanic  acid,  or  '2'Kt  ])er  cent,  of  the  solution  is 
hydrocyanic  acid.    Ofacic)  of  tliU  strength  8  drops  may  be  given  i 
thrioi-  a  (hty  in  agla»  of  u-ater.    The  only  impurity  in  iheucidj 
when  thus  prepared  is  a  small  quantity  of  cream  of  t<rr[ur,  wlitchf  | 
in  a  modiad  point  of  view,  is  of  no  consequence  whiUi'ver. 

Hydrocyanic  acid  thus  prepared  is  a  colourless  liquid,  haviii^fl 
s  Htrong  smell  similar  to  that  of  peach  blossoms.     Its  taste 
sharp,  and  at  first  appears  cooling,  but  it  soon  excites  a  bum- ' 
ing  sensation  in  tlie  mouth,  and  it  is  very  astlienie,  and  indeed 
a  vindent  poison.     .\[  the  temperatureof  44°  j  its  specific  gm- 
vily  is  y-7038,  at  the  temperature  of  G4°^  'n»  sj>ecilic  gravity 
is  0-6069.     It  boils  ut  tlie  temperature  of  79-7'',  and  coiigvak 
about  the  temperature  of  5".    The  cold  wliich  it  produces  when 
allowed  to  evaporate  in  the  open  air,  even  at  the  temjicrntiire  , 
of  68°,  is  sufficient  to  congeal  it.     Its  a]>pearance  when  froxenl 

*  Thi>  (Uf;g«it«  an  08*ier  metliailur|iT[)curlng[K>tawuinihMibuhiiberto 
boea  pnuriiM'il. 

t  Tliu  mlt  is  ciuily  prciiureil  by  cbv  jtrocws  given  in  thii  srctiw. 
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[  tomowhat  similnr  to  tluit  of  ciystallizod  nitrat«  «f  nmmonia. 
Khva  WatiNl  to  tho  t4^in|>0Taturp  of  80°  itasstimi'K  tlic^;uM>oua 
niKl  tlw  i>>[ivcilic'  griirity  of  its  vapouT,  as  dctormiiii-cl  by 
Gsy-I.uiH«cuO'i>476.  Bein^c  a  compound  of  I  volume  liydro- 
f(eu  uid  1  volume  cyanogen  uiiile<i  ti^elli<-r  w'iliiout  any  altora- 
lim  III  volume,  it  is  obi-ious  tliat  t)ie  true  specific  gravity  mtist 
be  tbv  laeun  of  tlial  »f  cyano^ii  gas  aiid  byilrogon  gas. 
Sp.  gr.  uf  cywiogcu  gM  .         .         i-6f)55 

of  hydrogea  gas         .        .        0*0<>iJ-i 
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Mean  0-9375 
Tltm  givoft  usi  0-9375  for  tfa«  specific  gravity  of  tliu*  giis.  It  ia 
Dtir  of  ihoHc  gaai-»  wliottc  optrcilic  gravity  u  Mbuiiiiecl  by  mul- 
tiplying its  atomic  wciffbt  by  li'2777.  Xow  we  shall  see 
imiDrdiately  tliat  its  atomic  weight  is  3-375  and  3-375  X  0-2777 
=  0-B375,  tbe  same  as  before.  This  calculate<l  !i[M-cilic  gravity 
tmnrs  within  I  pfr  cent,  of  tlie  expcrim<-ntal  r«<tull. 

When  ihv  riipour  of  ibis  acid  ia  mixed  witb  oxygen  giut,  and 
an  electric  cpork  pniwrd  tlirough  it,  a  dvtonution  tukvs  place. 
~or  complt^K*  comhiiAlion,  1  vulumu  of  tliv  vapour  rctjuirfs  1-25 

oxygen-     The  produi-ts  arc  I  curbontc  acid  mixed  with  0-5 
■Me.    1  of  the  oxygen  wont  to  tlic  formutioD  of  carbonic  ncid. 
The  rfroaining  0-25  of  oxygen  must  liave  combined  with  hydro- 
gm,  tuui  th«  quantity  of  hydrogen  witli  which  tlicy  combined 
nu*l  luive  bit'ii  0-5     Hence  it  follows  lluit  hydrocyanic  acid  oaimioJUiio. 
nutt  consist  in  bulk  of  I  v<»liime  of  carbon  vapour,  J  volume  of 
ltg|e«  and  ^  rolumc  of  hydrogen ;  or,  doubling  the  volumes,  of 
Q  volumes  cnrboii  vapour, 
1  volume  azotic  gan, 
1  Tolume  hydrogen, 
eotuIeiKMtt  into  two  voIutnv».     Hut  '2  rolumet!  carbon  vapour 
4-  1  vuluinc  i»otic  gas  condensed  into  I   volume,  coiiMiituie 

aoof^.  It  is  tlivrefoTC  o(>vious  that  hydrocyanic  acid  is  a 
naipound  of  1  volume  of  cyanogen  and  I  volume  of  hydrogen 
gMCS  united  together  without  any  allerution  of  volume  wbat> 
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Aniiydrous  hydrocyanic  ncid  tin<lergoes  spontaneous  decom- 
{MMtJoti  even  in  ilry  vessels,  and  though  kept  in  a  dark  place, 
^imetimes  it  is  decompiled  in  u  few  hours,  while  at  oUier  tiinm 
It  may  l>e  kept  for  a  couple  of  weeks  witliout  ulteration.  The 
colour  becomes  first  reddisli  brown :  this  colour  deepens,  aitd  a 
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quantity  of  lh«  brown  cbnrry  mattor,  already  repeatedly  alluded 
to,  is  tlrpowted,  with  a  umi-ll  of  ummoniA.  In  short,  die  add 
i»  ^milHally  converted  into  cyniiodide  of  aminoiiia  and  the 
charry  mutter.*  This  uvid  when  diluteil  with  water  may  be 
preserved  any  length  of  time  provided  it  he  kept  from  theiicti'Hi 
of  the  light.  The  hest  u-ay  U  to  put  it.  into  a  phial  covercil  on 
the  oiibtidc  with  a  ciuttiii^  of  blade  painL  If  wc  expooe  it  taj 
the  liffht,  even  in  a  eloso  vesHel,  it  underf^cs  coni])Ict«  <ieo(Hn- 
posilion  in  a  very  short  time. 

When  sulphur  is  healed  in  hydrttc)-anic  add  giw,  it  nbsorb* 
the  ffv<,  and  if  we  sritiiralc  it  with  thin  gas  we  obtain  a  yelloV 
coloured  tolid  body  haviiif{ ii irystjilliiie  texture,  which disBolves 
ui  water,  does  imt  precipitate  the  salts  of  leiul,  and  fornix  with 
the  iKLses  a  peculiar  genus  of  salts  not  hitherto  invo^lipited. 
Pho*ph<iru«  may  he  sublimed  in  hyilrocyauic  acid  gas  witliouft 
uiiderfjoiiigaiiy  nlteratiou. 

When  thin  acid  giw  i*  p>ui)ted  throiigli  red-hot  iron  It  und«w 
goes  complete  decompmition,  charcoal  beitifj  deposited  on  the 
iron  and  a  gas  evolved,  which  is  a  mixture  of  equal  volumes  nl 
hydrogen  and  aiotic  gas.  When  potawium  is  hootcil  in  tlii« 
gas  it  absorbs  the  cynnogen  and  leaves  a  quantity  of  bydrogen 
equal  to  half  the  volume  of  the  byilrocyniitc  acid  employed. 
The  cyanodide  of  potash  dissolveM  in  water,  and  yiehU  when 
evaporated  a  white  salt  ejcactly  similar  to  that  oblaine<l  b; 
fusing  t)ie  common  yellow  prussliite  of  potash. 

'Hie  alkalies  when  placed  in  contact  with  hydrocyanic  del 
oemsifut  a  double  decomposition.  The  hydrogen  of  (he  ucid 
uniting  witli  the  oxygen  of  the  alknli  conslituteN  water,  wbittf 
tile  metidlic  bases  of  the  alkidi  uniting  to  the  e^'anogvn  forma  n 
cyanodide  of  potassium  or  sodium.  When  these  cyanodidcs 
are  exposed  to  tlie  air  {especially  when  in  solution)  tlic  potas- 
«ium  or  sodium  is  speedily  oxidii[e<l  at  tht>  expense  of  the  air, 
ind  llie  cyanodide  is  in  consequence  decomposed.  The  car- 
bUnic  ncid  of  the  atinos])her<-  gritiliudly  unites  to  the  alkali  tliU9 
formed,  and  the  tij/tinicj/nHie  acid  or  rffnttagm  is  disengaged. 
These  cyanodides  may  be  preserved  much  longer  in  a  solid 
Btute.     I  have  kept  the  cyanoitide  nf  potfis^itim  fur  a  consider- 
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'  *  It  would  appear  ftwn  the  dbiwatioiu  tX  M.  KuhlmnTi,  tho* 
hj'drorjanlc  ncid  u  mixnl  with  maiWic  add  ■bundancc  of  cryati*  oC 
Binmonjnc  arc  nlmoit  immodiatcl/  Ibnnnl.  Ann.  tic  Cbim.  ct  dc  I1i}i.  xl> 
441.  It  is  pouiblcthnt  theipccd}'  dccompoHlion  of  h)'<lracyniiic  arid  maj 
be  pBTtly  owing  to  the  procnce  of  »omc  niiirtaliv  acid  in  it,  when  obtaineii 
lif  Oiy-Liunc's  pn>c»a. 
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>lblv  time  iii  a  pbia)  witliout  any  t«ti(Jency  to  decomjioiiilioii 
bring  (K-rceivptL 
^H     'I^K  (Icuto.xuii*  «f  tnnD^ifHC  iib«orb4  completely  tb«  rn|iour 
^Hof  liytJtiK-yiuiic  itctd  ui  u  ft-w  Iiouth.     Water  M  fonnvili  t>iit 
^Bcyuiiogcn  U  not  uvokcsl. 

^B  U'licit  nti  uxide  of  mercury  ia  heated  in  liydracyaiiic  acid 
npoor  a  riob^it  iictiuii  takeH  [ilncc,  and  ho  iducIi  lieat  is  evolved 
■a  to  destroy  lli*^  compotmd  funnitd.  When  Uie  ex|H>rim('iit  is 
■wle  wtibout  tliv  npjiltiiitioit  of  Lt-stt,  tlic  vapour  it  iitiM)rl>i-<l  by 
I  tba  oxide.  When  the  oxide  thus  sutomtett  with  vapour  of 
hvdroevaittc  tcitl  i*i  lieateit,  water  m  di)>eiif;n)red,  aiid  there 
I  renuuiis  tlu-  Muli«tani-c*  fonnerlv  known  liy  ihv  H»RH^  of  pritasi- 
i  ate  uf  mercury.  It  is  obvious  from  tliU  that  a  double  tteoom- 
podtinn  take«  phicc,  water  in  formed  and  cyimmlide  of  mercuiy, 
Hydruvyiinic  acid  hi  one  of  the  most  virulent  poisons  knon'n. 
Some  yrius  a^ru,  r  cbcmiitt,  while  engaged  in  preparing  it,  let  A 
lew  dro|t«  &iU  upon  lus  arm.  It  Rpecdily  evaporated,  yet  the 
urarCuiiate  roan  fell  a  victim  to  tlie  applicaticui  in  tin-  coume  of 
two  iioiir«."  When  a  single  drop  of  it  is  nppliod  to  llie  eye  of 
a  common  sized  dog  or  a  cat  vioU-nt  convnlMons  are  produced, 
wldeh  speedily  terminate  in  deutli.  It  has  beeit  long  kntfwn 
tku  aminonia  constitutes  an  antidote  to  tliis  poison  by  euunt<T- 
■ctinf;  itH  effects.  Dut  from  tlie  cjiperimentit  of  M.  8iineon,f 
nnfinm*tl  by  those  of  MM.  PersoK  and  NorraCt  ita])pesrH  that 
ilurtneconittiluteaamorecertainandcompleleaDtidote.  Being 
into  tlie  throat  of  the  poUoned  animal  it  »|>ee(lily  relieved 
symptoms,  and  tlie  aniiiuil,  after  an  interval  of  some  hours, 
recovers  iM  health.  Even  in  one  ca«e  where  the  poison 
been  allowed  to  eicrt  its  action  till  the  animal  w»s  at  tlie 
atnt  of  dentil,  the  res|>iration  havinir  iHrcii  stop[ie<l  for  '25 
(U,  the  applicalion  of  chlorine  restored  uniroutioti,  and  tlio 
.tounal  recovered 

Ilydroeyuriic  acid  when  miieb  ilihited  with  water  is  nlso  a 

poison  when  culm  in  isle  red  in  suHieient  quantity,      ilut  when 

iren  In  umall  quantities  it  lias  been  found  a  raluable  medicine 

varioas  di*e>»e«,  »n<l  in  none  <Ioit«  ilH  adminutralion  appear 

be  more  benvfiviid  than  in  dyspetxua.     1   have  found  iliat 

water  holding  in  solution  one  per  cent,  of  this  acid  constitutes 

a  Mffi<neiil  strength.     Of  this,  as  much  as  a  scruple  or  evcti 

balf  u  dntchm  may  be  given  twice  a  day.     l)ut  I  have  found 

that  about  8  ttrops  of  it  aditunistered  iii  a  ghu>»  of  wuter  const)' 

*  BeneUiMi  Tniti  J«  Cliiinie,  ii.  91 1. 
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CTANCKtEN  ACIDS. 

"^t-  tntet  «  suflident  doM.  When  giv«n  in  Inigtr  doMt  it  <\mi- 
niitheA  the  velocity  of  the  pulse  to  a  very  rrmarkBblc  di.'p^'*'. 
Oti  one  occssioii  I  reduced  (lie  puUc  of  an  individunJ  to  '23 
bcati  per  minule.  ITpoii  u-itbdrawing  the  ni4-didiic  tJic  pulse 
gradiially  rt-sumos  il»  niitiiral' velocity.  If  the  use  of  the  medi- 
cine i>i-  jx'nistcil  in  after  tlic  piiW  iiu-t  been  thus  dimiiUAbed, 
tiw  patient  is  thrown  into  a  state  of  letluirfry'  similar  to  that  w 
well  ilescriljed  by  Shakespeare  in  tlie  tr.i)j<-*Iy  «f  Koro«0  mbA 
Juliet.  A  lethargy  of  thin  kind,  into  which  a  liuiy  wu  tltrowa 
in  Glasgow,  continued  almut  HO  hours,  and  she  rcoovered  Rg&iii 
without  any  luul  con^equeiice.-i  wLitever  followiJig.  1  moiition 
these  liiet^  to  show  with  what  caulioii  «o  powerful  a  medicine 
should  Ik?  prescribed. 

Lassaigiie  lia.4  proposed  the  following  method  of  detecting 
hydrocyanic  acid  after  d(-ath  in  tlie  stomachs  of  thoiie  wbo  Iut* 
been  poisoned  by  that  baneful  drujj :  Tlie  stomach  is  to  be  cut 
in  pieceH  and  mixed  (togetlier  witli  its  cnntt-nU)  wiili  a  little 
water.    I'his  mixture  '»  to  be  distilled  by  a  gentle  beat  till 
about  one-oight)i  part  of  the  water  has  pa«*ed  over  into  tlte 
receiver.     To  the  dLiliiled  liquid  add  a  drop  of  i-uiolic  ]>ula»h, 
and  iinmediatfily  after  a  very  small  quantity  of  the  solution 
of  liulpluitc  of  o>pp<<r.     A  Hnmll  quantity  of  matter  will  be  dit- 
enipiged  by  the  action  of  tlio  alkali  on  the  copper  solutioo. 
Then  add  one  or  two  drops  of  muriatic  add.     If  no  hydrocy-fl 
anic  acid  be  present  the  whole  cupreous  precipitate  mil  be  di».  ' 
solved,  and  the  liquid  becomi-  tnniK|>arent.     Hut  if  any  bydro- 
cjranate  of  ci>|iper  be  present  it  will  n-miiin  undiKSolved  Mid  of  J 
a  whit«  colour.     By  thiN  method  jQi^no''*  P*>''^  "'^  ''"^  liquid  of  ^ 
hydrocyanic  add  may  be  detected.    There  is,  however,  a  source 
of  nmbi^fuity.     The  same  white  precipitate  will  remain  if  ibe 
liquid  should  contain  hydriodic  aci<].     Sulphate  of  iron  when 
substituted  for  Bulpliate  of  copper   will   detect  tbJoo*''   "^ 
the  weight  of  (he  liquid  of  hydrocyanic  aciil,  but  it  has  the 
advantage  of  being  chanictcrittic  in  consequeiici;  of  the  forma- 
tion  of  pmiwian  blue'     If  the  qiuuitity  of  hydrocyanic  aeiifl 
pre»cnt  be  very  small  tlie  hydrocyanate  of  copper  is  ledissolvett 
in  tlie  course  of  a  few  hours. 

The  same  difficulty  occurs  in  determining  whether  Iiydro- 
oyaiiie  acid  iinit4.>s  with  Ixise-t,  as  wa«  mentioned  before  respect- 
ing muriatic  acid.  Yet  I  tliink  that  the  phenomena  leave 
little  doubt  that  no  such  class  of  salts  as  hifdructfaHaUa  exUt. 

*  Am.  de  Cbim.  ut  dc  I'hy*.  sxviL  SODi 


CTAKOU8  ACID. 


Sut  tiiat  whenever  tltia  acid  cotnee  in  coiibtct  witli  nn  oxide  a 
snblr  dreompoAition  takM  place,  water  hein^  formed  while  the 
rcn  utid  the  metallic  l)«xe  uniting  constitute  a  cyanodide. 


CkHTr. 
S«f.ltL 


SECTION  111. — or  CTANOUS  ACID, 

I  bnro  hren  ituluced  to  give  this  name  to  the  acid  first  dis-  iniiorr- 
corered  nnd  dewribed  by  M.  Wi>hlor,  under  the  name  of 
ryanic  ncuL,*  \x\  const-<juence  uf  ihi- Mibsequent  discovery  t)y 
SertilUs  of  uiiothiT  C4>m[>i>uiid  of  cyaim^rcn  ami  oxygen,  which 
ooatsins  twice  u  niicli  oxygfii  m  Wohlcr's  ucid.f  To  lliis  lost 
aeld  we  most,  oeconliiig  to  the  rules  of  nomenclature,  apply 
^tfce  Bune  cyanic  acid. 

The  exbtence  of  cffomnu  acid  waa  first  suspected  by  Vau- 

[>Un.    He  observed  that  when  water  impregnated  with  cyim- 

fn  waa  not  aside  it  underwent  spontanoous  de  com  portion, 

converteil  into  carbonic  acid,  Iiydroiyanic  aiid,  charry 

cr,  lunmonia,  and  a  particular  acid  which  lie  propoM'd  to 

jntpii»h  by  the  name  of  ci/anir  aritt.l 

V'uhler  found  tliai  wh4^n  a  current  of  eyanoKen  pis  was 

into  burytcs  water  containing  undissolved  crystals  of 

jrate  of  barytes,  the  liquid  ntsumcd  a  brown  colour,  and 

J  fiinrrj'  uiatlcr  was  deposited  while  the  bury  to*  diwolvtMl.    After 

ithe  proc<*'n  was  over,  he  pa>«ed  a  current  of  carbonic  acid  gas 

[ihroagb  the  liqiud  to  decompose  any  tiydrocj'anatc  of  barytes 

llkiit  it  might  contain.     It  was  then  boiled  to  drive  off  tJie 

'Iiydrocyanic  acid  and  concentrated  after  filtration.     A  while 

■ilt  wai  obtained  in  silky  needles,  which  was  cyanitt  ofbanfltx.^ 

In  bis  pa]>er  on  this  subject,  he  examined  the  projierties  of  this 

tyBoitc  and  of  sevenil  others  which  he  obtained ;  but  be  did 

apt  tnOMCtl  In  procuring  the  ci/ttnoug  arid  or  lu  aiialyxiiig  it 

But  finding  that  water  and  his  acid  by  mutual  <leeomp(Kittion 

i  were  converted  into  carbonic  acid  and  ammonia,  he  concluded 

that  his  acid  was  a  compound  of 

I  atom  cyanogen, 
1  atom  orygeik 


t  eynnouft  acid  contains 
waU'f  contain* 

Ttrtid  atoms 


Oil.       Cmt.       Amu.     Ht&r. 

I  +  2  +  i 

3+0+0  +  3 


4+2+1    +   3 


1*«  Aonnlcn.  UkL  Mk 
f  XfM.  dc  Cbin.  et  de  Vhyt.  ixxvui.  379- 
f  Oilbm's  Anaklen,  hii.  »7. 


t  Ituil.n.ll3ixxii.l32. 
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PuntuiUoii. 


Pmi«u«, 


2  carHonic  acul  oonlaiiu 
1  umntuiiiit  coulains     . 


Cay.       CmH. 
4+3 
0  +   0   + 


A«MK        Hjil. 


I  +  3 


4+2+1   +   3 

It  is  evidflnt  from  tliis  that  ono  atom  of  cyanous  acid  and  three 
uUimii  of  wutcr  may  be  converted  into  an  iuiegmnt  paiticle  of 
bicarbonate  of  ammonia. 

WiilUer  found  afterwards  that  the  easiest  method  of  pro* 
curing  cyanite  of  potath  was  to  reduce  anhydrous  ferroprussiatc 
of  pota.vii  to  a  fine  pou-dcr,  aud  mix  it  intimately  witlt  atwut 
its  own  weight  of  blnclc  oxide  of  iiiangaoese.  'I'liis  mixture  it 
to  he  heated  in  u  Kii\'er  micible  to  incipient  ig;mtion.*  The 
matter  which  has  been  tiius  hcuted  b*  to  he  boiled  in  idcobol  of 
the  spcciGc  ^vity  0*ti:)2.  'llic  alcoholic  Holulion  us  it  cools 
depositfs  cyaiiitv  of  put<wh  iit  smiiU  sciUm,  simiJar  iit  appear- 
ance to  cliluriite  of  pota^li.f  He  now  tuibjectrd  tJie  acid  to 
analysts,  und  confirmed  his  former  opinion  of  its  constitution. 
"Wbhler's  attempts  to  obtain  tJiis  acid  in  a  separate  state  were 
unsuccessfiil ;  but  Liebig  pointed  out  a  process  by  which  it 
might  be  procured  nearly  pure,  and  so  that  its  characters  could 
be  recogiiisvd4  Hi.t  unidyHt*  at  lirst  ilitfered  from  that  of 
M'iihler,  but  he  aflorwurds  siilisticd  himself  tlutl  \V<ihler'« 
dcterminutiuii  was  correct. 

Cyanous  acid  may  be  ohtuined  by  the  fallowing  proceM : 
Mix  together  solutionsof  cyanite  of  potash  and  nitrate  of  silver. 
Tlic  cyanite  of  silver  precipitates  in  the  state  of  a  white  powder, 
whicli  is  nearly  insoluble  in  water.  Suspend  tills  cyanite  in 
water,  and  pass  through  the  liquid  a  current  of  sulphuretted 
hydrogen  gas,  taking  care  not  to  add  enough  to  decompose  thfl 
whole  cyoDitc  of  silver  employed.  The  silver  b  tlirovn  down 
in  the  state  of  sulphuret,  and  the  cyaiious  acid  dissolves  iu  the 
water.  Let  the  sulphuret  of  tulvcr  and  uudecomposed  cj'auita 
subside,  and  then  decant  off  the  clear  liquid,  which  eomtitutes 
ail  aqueoiiK  solution  of  cyanous  acid.  ThU  liquid  lias  a  »our 
tuste,  aiid  reddens  vegetable  blues.  It-*  Kmell  in  coinjiared  by 
Wiililer  to  that  of  aeelic  acid.  When  left  in  contact  with 
water  it  undergoes  Mpont^tiieous  decompnxition  in  a  few  hours, 
being  converted  into  carbonate  of  animonia.§     It  combines 

*  Too  grcsC  a  heat  dcitroyt  the  acid. 

t  Ann.  dcChim.cCdcPhj'i.m-iL  IM;  and  Gilbert'*  Annalcn.lxxlB.  1&7. 

t  AiMi-  de.  Chini.  et  dc  Phyn.  xxiiit-  £07. 

^  Liebig,  Ann.  d«  Chim.  et  dc  PhyK.  xxxUi.  SOB. 
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mth   thu  lUA'ffTcnt  biueflt  and  neutralizes  thetn,  cQmtatauag    owvl 

^fmaitUj   MOW  ot  wbioh  bare  be«n  exomiiiett,  anil  will  In 1_ 

doHribed  in  a  rabsequent  part  of  this  work. 

7u  (Ivtermiac  tli«  atomic  weiglir.  uf  tltt^  add,  Wiildpr  aiu^ 
lyud  cjnuiite  of  jtotmh  oihI  cyanite  of  iiilr^r,"  He  found  tlietn 
conposcd  M  foUowB ; 

1.  Cynnile  *^i>i4ash. 
Cyaiioua  ucii]  .         .         .         4'353 

PotB»li  ....  6 

CyanouH  r)cUl  .         .         .         4*348 

OJide  of  silver  .  .  .  14'75 
Tke  mean  of  the  two  onmbem  attached  to  cyanoiu  acid  is  4-35, 
vlneb  tlierefore  is  the  atomic  weif^ht  of  this  acid  as  derived 
froD  the  experimentN  of  W'iililer.  To  dcterniiiie  the  ooiitpo- 
ridon  of  tiii«  add  he  decomposed  a  gti-eii  weight  uf  cyunit^i  of 
dm-  by  means  of  nuriiUic  acid,  which  convertn  Ui«  carbon  in 
tbr  acid  into  cnrbonic  ucid  gan.  The  volume  of  vurboiiic  acid 
beiii^  meiwun-il  ypivr  Kim  thp  wpi^lit  of  carliooi  whicl)  the 
rid  in  the  8ult  coiitiitnt-d.  Cysuiof^-u  Wing  a  coinpotiiul  of 
1*5  by  weight  of  carbon  and  1-76  of  asiote,  it  vna  easy  to  infer 
weight  of  azote  in  the  acid.  AVIiut  wan  wanted  to  make 
I  tbe  whole  weight  of  tlie  add  was  considered  ax  oxygen.  In 
.  wmy  he  determined  Uic  constitucntii  of  cyanous  add  to  be 


Cnrbon 

35-334 

OnvMlka. 

Aiote            . 

41-317 

Oxygen          .         . 

23-340 

14)0-000 

is  obriously  equivalent  to 

^  atonu  cariwn           . 

1-5 

1-7S 

1  atom  oxygen 

!• 

4-26 
tbat,  aocording  to  thb  aiuityKJ*,  die  true  atomic  weight  of 
loui  Rcid  is  4*35,  and  it  is  a  compound  of  1  atom  cyanogen 
tad  1  atom  oxygen. 

^m  KCCTIDN  IV. — nP  CTAKIC  ACID. 

^B    Tlik  acid  w»  discovered  by  Scntlliu  in  1 829.    He  obtdned  Ill*>«^ 
H|^v  dissolving  a  substance,  which  lio  called  perelUonde  qf 
^^^B  *  Ana.  (to  Chkn.  tt  ik  Phf*.  xxvii.  196. 


F 
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*^'"i'  *-  ^UNMCtpni,  and  wliich  will  be  described  in  a  subsequent  section, 
in  hot  M-Bter,  and  boiling  tlie  solution  for  some  time.  By  tits 
uctiou  of  the  hot  water  llie  iicrchloride  is  converttil  into  mtiriu- 
tic  acid  nnd  cyanic  lurid.  By  cvRporatin);  llio  liquid  the 
murialiv  iicid  li  driven  off,  and  the  cyanic  acid  is  deposited  in 
cry  still)!.* 

PmpnttM,         Cyanic  iicid  llius  obtained  is  a  white  itolid  which  cryslalliies 
in  brilliant  tninnjuiriMit  rhombs.     When  beuled  it  sublimes, 
and  is  then  dt-positt-d  in  fine  n<H'(llcs.     It  has  but  little  taste, 
yet  it  reddens  vegetable  blue«.     It  is  but  little  soluble  in  coldfl 
water;  but  hot  water  is  a  better  solvent  of  it.     lis  spcolic 
g^vity  is  rather  less  than  rS47.     For  it  floats  in  concentrated 
ftiilphuric  acid,  but  falls  down  when  that  ocid  is  slightly  diluted 
with  wiiter.     It  requires  for  volatilization  a  heat  rutlier  gr^-ater  ^ 
than  i»  sufficient  to  boil  mercury.     When  strongly  heated  afl 
portion  of  it  is  decomposed,  ehnrcoal  being  left.     If  it  contaiiifl 
nioiftturc  carbonate  of  ammonia  is  evolved  in  proportion  to  tJie 
quantity  of  moisture  present. 

Nitric  acid  has  no  action  on  it  whatever,  exccpti[i<;  that  it 
dissolves  it  when  .-Lssisled  by  heat.     It  is  equally  solable  in 
sulphuric  acid,  but  without  undergoing  decomposition  or  al 
alion.     When  placed  in  contact  with  potiisnum  combinatioi 
lakes  place,  cyanodldc  of  potassium  and  potash  being  formed. 

This  acid  combines  with  buses,  and  produces  a  genus  of 
salts  wluch  have  been  distinguished  by  the  name  of  eifanalt*. 
Jlul  tlicite  salts  have  not  yet  been  subjected  to  cxamiiuiliun. 

From  tlie  trials  of  M.  Kerullus,  tliis  acid  seems  to  have  no 
very  i^triking  or  injurious  effect  on  tlie  animal  economy.  Two 
grains  mixed  witli  water  were  introduced  into  the  cesophagua 
of  a  rabbit,  hut  ocautioned  no  sensible  inconvenience. 

M.  Serullas  analyzed  this  acid  by  heating  it  with  oxide  of 
copper.  The  gas  extricated  was  a  mLtture  of  two  volumes 
cailionic  acid  and  I  volume  of  azote.  The  loss  of  weight  wiuit- 
ing  to  make  up  the  sum  total  of  the  acid  was  consitlered  u 
oxygen.     From  this  analysis  the  constituents  wer^  dctluccd  as 


e  in 

Jt«rJ 

itioiifl 

Ded.'4 


follows 


.■s: 


Carbon 

Azote 

Oxygen 


28-56 

S3-:3n 
38- U 


100-00 
This  is  obviously  equivalent  to 

■  Aon.  lie  Chim.  ei  An  I'hjv.  ixxfiii.  3tij. 


It  is  therefore  ■  compouiiii  of  an  atom  of  c}'anog;en  and  3 
xtonu  of  oxygon,  and  its  utomic  uci^Iit  U  5*'25.  It  contains 
jiwt  twice  tlie  quantity  of  oxygen  that  cyanous  add  does,  and 
obriunsly  a  much  tnore  hitimate  and  penuaneiit  cooipound. 

SEOTIOS  V,. — or  fL'LMINIC  ACID. 

In  the  year  1600,  Mr.  Howard  published  in  tlie  PhilosophiciJ  "w-r. 
Tranaactioiiit,*  a  prooesn  for  making  folminating  mcrcuryt 
together  willi  an  account  of  aome  of  iJie  most  remarkable  pro- 
pertiea  of  this  subtttance.  His  process  was  as  follows :  In  a 
mmuun-d  ounce  and  a  half  of  nitric  acid  of  the  specific  gravity 
!•.%  ditwolrc  l>y  means  of  heat  100  grains  of  mercury.  Pour  this 
aolution  upon  tn'o  measured  oimces  of  alcohol,  an<l  apply  beat 
■ill  the  mixture  beginw  to  elTcrrt-itce.  'I'lie  licat  H  then  to  be 
witbdravrn.  'I'he  action  hecoines  violent,  loid  continues  for 
some  time ;  a  dense  white  smoke  issues  from  Uie  vesitel,  which 
i*  heavier  tlmn  the ntmo>ipheric  air, and  uiiiy  be  ]>oiin'd into  gloss- 
!  jans  where  it  continues  for  some  time  Uko  fine  u'lutc  clouds^ 
Ateatiwhile  a  white  pow<ler  fallii  to  tlie  bottom  of  the  mucture. 
When  tJie  effervescence  is  <ncr,  tliU  white  powder  is  to  be  separ- 
ate«)  l>y  filtration,  wiuhi-al  with  pure  water,  and  drieil  in  a  heat 
not  exceeding  2 12°.  This  white  crysljdline  [>i>wder  c«>n«titiite« 
fulmioating  inercury.  This  [luwder  expWc«  when  heated  to 
968'.  It  explode*  also  loudly  when  It  is  wrapt  ap  in  paper 
ind  atnick  upon  an  anvil. 

Soon  afWrwanU,  Mr.  Ilonrard,  assisted  by  Mr.  Cruiksltanks 
of  Woolwich,  formetl  /aiiniiuititiff  silver  by  a  similar  ]>ri)cetw. 
Tlic  best  metliixt  of  fonning  thU  formi<laMe  compound  is  tlie 
fvllowiiifr:  Diwiuhv  n  drachm  of  pure  silver  in  an  ounce  and  a 
lialf  i»f  nitric  ncjd  of  tlic  specific  gravity  1*52  (or  acid  of  only 
1-42  or  I'-lii  wilt  do),  to  this  Milution  add  two  ounces  of  uli'oliol 
of  the  «|>e<-ifK'  gravity  0'S5,  and  bring  ihe  mixture  (pur  into  a 
flwJt)  grndiuilly  toa  boiling  heat.  As  soon  as  an  elfervescenoe 
bflgins,  white  crystalline  flocks  make  their  appeiirancc.  The 
TCMel  must  now  bo  put  in  a  cool  place  and  k-fl  at  rest,  till  the 
rffen.'CM.-ence,  which  continues  for  some  time,  ig  at  iui  end. 


*  Plul.  Jma,  IMO,  p.  80k 
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During  tJiLs  time  the  ({uanlity  of  precipitate  greatly  increases; 
aud  if  we  wixh  to  have  n^  ^i-at  a  quantity  of  fulminating  silver 
as  possible,  we  ought  (o  coo)  it  artificLolIy.  Fulminating  Kilrer 
thus  prepared,  is  a  much  more  forniidaltle  isiilmt;ince  thuii  ful- 
minating mercury.  It  dissolves  in  Hd  times  its  weight  of  hot 
water,  and  er^'stallincs  on  cooling.  It  lias  a  metallic  taste,  and 
bladcens  the  skin  like  other  ^aalts  of  silvef.  ^^1len  cxfxi^ed  to 
the  light  it  becomes  lirst  reddish,  and  at  hi£t  nearly  black.  Tbia 
fbrmidable  ctHnpound,  as  usually  prepared,  is  in  tbo  state  of  • 
powdor.  It  (lebonat^s  much  more  loudly  tlian  fulminatiiig 
mercury.* 

'I'lioflv  two  fomtidftble  suhNtAncci)  had  U^eti  known  tochemtstsi 
uidhad  been  repeatedly  czltibitcd for RtoTPtbun'20  yean,  witltout 
any  attempt  touscertain  their  nature.  At  length  in  the  year  1838 
they  attracteil  the  attention  of  M.  Liebig.  I  le  shoiwd  tbat  they 
consisted  respectively  of  the  oxide  of  mercory  and  of  silver, 
united  to  a  peculiar  acid,  which  be  showed  to  |><»»eiiB  a  strik- 
ing analogy  with  hydrocj-anie  acid.  To  (his  aci<l  he  gave  the 
same  offultnimc,  and  ho  showed  that  it  was  capable  of  com- 
bining with  the  different  bases,  and  of  forming  salts,  which 
pnsse&s  the  remarkable  property  of  fulminating.  He  even  made 
a  set  of  Mperbnenls  to  determine  tlie  oomjvonent  parts  of  this 
arid ;  but  an  he  aftenrards  discovered  that  these  original  ex])e- 
rimcnw  were  erroneous,  it  is  ami  eccHsary  to  sperify  them  here.f 

He  repeated  his  esperimenta  with  more  exactness  in  the 
laboratory  of  M.  Gaullicr  de  Claubry,  in  Piiriti,  and  carrie<I  his 
investigations  a  good  deal  tarther;  but  Htill  witlioul  reaching 
the  requisite  decree  of  aecurocy.t  In  the  year  1824,  a  very 
elaborate  and  ingenioiut  set  of  experimcntit,  to  detennine  the 
conHtituenbf  of  fiilminic  acid,  was  made  by  MM.  (>ay-I.ustac 
and  Liebig  together.J  The  conclusion  to  which  they  came 
was,  that  tlic  composition  of  fiilminic  acid  is  identical  with  tlutt 
oi  cytuious  acid :  namely: 

1  atom  cyanogen         ,         .         9^ 
I  atom  oxygen  .        .        1 

4-25 

But  to  tlib  conclusion  it  may  be  objected  that  the  properties 
of  fuLminic  ucid  and  of  cyanoui  arid  are  quite  different.  All 
the  compounds  of  the  lirst  acid  and  bases  fulminate  by  heat  or 

•  Pliil.  TVan*.  IHCW,  p.  KM.  t  ORberili  Anuolen,  Ixxii.  391, 

X  Aun.  dc  Cliiiii.  ct  de  I'hy*.  xxiv,  S94.     $  Ibid,  ixr,  266. 
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Jrictiori,  wliile  Utc  coinpouiub  of  oyanooa  a«td  and  base»  linvt     cumvi.  I 

IK»  fulmiiuitiiig  properlics  wbtttevpr.  L. 

In  tilt*  yciir  I8S(I<,  ■  Dcw  |mi)er  on  thu  aubjoct  wns  piihliMticd 

by  M.  Licbig,  in  which  lio  endeavoured  to  expliitn  wlittt.  ndces 

I  phoe  wJicn  a  fulmiuat«  is  decooipos«d  by  Hulphurettcd  bydro- 

It  was  about  tliis  dme  that  Uio  attention  of  Mr.  Eilmund 
I>iryvnv«dritwn  lotlii-seciirioussalts,  aiidns  thc'DiiliHii  Soi-iely, 
to  whicli  ko  !■  profesHor  uf  chomistry,  are  not  supplied  with  tliv 
«iHitiiiental  journals,  be  prosecuted  Iiis  mrestigations  for  a  con- 

'  adenble  time  before  he  became  aware  of  the  proviouN  invo&tt- 

gatiou  of  Oay-Lussac  and  Lii-bi^i;.     Meaiiwlille  lie  discovered 

that  fulminating  mercury  and  Mlver  contain  a  pectdiar  acid, 

wkicb  bo  found  tbe  i&etliod  of  coinhintiig  witli  tlie  different 

nea.     lie  examined  tlic  properties  of  tlieec  dilTcrent  leilte,  luia- 

1  Ijrsed  tlie  fulnunatcs  of  fiilver  and  mercury,  by  which  the  atonic 
weight  of  the  add  wan  determined,  and  after  several  unituccMih 
fill  trials,  at  hut  bit  upon  a  meiliod  of  obtaining  the  fulminic 
acid  free  from  a  UiSf,  and  only  di.fsolvcd  in  water.  Fiimlly, 
lie  analyxed  I'uluiintc  acid,  and  obtained  results  Bomcwhat  dU^- 
fcrent  hom  t]io»c  of  Gay-Lumac  and  I.iubifr.f 

Sneh  b  tbe  history  of  llie  iiix'cHtif^tioit  of  thU  very  otirioua 

imbMancc.  It  u  now  time  todescnbe  die  method  of  obtaining 
it,  and  tiu'  properties  by  which  it  It  cbaraiCterized. 

Fulminic  acid  was  obtained  in  a  separate  state  by  Mr.  Davy,  PniwuiiM. 
by  ilic  following  proceos:  Put  into  n  bottle  with  a  frrouiid 
■toppvr,  a  quantity  of  fulminating  nii^rcury,  toi^-tbcr  with  about 
twicv  ita  weiyi'ht  of  clean  zinc  Hlingt),  imd  itboiii  tlirii'  quartern 
of  a  fluid  ounce  of  water  for  every  '20  frninit  of  fulmiiiatinfi; 
raercury  employed.  If  tlie  bottlu  bv  kept  in  a  tcmpcnittirv  of 
about  BO",  and  occasionally  iigilalcd,  tlic  fulminating  mercury 
iiiauon  decomposed,  aiid  a  Dolulion  offnlminatcofitincobtniiicd. 
Thi"  f  tquid  U  to  be  fillcTol  into  another  bottle,  luid  nbout  onc- 
tbird  t>f  its  bulk  of  a  Katumtetl  aqiK-ou*  eultttion  of  barytes  18  to 
be  added.  Whi^n  the  mixture  is  ngitatt'd,  tlie  oxido  of  xidc  is 
precipitated,  and  a  solution  of  fulminate  of  barytee  formed.^ 
Tilter  llie  fulmiiuitc  of  barytee  into  another  stoppered  bottle, 
and  add  just  the  quantity  of  sulphuric  acid  (previously  diluted 

I*  Am.  de  Ctiim.  ct  dc  Phju.  xxv.  S8j. 
t  Mr.  Uav/a  faptr  wa»  printed  in  TmnMclion*  of  the  RojbI  Dublin 
Society  for   1629.     I  da  not  know  whether  the  Tolume  Itc  yet  piililislml. 
But  Mr.  Dairy  «aa  to  very  obliging  at  la  icnil  mc  a  oopy  of  hin  pnpur  dur- 
ing the  maana  of  1830. 
t  If  loo  mticli  bwjtci  be  added  the  oxide  of  one  b  agun  rcdiuolvcil. 
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with  wst«r)  that  is  requisite  to  naturatc  the  harj'tcs.  Shake 
the  mixture,  and  tlicn  filter  to  separale  (lie  sulpliatc  of  Iwr)-tc«, 
Biul  l)M  iIk-  Holiitiun  of  fulmiiiic-  ;tci<t  lliux  prucurvtl,  be  coUoctcd 
ijitv  luiodicr  bottle  with  »  ground  stopper. 

Fulinioic  ai-!d  tliuH  obtulni-d  is  a  culotirlvtw  and  transparent 
liquid.  iLt  Uwiv  is  at  fir^t  sweet,  which  is  followed  hy  u  par- 
ticular  aitriiigeiicy,  and  it  leaves  an  unpleasant  imprefuiou  on 
tile  palate,  and  excites  expectoration.  Its  Mnell  in  ptiii^rcnt 
and  disagreeable,  having  some  resemblance  to  tltat  of  cnnc<Mi- 
tratcd  liydrocywiic  Jieid.  U  redden.*  vegetable  blui.%  and  if 
a  blue  paper  be  suspended  over  tlie  fluid  in  a  bottlt-.  It  i^nidu- 
all)'  acquires  a  deep  red  colour,  and  a  sweiitish  astringent  taste. 
Mr.  £.  Davy  (.-onsidera  it  an  very  poisonous;  even  exposure  to 
tlio  fumes  of  it  excited  lieadaclt.  It  is  voUtile ;  when  expa«pd 
to  the  air  it  risos  in  vapour,  emitting  it'*  peeuiiar  undl,  and  if 
the  vessel  iu  wliicli  it  is  placed  he  covered  witii  a  piece  of 
glass,  nioisteued  with  nitrate  of  silver,  small  ciystuls  of  fulmi- 
nate of  silver  soon  make  their  appearance  on  it 

Folminic  acid  combine.i  witb  the  dilferent  baaes,  and  f(irm!<'a 
class  of  salts  caiieA/u/iiiiMilrx.  From  tliese  salts  it  is  ex[K'Ued 
by  sulphuric,  nitric,  phosphoric,  oxalic  acids,  &c.,  miiriatio 
acid,  even  when  dilute,  decomposes  it.  It  gives  no  precipitate 
when  mixed  witli  solutions  of  burytes  or  the  alkalies.  Rut 
Ditnitea  of  silver  and  mercur)*  form  with  it  fulmiiuites  of  these 
baaes.  Nitrate  of  silver  is  a  very  delicate  test  of  it,  forming  a 
precipitate  of  fulminate  of  silver,  even  when  tlie  acid  is  present 
in  only  a  minute  quantity. 

When  Iin4t]>re pared  fuUniuicacid  is  colourless;  hutitacquira 
a  yellow  colour  in  tlie  course  of  a  few  hours.  This  cliang«  take* 
place  whether  the  acid  be  kept  tn  tlie  dark  or  exjwwed  to  the 
light.  But  It  appears  most  speedily  wh«ti  hent  is  tijiplied. 
.When  it  becomes  yellow  its  sweet  tast«  (iinappvara,  iuhI  it 
becomes  more  astringent ;  a  very  minute  quantity  of  yellov 
powder  fitlls,  and  then  it  loses  its  pungent  odour. 

To  determine  the  atomic  weight  of  ibis  acid,  fulminating 
ulver  was  analyzed  by  Mr.  E.  Davy.     He  found  it  oompoMd  of 


Fulminic  add 
Oxido  of  silver 


5-23 
14-75 
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According  to  this  analysis  the  atomic  weight  is  5-25. 
tlic  couHtituvnu  of  fubninate  of  mercury 


He  found 


I 


Fkifanbic  add 
Oxide  of  mercory 


28-76  or    5-21 
71-24  or  13 


100-00 
Tim  nmuM  mako  the  atomic  weigbt  5-21,  which  is  witbiii  lem 
tluui  uHv  pi-r  ci'iiL  ol'  die  toriner  tiutnlivr. 

But  witL  tliis  d«termiuati»ii  llic  vxporimflnu  of  Gay-Lwwtc 
■m)  I,it-1iig  do  not  accord.  'I'licy  find  the  ntomic  weight  4-25, 
iasicud  of  5-26.  'Hie  cuiniKmiuoii  uf  the  acid}  as  detenniiied 
by  these  two  chemists,  in  n»  foHows : 

1  aliun  oyn)i()^n  .         3-2A 

1  aUmi  (isygcu  .         .         I 

■*-2ft» 

Mr.  Davy,  on  tli«  contrary,  find*  tlie  composition  a»  follows :  umiuNhia, 
S    atoms  cutIkiii  .  .  1-5 

l|  atom  uzut4>  ,  .  .  2'(123 
1  AloiD  hydruj^n  .  .  0*123 
1    atom   oxyg«o  .         .         1-000 


6*25 


llliis  uuly^  differs  from  tliat  of  Guy-LtUMC  and  Ltebig  by 
I  atom  luote  .  ,  0-873 

1    atom  liydtx)gcn        .         .         0'i25 

1- 

The  ex  peri  men  (8  of  Gay-LusHic  an<I  Liebig  seem  to  be 
Bwvc  rvHfxrctitiK  tbc  proportion  betwcvn  Uie  volumes  of  azotic 
liUid  carbonic  »cmI  gas,  wliicb  ore  obtained  wlien  lliis  acid 
decomposed  by  means  of  oxide  of  copper:  provid«l  their 
itus,  which  was  ratlier  cum  plicated,  did  not  niiilvad  them, 
loverer,  the  want  of  tdiniLirity  in  tbe  results  which  they 
btninvd,  iiifretiier  with  (lie  ci-rbiinty  that  fulniinic  acid  dilTent 
apletcly  from  the  c)-uoous  tioid  i>(  Wiibltrr  (with  which  their 
Ijnai  would  render  it  identical),  incline  m«  to  prvfer  tlio 
lytical  results  of  Mr.  Duvy,  accordiiifr  m  wliicli  the  fulminie 
diiTeni  IVom  tlie  cyanous,  by  containing  ^  atutn  of  azote. 
[  atom  of  hydrogen  n-liich  Mr.  Davy  considers  as  luiother 
itoent  t«  not  so  well  trKtabli.'ihed.  Gay-LusAacand  Uc-big 
been  at  gieut  [luins  to  prove  tlie  ikbwncv  uf  hydrogen,  and 
Jtiuk  tbuir  reasoning  ut  least  very  plausible.     I  more  than 

■  Ann.  (le  (^im.  ct  ilc  P\iy$,  uv.  i$^ 
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CMpi  t  suspect  that  in  Davy's  cxpt-rinH-tiW  a  Ultle  hyffromotricftl  m<ii»- 
ttire  may  Iiave  iDflinuateil  itself  JnU)  tlic  fulminate  befow  it  was 
beated.  I  think  Davy's  processes  were  »iin])li>r,  ajid  iberefore 
more  BUMeptibIc  «f  accuracy  llian  th«w  of  CJay-Liiwac  iuhI 
Liebig.  Hut  tho  wiuit  of  coincidence  will  render  it  very  drsira- J 
bie  tliat  tlie  iuiulysis  of  thi«  formitiable  acid  slioiild  be  repeated  " 
by  Komt'  oilier  person,  with  a  view  of  determining  on  wliicb 
side  the  truth  lies. 


BSCTtON  VI. OF  CHI^ROCl'ANtC  ACID,  OR  CHLORIDB 

OF  CVANOC.KN. 

uaiatr-  Tlic  existence  of  this  compound  was  first  recognised  by  Ber- 

tliolk't,  who  gave  it  the  iianie  oi  ikri/pntMic  acid  lU  real  nature 
WHS  first  jKccTtnined  by  Oay-l.us.sjic,  in  the  year  1815."  H« 
giive  it  tile  name  of  chlwvtytutic  iiriil. 

He  prepared  this  acid  by  pivt.'sing  a  current  of  chlorine  gas 
tlirough  a  soluttoti  of  bydroeyanie  acid  in  water  till  the  liquid 
disculourt-d  indigo  dimidvcd  in  sulphuric  acid.  He  tlien  deprived 
it  of  the  excess  of  chlorine  which  it  contained,  liy  sigiiating  it 
with  mereurj'.  To  separate  ehlorocyanic  acid  from  xWn*  Itquid, 
he  took  a  glass  cylinder,  filled  in  two-thirds  full  of  mercury  j 
it  was  then  fitted  to  the  brim  nntb  the  hydrocyanic  iwid, 
saturated  with  clilorine,  and  inverted  into  a  basin  of  mercury. 
This  baain,  witli  tlie  cylinder  in  it,  was  put  under  the  rect'ivef  j 
of  an  air<pum]],  and  the  air  of  the  receiver  Axiwvn  out  till  tlia 
whole  of  the  merctiry,  and  even  of  tlic  Utjuid,  wiw  dispUci.'tlf 
and  the  cylinder  filli-il  with  ehlorocyanic  acid  in  die  »l«te  of  lui 
etutio  vapour.  On  letting  the  air  into  the  receiver,  the  vapotir 
wna  condensed  into  a  liquid,  and  the  mercury  again  made  its 
way  into  the  cylinder,  lly  tliL-*  process,  tiowever,  tlie  com- 
pound was  only  obtained  in  a  st-ite  of  impurity.  Serullas  fint  ^ 
pointed  out  the  metliod  of  olituining  it  ])ure,  aii<t  gave  an  »ccu-fl 
rate  account  oCiXn  properties  in  the  year  lffiI7.-|- 

t^r<imiian.  It  may  be  prepared  hy  the  following  process  :  Fill  a  boUlt 
or  flask,  capable  of  holding  about  60  cubic  inches,  with  chio* 
rine  gas,  and  tlien  put  into  it  from  77  to  90  grains  of  eyanodide 
of  mercury.  As  much  water  is  now  to  be  introdnctil  'm  will 
reduce  tlie  cyanoditlc  to  »  magma ;  but  not  dissolve  it  'Jlie 
vemel  must  now  be  placed  in  the  dark,  tn  about  0  or  10 
hount  a  double  decomposition  will  liave  taken  place  ;  the  mer* 
cury  will  be  converted  into  corrosive  sublimate,  and  the  cyan- 
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conthined  witli  chlonn«  will  fill  lh«  vc«svl  in  the  ttate  of 
fc  If  tlie  fbitk  be  nuw  stirrounded  with  ft  ftveziog  mixtnre, 
reoapuMd  <(f  2  pitrU  of  niiow  tind  1  giart  of  suit,  tlic  chloride 
C)'iiii<>^!»  lA  cuiiv«'Tt4.><l  itiut  solid  crystals,  which  attach 
Fin»eh-c«  to  thr  »i<li-«  of  tlie  flusk.  While  the  fla<ik  i§  in 
freezing  mixture,  introduce  into  it  a  quaiidly  of  dry 
*ie  of  calcium  to  shaorb  all  the  water,  luid  corkttig  tlic 
I,  leare  it  in  thin  state  for  two  or  three  davH.  Then  Mir^ 
id  it  again  witli  a  freezing  mixture,  and  whi-n  ihv  chlondp 
i  cry»tal)t/cd,  withdniw  the  chlorkle  of  calcium,  and  fill  tlie 
Suk  with  nicrciiry.  previously  cooled  down  to  zcra  Introdiloe 
a  bent  tube  into  the  mouth  of  the  dask;  plunge  tlie  tube  into 
a  mercurial  trough,  uhI  c»uti<Hwly  healing  the  flank  hy  means 
ofa  fiew  pieces  of  burning  churctKiI,  jibced  near  it,  the  chloride 
^  flucs  Uld  eScrvcMM-^  luid  imjwcs  over  rapidly  into  tlic  mercurial 
DUgh,  where  it  m  to  be  rrcvivctl  in  jan  prf  viouiily  filled  with 
ry.  and  rpudy  prepared  for  the  purpoHe. 
Joride  of  cyanogen  at  zero  is  a  tnuis|)arent  solid,  which 
llines  in  long  traiKparent  needles.  U  liquefies  when  heated 
to  the  temperature  of  about  15°  or  16°.  The  gas  liquefies 
tL'm|verature  of  68*  when  exposeil  to  a  pressure  of  four 
ilwrM.  Al  iJie  ordinary  temperature  of  tlie  air  it  is 
No  alu-inpLs  tiiiv<-  In-t-n  niaile  to  determine  its  spe- 
gnirity  in  the  ga«eou8  stute.  Hut  it  '»  obvious  that  it 
iWt  Iw  the  mean  of  lh«  ^edftc  gnivity  of  cyain^'ti  aud  ehlo- 
ne  gMses,  or  12-1&27.  Its  smell  is  eXircmcly  utlensire  and 
rliterious. 
At  Die  tcmperntitre  of  68^  water  absorbs  2&  tiroes  its  volume 
ihiv  gaii,  sulphuric  ether  ubAorhs  50  times  its  volume,  and 
i^hol  100  tunes  its  vuluroe.  lliese  solutionti  may  be  pre- 
red  any  Iragtli  of  time  without  ailcTntion.  When  pure  it 
not  prccipitBtv  nitrate  of  mercury,  nor  produce  any  allct- 
I  (in  vegetable  blues.  Nor  docs  it  seem  capable  of  com- 
■g  with  ba»es ;  at  least  we  liave  no  evidence  thai  it  can  be 
Willi  tiiem.  Potash  when  added  to  its  aqueous  solutioo 
ibi  <leci>iiipo«iliuii,  curfioiiic  acid  and  nmraonia  being 
We  liurc  iherefore  no  evidence  that  it  ponesses  acid 
Itertiea.     On  that  account  the  term  chloride  of  cyanogen  is 

appropriate  name  for  it  than  chlorocyanic  acid. 
It  ha«  the  property  of  tlirowing  donii  iron  from  itsmlution.s 
fa  green  colour.    The  method  of  proceeding  is  to  pour  chloro- 
irpiiic  add  into  a  solution  of  iron,  to  this  mixture  a  little  potash 
lii  ulded,  luid,  finally,  a  Uttle  acid,  which  produces  the  prccipi- 
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chmp,  1.  tution  of  tlie  iron.  This  property  wna  rwognlticd  t»y  BcrUinllet) 
Kiid  induced  him  to  consi(t<.*r  chloride  of  tyiuiogoD  as  a  peculiar 
body. 

This  substance  is  very  caustic ;  even  when  it  comeA  for  an 
instant  in  contact  with  any  part  of  the  body  deprivctl  of  the 
»kin,  while  in  tlie  state  of  ga*,  a  feeliitg  of  grent  fam  takes 
plaee.  It  i«  «1ko  exc(-c<lingly  deltiterioiiii.  About  u  ^in  of 
itdiiMlvcd  ill  water  bciiig  introduced  into  llie  tliroat  of  a  nibbit, 
occasioned  instant  death. 
compoiuoD.  It  nffag  analysed  in  a  very  ingenioiw  manner  by  M.  Gay- 
LussaCf  who  showed  it  to  be  a  compound  of 

1  voliune  cyanogen  gaa     .         .         3*25 
1  volume  chlorine  gait        .         .         4'5 
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united  together  without  any  alteration  of  volume.*  This 
analysis  was  repeated  and  confirmed  by  Serullas,  who  employed 
pure  chloride  of  cj'HDogen.  It  is  obvioust  therefore,  that  Ita 
atomic  weight  is  7'7r»,  and  ibat  its  specific  gravity  is  tlie  mean 
of  tliiitof  it9  two  |r;i3eous  coiiNtitueuti,  or  It  IS  the  atomic  Weight 
multiplied  by  02777.  Var  0-2777  X  7-75  =  2-152/,  which 
is  exactly  the  mean  of  that  of  the  two  con.«titui^nt8.t 

SECTION  VII. OF  PERCULoniDB  OP  C^'ANOGEN. 

BiMn.  This  compound  was  also  discovered  by  M.  Serullas,  by  pro- 

secuting the  experimentjt  detailed  in  the  hist  section.  It  may 
be  obtained  by  the  following  process : 

mvuium.  .  Fill  a  bottle  capable  of  holding  about  65  cubic  inches  with 
Ary  clilorine  gas,  and  after  putting  into  it  about  15  gnins  of 
pure  liquid  hydrcnryanic  iieid,  shut  up  the  moulli  of  the  boUlfi 
with  a  ^ound  utopper,  expose  it  to  tlic  cliroct  rays  of  tlie  suit. 
-The  colour  of  tlic  chlorine  gradoally  dis<ippe:aTS,  and  n  colour- 
less liquid  like  water  begins  to  appear  on  ihe  Kiiles  of  tlie 
bottle.  Tin*  liquid  griidimlly  thickens,  and  at  last  solidifies  into 
a  while  matter  interspersed  with  small  brilliant  crj'stals.  The 
bottle  must  he  allowed  to  remain  three  or  four  days  before  it 
be  opened,  in  order  to  be  «ure  that  the  deeomjio«ition  bus  been 
carried  far  enough.  Then  tite  buttle  being  opened,  the  nn- 
rintic  acid  gas  is  to  be  blown  out  by  means  of  a  pair  of  bellowa; 
Then  introduce  a  little  water  and  a  good  manv  IragineiiU  of 
glass,  in  order  by  agitation  to  detach  the  solid  matter  from  the 
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iea  of  the  reiBwl.  AgiUitc  well,  then  throw  tlie  wliole  con-  (^mvi. 
enw  into  a  diitli ;  pick  out  the  pioww  «f  gUws,  and  bn'iik  Hui 
rliitt*  mattt'r  u'itli  a  glasi  rod  to  allow  it  to  hv  wtisliod.  Wusli 
twit  or  tbn'f  times  with  small  cjuaiititit.'s  of  cold  water.  Press 
thr  whit4-  matter  thus  washed  between  folds  of  blotting;  paper 
to  make  it  as  dry  as  pitKsihk-.  Introduce  it  now  into  a  small 
Klort,  and  heat  it  till  it  fusea.  Then  distil  it  over  into  the 
Kceiver.  It  puniifif  oviT  in  tliv  Ntatc  of  n  trj|[ihpur<-iit  oolonr- 
len  liquid,  which  cry)^t»lliz«'8  in  tlii;  beuk  of  tht.-  rt-Iort  uiiil  in 
th«  nMsrivttT.  To  render  it  quite  pitro  it  oiiglit  to  bv  distillvd 
I  second  timv. 

Percbloride  of  cyanogoo  thus  obtained  is  a  v«ry  white  sub-  Prorwu* 
*tance,  which  crystaltties  in  needles.  Its  odour  is  strong  and 
dingreeable,  and  excites  tears,  especially  if  the  pi?rcLlonde  be 
heatetl.  Serullas  com|KireK  the  «mell  to  that  of  viiee.  Ifg  taste 
«harp,  but  not  .iirurig.  Its  specific  gravity  is  about  l'-1'20. 
tocltit  when  heated  to  264°,  and  boils  at  the  temperature 
■  374". 

It  is  very  little  M)lublc  in  cold  water.  Hot  water  diwolvtss 
Ek  much  b4-tt4^'r,  and  the  solution  speedily  umler^ocs  dccompo- 
flition,  being  converted  into  muriate  aiul  cyanic  add.  Tlic 
I  aune  decomposition  takes  place  slowly,  if  the  perchlondc  he 
'left  iu  contact  witli  culd  water.  Twoatoms  of  water  luc  decom- 
posed, the  hy<lroK«n  of  which  converLs  tlie  chlorine  into  mu- 
!  acid,  whil«  the  oxygen  converts  tlie  cyanogen  into  cyanic 
M. 

Pcrchloride  of  cyanoffcn  diwolvcs  readily  in  alcohol  and 

ther.     It  is  u  verj-  virulent  poiiwn — u  grain  of  it  dissolved  in 

Jcohol  being  introduced  into  the  o^iopbugus  of  a  rabbit,  cauHcd 

il  death.      ,\notbcr  ^uin  wiw  put  iiilo  :J0  grammes  of 

Br,  which  was  filtered  to  scpiinite  the  uniliwsolvcd  jiortion, 

then  given  to  another  tsbbit.     The  animal  died  in  2d 

dnutet. 

M.  Senilbw,  in  order  to  determine  its  composition,  mixed  a  caaivmiuaa. 

tion  of  it  with  caustic  potash,  then  heate<l  it  with  an  excess 

"nitric  aciil,  and  threw  down  the  chlorine  by  means  of  nitnitc 

I  silver.     I'i-'ia  grains  of  it  were  found  to  yield  nine  griung 

r  chlorine.    To  determine  the  other  constituents  it  was  heated 

Ivfth  oxiHe  of  oopp«r>  and  the  proportion  of  carbonic  acid  and 

I  votic  gases  evolved  me^ured.     Though  this  Uist  ptirt  of  the 

[analy»i'4  did  not  eome  out  correct,  yet  from  tlie  way  in  whicli 

ihia  iH^rchlortde  is  decomposed  when  it  is  left  in  cuiitJict  with 

water,  and  from  the  quantity  of  chlorine  which  it  contains,  there 


240  Ct'AKfH>F.K  ACIDS. 

I  <*T-''  of  cyanogen.  ToobUun  it  quite  pureilisnecessirj-  tosruWime 
them.  'HiU  vm  <tonc  by  ]iiittiii|r  ihcm  into  tlic  bottom  of  h 
long  glass  tubtr,  shut  at  one  end,  winch  vrsa  plunged  in  boil- 
ing water,  and  kept  in  it,  while  the  upper  part  of  the  tube  was 
bent  a  Utilir.  The  iodide  gnidiinlly  sidilimed  into  tb<-  upp^r 
part  of  tlitt  tube,  wliilc  some  iodide  of  mercury  rvnuuned  at  tie  ^ 
bottom.  ^1 

TnfHiit^  Iodide  of  cyunogen  thus  obtAincd  is  wbilo,  and  w  crytttnlli/oii 
in  very  slender  but  loiig  needles.  Its  smt-ll  is  powt-rful,  irri- 
tating the  eyes  and  causing  a  flow  of  tears.  Its  taste  is  e.Yces-  fl 
Hvely  caustic.  Its  specific  gravity  is  greater  than  thai  of  sul- 
phuric acid,  tlirough  which  it  falls  rapidly.  It  it  volatile,  and 
may  be  oipnsi-d  to  a  higher  temperature  tlian  tliat  of  l>iHt- 
ing  water  untboul  undergoing  dccainjxwitiun.  When  tbrown 
on  burning  coaU  violet  vajioiirs  arc  ^ven  out  in  itbutidance. 
It  is  soluble  in  water  and  in  nlcoboL  Tliesc  solutions  produce 
no  alteration  on  vegobible  bhies.  When  caustic  potash  ii 
added  to  the  acjueous  solution  the  iodide  is  immediately  decom- 
posed, hydrioitiitc  mid  hydroeyanate  of  potash  being  formed. 

Nitric  acid  lias  no  action  on  it.    Sulphuric  acid  is  not  imme- 
diately affected  by  it.     But  after  a  certain  time  it  acquires  a 
red  colour,  and  iodine  is  predpltated.     Muriatic  acid  decom-  M 
poses  it,  i«<l!ne  being  precipitated,  and  hydrocyanic  acid  formc<L  S 
SnlphuroiM  ac!<l  decomposes  it  immediately.     Iodine  It  dlwn- 
gnged,  and  hydriodic  acid,  hydrucy-uiic  add,  andKulphuncacHl, 
are  formed.     It  U  obvious  alwi  from  the  phenomena  dcscribedl 
hy  Serulhis,  that  snnie  sulistaiicc  anutogous  to  chloride  of  ej'ail-] 
ogen  is  formed,  as  siilpliate  of  iron  is  precipitate  green,  after 
kll  the  sulphurous  acid  and  hydrocyanic  acid  ha.s  been  driven 
off  by  heat.    If  sulphurous  acid  gas  he  quite  dry  it  luis  no  action 
on  this  iodide  ;  the  presence  of  moisture  w  ncccwaiy  befoi«  the 
action  lakes  place.    Neitlier  liati  dry  chlorine  gna  any  action  i 
it,  ut  least  sit  the  ordiuary  temperature  of  the  atmosphere. 

SeruHiis  maile  a  set  of  experiments  to  determine  itK  compo*! 
sition  by  ascertaining  the  quantity  of  iodine  which  it  contaiiu^ ' 
He  found  that  one  part  of  the  iodide  coiilnin^  0-8056  pari  of' 
iodine.     According  to  tliis  result  itn  composition  is 
Cyanogen         .         .        .         3^5 
Iodine  .         .         .       13*55 

Tbougli  the  quantity  of  iodine  obtained  ia  ratlier  le«s  than  i 
atom,  yet  considering  the  striking  analogy  wliich  tim  substance 
bears  to  the  ch[uri<lt-  of  cyanogen,  there  can  be  no  reasonable 
doubt  that  the  true  compttsition  is 
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1  atom  cyanogen 
1  atom  iodino 
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19 
aaA  that  ita  atomic  weigtit  u  \Q.* 
^^  TKU  io(li(t«  seems  tnucli  lewi  Heteteriotis  than  either  this 
^Bnnulr  or  cLliifiile  of  cyanogen.  Serulla.'i  taste*)  it  repealeclly> 
^Biil  both  be  luiii  !teveral  oilier  individuals  were  expoiied  to  tlie 
^HkBMB  of  it  witlioul  experieticing  any  other  inconvenience  l)ian 
^B  prostration  of  Htn'iigtli,  and  tliv  diauj^rceable  irritutioii  witli 
^■rliich  h  affected  the  eyoa. 

^H  HecTION  X.^-OF  HYDnOfiULPHOCYAKIC  ACID. 

"     This  aeid  was  diBcovere<l  by  Mr.  Porrett  in  1808,  and  an  hhic«t. 
■ccount  of  it  publisJied  by  him  soon  after,  under  tlie  name  of 
fnummt  aad,  beeauM  he  coDsidered  it  ai  differing  from  eom- 
pnuric  acid  by  containing  leis  oxygen.f     Me  afterwards 
ed  tJtat  it  contained  sulphur,  ami  jiublUhed  a  detailed 
t  oril9  properties,  in  tlie  year  1^14,  under  tlu:  name  of 
ckj/asic  arid,    considering  it  iW  u  compound   of 
ante  acid  and  siil]ihur4 
nt  though  it  !■  to  Mr,  Piirr»'tt'«  ing^eniouti  e;tperimont*  that 
Ae  cltetniAbt  of  Great  Dritiiin  and  France  were  indebted  for' 
their  first  knowledge  of  this  add,  it  appears  from  ii  paper  of 
Ber^elius^  that  it  was  known  long  before  in  Germany,  though 
hail  (trauii  but  lilde  of  the  attention  of  chemists.     In  a  pnper 
iDblbhed  by  Wijiterl  in  1790  on  the  mode  of  preparing />nf«- 
qf  j/nttuh,  he  siffirmed  that  if  tlie  mixture  of  Mood  and 
from  which  tliU  prussiate  is  mudi-  he  chiirrcd  without 
;irw  to  II  red  heat,  a  new  compound  is  formed  which  may 
rxtnicted  by  itlcoliol.     This,  he  xiiys,  is  a  compound  of 
and  II  n«'W  lu-id  which  he  callit  arid  of  blood    (btitt- 
•t),  and  ii'hicli  he  tudil  mi^ht  be  thrown  dotcn  in  the  form 
of  a  white  powder  by  means  of  muriatic  acid. 

Bucholz  found  in  17!>9  that  if  pnt><«iate  of  potash  be  dis- 

tiUed  witli  sulphuric  acid,  we  obtain  tonitrds  the  end  of  the 

acid  which  has  the  smell  of  the  hydrocyanic,  but 
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'Aon.  lie  CStim.  e(  de  Pbjrf.  xx%i\.  IS4. 
f  ISiUidMil  in  ih«  miJi  volunio  of  iho  TVariMctioD*  of  the  Society  for 
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which  colours  fvmig;inoiis  salta  red  unthouc  occuMoniiig  xny 
prccipitiile  in  them.  He  considered  tliis  new  acid  )u  a  ntodifi- 
cntioii  of  hydrocyanic  add,  and  thoufj^lit  tlmt  It  miglit  he 
obtained  by  the  action  of  alcohol  on  ordinary  prns'^iiili^  of 
[jotash. 

In  1804  Rink  repeated  the  cxpcrimcnto  of  Wiitter).  He 
found  that  be!>ide4  uoininon  pntwiiate  of  potasli  anotlier  suit  H 
obtained  nolidile  in  nlcohol.  Tlif  projierlies  of  which  be 
dcscrilw-i,  nnd  from  bis  dcHcription  it  is  obvious  lliat  ilie  acid  <rf 
this  ndt  wtis  precisely  the  some  as  tbc  sulphocliyuzic  avid  «f 
Porrctt." 

Mr.  Porrctt's  process  for  obtaining  this  add  vns  very  oom 
plicated  and  tedious,  hut  in  1817  GrottliuM  proposed  another 
which  b  much  easier.l  It  consiitted  in  mixing  ferropnigstnte 
of  potash  and  suEphur,  and  fusing  tlie  mixture  in  aii  open  cru- 
dble ;  an<l  be  recommendit  expoung  the  mixture  to  a  very  hi^li 
temperature. 

Soon  after  \^ogel  repeated  the  experiroenta  ofGrotthitas,  and 
found  that  his  proceitft  ituccvt-ded  v<^ry  well,  but  tliaC  the  mix- 
ture ought  not  to  he  exposed  to  so  hi^li  a  u^mperature  as  Grot- 
tluiMS  hud  proposed.  He  rocommendrt  to  fuse  tlie  mixture  of 
fciTopnissiBtc  of  potiudi  and  sulphur  in  a  pUiaL,  and  to  keep  it. 
in  fusion  during  half  an  hour.;!: 
i1  Berzelius  made  a  set  of  experiments  to  determine  the  tcnft- 
pCTDturc  necessary  for  causing  a  cumbituition  to  toko  phce 
between  tbc  cyanogen  and  the  sulphur.  He  found  that  it 
commenced  us  soon  as  the  sulphur  began  to  melt,  luid  that  it  was 
speedily  completed.  If  the  mass  was  kept  in  fusion  tlmt  por- 
tiou  of  the  sulphocj'anogen,  which  was  in  combiimtion  with  ibe 
iron,  underwent  decomposition,  and  sulpliuret  of  iron  was 
formed. 

The  process  by  wliidi  this  acid  may  be  most  conveniently 
made  is  the  following:  Mix  togetlier  intimately  by  trituration 
equal  weights  of  flowers  of  sulphur  and  forrojirussiateofpotul^ 
previously  deprived  of  itiii  water  and  reduces)  to  a  fine  powder, 
«i)d  fuse  the  mixture  over  a  spiriulimip  at  a  t(fm|>cratUTe 
appruachiriff  to  u  red  beat.  Mlien  the  fused  mats  bus  bei'otne 
cold  dissolve  it  in  water,  and  drop  into  tbc  solution  caustic 
pota.«li  (ill  tlie  oxide  of  iron  lias  been  all  thrown  down.  It  b 
tlien  filieretl.  F.vaporalc  the  colourless  liquid  thus  obtained  to 
dryness,  and  dimolve  the  dry  residue  in  as  little  water  as 
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itc»t  portion  of  dti-i  iiubsiaii«e  predpilaki^miPiwiii'n 

I  oooU.  TW  prt>Hen«.-  of  Miipliur  in  «nhiiion  in  it  nuty  lie 

I  by  ititiatc  of  silver,  whicti  tlii;  acitl,  wliilit  ptiro,  throws 

Ittbt  I  but  the  colour  of  the  preciplUiU!  in  ilark  when 

contains  sulphur  (liiuolvod  in  it.     It  eryaUUixe*  when 

jdou-Q  to  lh«  letnpcmtiire  of  14°.     It  boila  at  the  tem- 

p  of  216^°,  uod  uttluit  tompcruUire  it  tscoim>rtcd  into 

bat  uot  iiito  gM.     When  (he  uciil  i»  tlironii  iniou  red 

ilium  cnicihlCf  Hulphur  is  (lis«rif^f;iti,  and  at  last  liiiriis 

bltte  Itimc.     M.  \'o>r(>)  passed  the  acid  ttirouj|;h  u  n:A 

bituin  tulas  luitl  obbiined  nt  the  brthor  end  of  it  sulpliuri 

llphocyanic  acid  un(lt?«om{HMed,  and  hydrocyanic  acid, 

ptu  partly  wttunitcd  uith  ammonia,     ll'  tlic  tube  be  filled 

m  turnings,  Hulphuret  of  iron  is  formed,  and  hydrocyanic 

1  sulphuretted  hydrogea  disengaged.  .  4>i 

bUos  proposes  tlie  following  us  the  eu«o«t  method  of 

1g  Hoa  acid  diluted  n-ith  water  :   MLt  tlie  sulphocjanate 

Muni  with  nitrate  of  silver  or  nitrate  of  mercury.  Wash 

dpituto  and  mix  it  while  ><titl  moist  with  water,  through 

a  current  of  Milphurcttcd  hydrogen  gas  b  to  he  passed. 

Iver  or  mercury  is  converted  into  Kulphuret,  while  th« 

tUpiiocyanic  acid  fttssolvea  in  water.     We  may  get  rid 

sulphuretted  hydrogen  remaiiiinji;  in  the  li(|U>d  eitlier 

entle  e\'apuralion,  or  hy  adding  small  quuntitiet  of  the 

J  precipitate  kept  for  the  purpose  till  tlie  hepatic  AincU 

eon.    Should  this  acid  over  be  introduced  into  medicine, 
■t  I.,  ■.■■■■■.ill....,  .1. ^— :i.. 
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Q***-  that  peroxide  of  iron  is  capable  of  detectang  a  very  minate 
qnanUty  of  this  add. 

Hydrosulphocyanic  acid  when  left  to  itself  ondergoeB  gn- 
dual  decoroposition ;  a  broTn  liquid  being  formed,  while  a 
yellow  matter  precipitates.  Chlorine  decomposes  it,  producii^ 
the  same  yellow  matter  and  hydrocyanic  acid.  When  decom- 
posed by  the  galvanic  battery,  hydr<^eii  is  evolved  at  the 
negative  pole,  while  cyanogen  and  the  yellow  matter  appear  at 
die  posiUve  pole. 

Tbia  acid  was  decomposed  in  a  very  ingenious  manner  by 
Mr.Porrett,*  and  his  experiments  have  been  confirmed  by  those 
of  Berzelius.f     The  constituents  are 

1  atom  hydrc^en  .         .         O'lSS 

2  atoms  sulphur  ,         ,        4*000 
I  atom  cyanogen               .         .         S-250 


7-376 

So  that  its  atomic  weight  is  7-375. 

There  can  be  no  doubt  that  the  compounds  whi<^  it  (a/mm 
with  the  bases  are  destitute  of  hydrogen,  and  that  the  bases  are 
in  the  metallic  state.  These  compounds,  therefore,  constitnte 
in  &ct  ndphocyanodides.  Hence  hydrosulphocyanic  add  must 
be  a  compound  of 

1  atom  sulphocyanogen         .         .         7*25 
1  atom  hydrt^en  ,         .         .         0-125 


7-875 
Sulphocyanogen  then  must  be  the  radical  of  this  add,  and  it  is 
obvious  that  it  must  be  a  compound  of 

2  atoms  sulphur  ...         4 

1  atom  cyanogen  .         .         ,         3-25 

7-25 
^g*  From  the  experiments  of  Wiihler  compared  to  those  of  Liebig,| 
there  is  reason  to  believe  that  the  yellow  matter  whidt  makes 
its  appearance  when  the  acid  is  decomposed  by  galvanism,  con* 
stitutes  this  radicaL  Liebig  obtained  it  by  mixing  together 
one  part  of  a  concentrated  solution  of  sulphocyanodide  of  potas- 
sium, 3  parts  of  water,  and  from  2  to  2^  parts  of  nitric  acid  of 
the  speinfic  gravity  1-42.     This  mixture  soon  deposites  a  good 

•  Annala  of  Philoaophy,  xiiL  105. 

t  Kong.  Vrtens.  Acad.  Hondl.  I8B0,  p.  89. 

t  Ann.  de  Chim.  et  de  Pbyi.  sli.  190, 
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nhmte  of  poMsli.  If  the  liquid  be  decanted  nflT  liieae  (><uvi, 
s,  uid^ntly  heated,  it  speedily  effen-efloes  with  vbleiicc, . 
ide  of  Bzote,  carbonic  acid  gas,  cyanogen,  .-uid  liydro- 
acid  arc  exhaled,  and  the  yellow  matter  is  depositt-ii  in 
A  CHirent  of  chlorine  passed  through  the  hot  solntioii 
ihocyaiiodide  of  potassium  causes  the  precipitation  of  a 
leal  of  the  yellow  matter. 

I  yellow  matter  when  drii'd  diiniiiuhcs  very  mnch  in  bulk. 
1  Roft,  and  colours  the  Hkinwitli  grL>»t  intensity.  ItrvtAins 
with  great  olMUiniicy.     Woblcr  considers  this  yellow 

a«  a  hydrusuljihocyanogcn  ;  but  1  think  that  the  exp«- 
8  of  Liehig  luive  »hnini  that  it  conttuns  no  hydrogen. 
the  ■luilyHut  of  it  by  thin  last  chemist,  I  have  no  doubt 
U  u  compound  of  '2  atoms  sulphur  and  I  atom  ej'anogeii. 
t  tlirrcforo  be  the  radical  of  hydrosidphocyanic  acid. 
>hocyanogcn  ts  insoluble  in  water  and  alcohol.  It  may 
iluoed  when  anhydrous  (at  least  the  greatest  part  of  it) 
it  undergoing  decomposition.  Xitric  acid  decomposes  it, 
ric  acid,  carbonic  add,  and  ammonia,  being  )iroduL-(-«L 
irk  add  (ttMolvea  it  without  alteration,  and  water  again 
itntes  it  from  the  Mtiiition.  A  aolutiou  of  caustic  potash 
OtduBolvp  it,  but  it  cliangrs  itt  colour  to  red,  and  If  we 

off  the  alkaline  solution,  alcohol  <lwMolvfs  about  oiie-liolf 

red  matter.  Vliat  remains  iindiKwIved  lias  a  yellow 
,  Liehi^  considers  it  as  a  sulphocyanagen  containing  a 
r  quantity  of  sulphur.  By  Licbtg's  analysis  the  compo- 
oS  this  yellow  matter  is 

tCyanogcu         .         .         3-25 
Sulphur  4*  111 

it  excess  of  sulphur  may,  without  scruple,  be  con- 
1  as  owing  to  inaccuracies  in  the  analysis. 

TIOX  XI, — OP  HYDROSULrUUnETTEO  HYOEOSVLPHO- 

CYANIC  ACID. 

»  double  acid  wa»  discovered  by  M.  Zeise,  during  his  hmoit. 
ches  on  the  alterations  to  which  bicarburet  of  sulphur  is 
led  under  peculiar  drcunislanwii."     He  obtained  it  by 
Iknring  pt-oceiw: 

imte  absolute  alcohol  witli  as  much  ammoniacal  gas  as  it 
Morb  at  tlie  tempetaturc  of  50^.  Mix  it  witli  H-4  of  its 
d  volunc  of  alcohol,  and  with  0'I6  of  tluit  volume  of 


•  Atm.  de  Chioi.  et  ik  Pby«.  xavU  Tf. 
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bicurburel  »f  Hu!|iliur.  llic  mt^ctiirv  shoiiUl  be  made  in  a  phial, 
wliicb  ought  to  be  completely  Rlk-d  with  it.  Lrt  lb«  fibial  be 
well  stopjtcd  and  k«ptin  thv  tcmpcnttiirpof6Q°.  Witliiuabont 
an  hour  and  a  half  a  salt  fiiik  in  crystals.  11ii»  sdt  is  a  com- 
bination of  siilpliuret  of  ammoDiiim  with  bicarbiiret  of  Milpliuf. 
i'ilt«r  the  li<]iiid  as  rapidly  as  possible  tliroiigh  a  clutli  into  ^ 
another  phial,  which  must  be  hormotically  sealed,  and  after  H 
faiiring  been  kept  for  six  liours  at  the  temperature  of  60°  is  to 
be  cooled  down  to  4(1°,  iiikI  then  phuigi-d  into  a  muttur*  of 
snow  and  milt.  By  this  treatment  another  salt  is  obtained, 
which  is  a  combination  of  sulphuret  of  ammoiiiom  with  hydro- 
sulphocyanic  acid.  Separate  this  sail,  wa&Ji  it  with  » liltk-:dcoliol 
cooled  do  w»  to  33,  and  tlien  [irei«i  it  between  the  foldsof  blotting 
pi^er.  Dinwlve  it  in  three  lime!<  if*  weight  of  wnte r,  and  sdd 
to  tbe  solution  muriatic  acid  orsulphuriciictd,  diluted  with  twice 
Its  weight  of  water.  After  the  liquids  have  been  well  mixed, 
pour  in  at  once  a  great  iguanticy  of  water,  an  oily  looking  mat- 
ter ia  collected  at  the  bottom  of  the  vessel,  which  is  Ajfdrwtit- 
pAuretted  hydrosnlphon/nnic  arid. 

This  double  acid  is  colouHem;  but  n-ater  decoinpo««8  it  m 
rapidly  tliut  M.  Zei»c  could  not  examine  its  properties,  %\'ben 
it  is  placed  iii  contact  with  a  metallic  oxide,  the  oxide  is  imme* 
diately  reduced  to  a  stdpburet  which  combines  wiib  the  hydr»- 
Stilphocyanic  aci<l.  Thus  it  appears  that  hydrosulpbocyanic 
acid,  lliough  iiiciipahle  of  uniting  with  an  oxidi/ed  base,  enters 
into  combination  witii  u  i^ulphurcttcd  Ivue.  If  we  heat  the  salt 
the  hydrogen  of  the  acid  unites  to  the  sidphur  of  Uic  hose,  and 
flics  off  in  tlie  ntate  of  cnilphuretted  hydrogen  gas,  while  a , 
metallic  sulpliocyanodide  remains. 
Tlii*  double  m-xA  is  a  compound  of 

I  atom  suljihuretled  hydrogen  .  .  2-I2& 

1  atom  hydroaulphocyanic  acid         .        .         7-375 


doubl 


g*&oo 

i  acids  de- 


Its  utomic  weight  is  9>5 ;  and  like  various 

scribed  in  the  class  of  oxygen  acids,  it  only  saturates  as  much 

ba«e  as  cither  of  its  constituents  would  do  if  in  a  sejwrate  state. 

secrioK  XII. — or  hydsobisulphocvakic  acid.  1 

*l1iis  compound  add  was  discovered  by  M.  Wiihier,  aiKl  1 
notice  it  here  though  tbe  investigation  of  it  is  still  lery  incom- 
pli-le,  to  mnko  the  reader  aware  of  the  numerous  compunnds  into 
which  eyimogen  and  sulphur  enter. 


DISULPHDRET  OF  CVANQOKN. 

^^Iieii  Eulphaoyaiiotliile  of  inurcury  ii  gently  heated  in  sul- 

^hnrctiiNl  hvilrc^n  gna,  «r  iii  miiriativ  act<l  gas,  it  uiidergOM . 

Vt-uRijinsitiou.  mtti  »til|iiiuri>t  or  cbloriHit  of  mercury  is  formed, 

;eU)«r  wiiLi  a  litguirl  wliiuh  is  dcpoHitod  iti  tlic  cuMt^t  jmrt  of 

vcwel  ill  (lro|M.     'Ilicy  arc  at  firKt  coloiirlvw ;  but  noon 

DO  yellou',  aiul  furm  Hinall  tmiisparviit  crystals  f^upcd  in 

ThvM  crystals  grudiia]ly  undergo  BpoiilaniM>us  dccom- 

NMidou,  liydrocyuiiic  add  being  gWen  out.  and  an  orange  yel- 

opeqnr,  suWance  reiDains,  u-liicli  i^  inuiluble  in  water. 

Viihlcr  considers  this  matter  m  a  compound  of 

1  atom  liydmfren  .  .  0*123 

4  atoms  aulptiitr  ,         .  8 

1  atom  cyano^u         ,         ,  9^5 


OtmVl. 
ft.  ma. 


11378 
'  tlita  opinion  ba.1  noi  yet  been  establiftbod  by  nnaljuti.  It 
ocrtaJn  ut  IriL'^t  tliut  it  contains  liydrugvn,  lunl  murv  siiljiliur 
I  oaista  in  hydrosiil[>bocyaiiic  actd.  For  wbt-ii  Imitcd  with 
rinn  Acurabiniiiiun  tuki-spluccwithtbe  evolution  of  li^lit, 
gaa  is  givpu  out,  and  the  product  is  a  mixture  of  huI- 
pltur  and  sulphocyunodide  of  potasnum.  The  radical  of  this 
^udd  has  not  yet  been  obtained  in  a  separate  state ;  but  if 
^K^ohler's  opinion  be  correct  it  is  doubtless  a  compound  of 
^^^^b  4  atoms  sulphur  8 

p   ,.„„  .  .  .„ 

■udi 

P     T! 


11-25 
,  its  aUMnic  weight  is  1 1-25. 


SECTION  Xm. — OF  DISn-PIIUnET  OF  CYANOUES, 

TIlis  is  «  compound  discovered  in  1838  by  M.  I.a>saigne,  BMcvr. 
anil  descrying  to  be  described  on  account  of  it*,  curious  proper- 
tie*.*      It  was  otitaiiieil  liy  tkc  following  proc«!is : 

Into  a  snuill  globular  glass  vessel  some  cyanodide  of  mercury  rnrumuon, 
wmt  (Kit,  nfier  having  been  previ»u.sly  reduced  to  it  fine  ])Dwder, 
and  over  it  wii^  poured  about  half  its  weight  of  bichloride  of 
sulphur.  I1ie  vcnscI  w»s  tlnni  closed,  and  lelV  for  a  fortnight 
cxpcwrd  to  tite  nrlion  of  lii;lit.  A  number  of  Mnall  crystals 
WCTV  gradually  deposited  ou  the  upp«r  [lart  of  the  glnits.  There 
Tviuained  at  the  bottom  of  the  gloss  a  considerable  qitandty  of 
•  sublimate,  mixed  n-itli  a  yellow  coloured  matter.  'Ilie 


*  Ann.  Ac  Chim.  et  <lc  Phjv.  xxxiv.  107. 
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f^"^  L  crystals  were  purified  by  mixing  tliem  with  a  quantity  of  cai^ 
bonate  of  lime,  and  then  subliming  them.  When  thus  purified 
they  possessed  the  following  properties : 

fmaOm.  The  substance  is  transparent  and  colourless,  and  tbe  crystals 
are  rhomboid&I  plates,  similar  to  those  of  chlorate  of  potash. 
When  a  rery  minute  portion  was  applied  to  the  tongue,  it 
occasioned  as  much  pain  as  if  a  sharp  instrument  had  been  thrust 
into  the  place.  The  part  touched  became  red,  and  continued 
punful  for  some  time.  It  has  a  strong  sme11,-Bomewhat  similar 
to  that  of  chloride  of  cyanogen.  It  is  so  volatile  that  it  sublimes 
of  its  own  accord  in  close  vcsseb,  at  the  ordinary  temperature 
of  the  atmosphere.  When  esposed  to  the  light  it  becomes 
yellow  in  a  few  weeks,  and  finally  orange,  without  losing  its 
chemical  properties. 

It  dissolves  readily  in  water,  and  is  still  more  soluble  in 
alcohol.  The  aqueous  solution  strongly  reddens  the  tincture 
of  litmus ;  but  the  alcoholic  solution  produces  no  change  on 
litmus  paper,  till  it  has  been  exposed  for  some  time  to  the  air, 
when  it  becomes  red.  It  appears  to  have  the  property  of  com- 
bining with,  and  neutralizing  the  bases,  and  therefore  is  entitled 
to  be  considered  as  an  acid. 

It  is  decomposed  by  galvanism,  sulphur  being  depouted  at 
the  positive  pole,  and  hydrocyanic  acid  at  the  negative  pole. 
When  potassium  is  placed  in  contact  with  it,  a  combination 
takes  place  with  the  evolution  of  heat  and  light,  sulphuret  and 
cyanodide  of  potassium  being  formed. 

Lassaigne  determined  the  proportion  of  sulphur  which  it  con- 
tained, by  uniting  it  to  potash,  and  calcining  the  salt  with  six 
times  its  weight  of  saltpetre,  in  a  silver  crucible.  Hie  mass 
was  saturated  with  nitric  acid,  and  precipitated  by  miutate  ot 
barytes.     He  obtained  as  a  result, 

ccHpmmca.  Cyanogen         .         .         .  76*8 

Sulphur  .         .         .  24-2 

100-0 
Now  this  approaches  very  nearly 

1  atom  sulphur  .         .         S 

2  atoms  cyanogen         .         .         6-5 

8-6 
It  would  appear  ^m  thb  that  it  is  a  compound  of  1  atom  of 
sulphur  and  2  atoms  of  cyanogen,  and  that  its  atomic  weight 
is  8-5. 


SECTION  XIT. — OF  fiELENIOCTANOCiEN. 

TIiUcoin|)aiin«I  was  discovered  !>)'  Hen!elius.Bndina(lekiiown  umb;. 
(o  the  chemicul  world  in  liU  [naper  on  bydrosulpliocyaiiU:  uvid, 
fttready  rererrod  (o."  The  pniceas  employed  for  foriojiig^  it  wis 
the  Mmc  OS  that  wliicli  Htiix-LH-^tK  in  forming  liyclrosulphocyani« 
■cid,  only  sulwtiliitiiiji^  sflenium  for  Hulphur.  When  »  mixture 
of  selenium  and  anliy<lrKU«  forropnissiaU'  of  potaKti  i%  lii<«tod, 
it  fuses,  iiud  we  obtain  a  substance  soluble  in  water  mid  nlcohol. 
When  we  evnpumte  tlie  solution  we  obtiiin  ery»tuls  exactly 
iimiLir  to  tho«w  of  sulpliocyan«di<le  of  pota^um,  of  which  they 
late  exactly  the  (aste,  but  they  an^  ratliermore  soluble  in  water, 
md  deliquewe  more  i^iieedily  in  a  inoJHt  atmosphere.  This 
■Alt  contains  neilber  water  nor  hydrogen. 

Bot  though  tlii-H  wilt  is  permanent,  and  tliough,  doubtless, 
odier  aalU  cimtaininfr  seleniocyanofrvn  may  be  formed  by 
doable  deootn}MRiiiiin,  yet  Ik-rjidiiu  wa»  unable  to  obtain  tlie 
M-lrniocynnn^n  in  a  wparate  stale,  and  far  less  n  hydnwele- 
DM>c)'»nie  aeid.  'NVlien  an  acid  ^\as  added  to  llie  »aliiie 
wlullon,  tlie  fteleniocyanogen  always  underwent  deitimpntfilion, 
irleiiium  Itf'utg  prisripiUited,  and  when  the  mixture  vniH  di»lilled 
aa  tkcid  whatever  rame  over.  At  tlie  commencement  of  tliu 
illation  {when  sulphuric  aeid  was  mixed  with  the  solution 
of  tht  salt)  die  liquid  had  a  most  powerful  and  exeessively  d»- 
■^recable  smell ;  hut  as  it  ])o!tsessed  no aciil  properties,  hecon- 
ridera  Uus  sjnell  as  proceeding  from  a  combiuation  of  selenium 
and  sulphur,  a  compound  not  yet  known. 


I 


SECTION  XT. or  IIVDROrERRIKTANIC  iCID. 

The  MiJt  formerly  known  by  tlie  names  of  pHloffUticaltd  \vav*% 
fatikaiif  pnugiate  t/f  ftola»Ji,  &ad  J'crropmsxiiUe  qf^  potanJi,  was 
ditcovered  by  Macqiier,  luid  was  originally  em[>loycd  to  detect 
the  presence  of  inni  in  liquids.  It  was  introduced  into  calico 
printing  a  good  many  years  ago,  in  consequence  of  which  il 
uoa  bef^i  to  be  pre|Hired  in  large  quantities  by  tiie  chemical 
BMMiufaciunTS  in  this  country.  Tlie  tint  man  u factory  of  it  vm 
flMnblislied  at  Cam]»ie  near  Glasgow,  by  Charles  Mucintush, 
Cm|.,  where  it  is  still  prepared  in  large  quantities  and  very 
pure.  The  process  consists  in  burning  the  hoofs  of  cjiitle  mixed 
wttli  saltpetre  in  iron  pot*,  lixiviating  what  remains  allerthUprcH 

Kiind  ■«-iiing  the  liquid  n»idr  when  sufltcienily  eonccntruted. 
liluJerystalsof  tlie  fcrroprussiatcare  formed  in  large  group*. 
*  Kongl,  Vcteni.  Acad.  llontU.  IfiSO,  p.  »7. 
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""p-*-         This  salt  has  a  fine  yellow  colour,  is  transp&Tent,  and  when 
p„„,i^^    held  between  the  eye  and  the  light  it  appears  greeo.     It  is 
■""■^         crystallized  in  four-sided  plates  with  bevelled  edgea.     If  we 
suppose  an  octahedron  composed  of  two  four-sided  pjrramida 
applied  base  to  base,  and  the  apex  of  each  truncated  very  deep, 
we  shall  have  a  pretty  accurate  idea  of  the  appearance  of  these 
crystals,  which  are  usually  two  or  three  inches  in  cUameter,  and 
about  half  an  inch  thick.     The  common  base  of  the  pyramids 
is  a  square,  and  the  inclination  of  a  face  of  one  pyramid  to  the 
corresponding  face  of  the  other  pyramid  is  about  135°.     Hence 
the  inclination  at  the  apex  of  the  pyramids  is  45°.    We  see  that 
this  octahedron  is  much  longer  than  the  regular  geometrical 
octahedron,  the  angle  at  the  apex  of  which  is  70°  31'  43*^. 
Tlie  specific  gravity  of  this  salt  is  1-833.     Its  taste  is  saline 
and  cooling,  and  not  disagreeable.     Its  structure  is  foUsted, 
and  it  may  be  split  into  thin  plates  parallel  to  the  base  of  the 
pyramids,  which  are  tough,  and  may  be  bent  without  breaking. 
I  found  the  solubility  of  this  aalt  in  water  as  follows : 
At    54°,  100  water  dissolves  27-8  of  the  salt 
100  ..         .         65-8 

150  ..         .         87-6 

200  ..         .         90-6 

The  solubility  does  not  much  increase  by  any  augmentation  of 
temperature  beyond  200°.     It  is  insoluble  in  alcohoL 

When  moderately  heated  it  gives  out  water,  and  16*625 
grains  of  the  salt  gives  out  3-375  grains  of  water.  By  this 
process  the  salt  is  not  altered.  For  it  may  be  dissolved  in 
water,  and  obtained  agtun  in  crystals  as  at  first.  But  if  we 
expose  it  to  a  red  heat  the  salt  melts,  becomes  black,  and 
acquires  a  strong  alkaline  taste.  If  we  now  dissolve  it  in  water 
it  leaves  a  quantity  of  ferruginous  matter  behind  it,  and  wd 
obtain,  by  evaporating  the  water,  a  white  salt  which  is  a  cjrano- 
dide  of  potassium. 
Mioompo)!.  Berzelius"  has  shown  by  a  set  of  accurate  experiments  ihaX 
the  constituents  of  this  salt  are 

2  atoms  potassium  .         ,         10 

1  atom  iron  .         .         ■-  3-5 

3  atoms  cyanogen  .         .  9-75 
3  atoms  water         .         .         .  3-375 


26-625 
■  Kong.  Vctens.  Acad.  Hand!.  1H19,  p.  £47. 


r 

■The  wnto 
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The  wntor  contuins  jiutl  the  quantity  of  hydrogen  npc«smry  to    ^'i**  vr. 
ooorert  the  cyanogen  into  hydroc)-anic  acid,  and  llie  quantity L. 


of  oxygen  requisite  to  convert  the  pAlatsiiin)  into  poliish  ;ini) 
Ihe  mm  into  protoxide.     We  might  tJitTefore  eitlior  coiutider 
e  salt  as  a  conipoiuid  of 

S  ntoms  hydrocj-anate  of  pola.<)li, 
I  atom  hydrocyanate  of  iron, 
3  atontti  cjiiiiaiiidc  of  potnitsium, 
1  atom  cynnoditle  of  iron, 
3  atonu  water. 
lorfs  there  any  ex|M-rimcntid  mcaw  of  dedding  which  of  tbcM 
TitWB  b  tltv  true  otie.     After  the  wdt  hM  been  deprived  of  Its 
mtrr  by  Ik'M,  there  can  be  no  doubt  tltat  it  comists  of  two 
UoiB*  oyBDodide  of  potaMium  and  one  atom  cyanodide  of  iron ; 
and  KB  we  can  restore  the  wntor  si^xin  hy  Nimple  solution  and 
cryKtoltimllon,  it  i*  must  natural  to  ronsider  thi-  ftait  oven  when 
oynttillizcd  iM  n  double  cyanodidc  with  wutcr  of  cr^'sUillizatioii. 

W'ben  sulphuric  acid  Is  poured  upon  the  ferroprussiate  of  ^JJJ^ 

^^^Bfth  in  powder  greni  heat  is  evolved,  tlie  salt  becomes  white, 
^^HnHien  hcAt  »  applte<t  a  gas  is  given  out  uhundimtly.  Tliis 
gaa  ftmelts  strongly  of  sulphurous  avid,  showing  timt  tlie  sul- 
phuric acid  i*  piirlly  deeompoAed.  There  is  ttUo  former!  a  Hitle 
mmotua.  The  gas  which  cnmeil  over  w  eombu<.tible  and  burns 
wttli  a  blue  flame.  I  confidered  it  at  first  as  a  compowid  of 
M>e  rolume  carbomc  oxiile,  and  one  volume  hydrogen  gas 
mluced  into  one  volume;  but  a  Mibsetpient  and  more  (wreful 
esamtiiation  of  it  satisfied  mo  that  it  was  a  mere  mixture  of 
ourbonie  oitde  and  azotic  gas.  1  found  its  specific  grari^ 
(^9736,  and  when  analysed  it  proved  a  mixture  of  about 
8  voluroen  carbonic  oxide, 
1  volume  aiotic  gas. 
I  found  tliat  by  means  of  sulpbnric  acid,  collecting  tlie  gaa 
evolvi*d,  dett'rininin)r  the  quitnliiy  nf  iron  separated,  and  the 
we^hl  of  sulpliate  of  potji^h  fonnwl,  ferrojiruiwiate  of  pota«b 
might  be  analysed  with  tolerable  accuracy.  For  by  tliis  pro- 
ce*  (nnd  e>itimating  the  water  driven  off  by  heat),  I  obliunrd 
from  100  graiiw  of  the  salt. 

Potash  43-18  =  Potassium         .         .         36 

Iron  .  ,  .  13-0 1 
Cyunugen  .  .  37-49 
Wutcr  .         .         la-OO 

IQChUO 


252  CYANOGSN  ACIOa. 

t*^  L     The  true  constituents  are, 

.'  Potassium  .         .         .  37*658 

Iron  .         .         .         .  13-145 

Cyan<^n  .         .         .  36-621 

Water         ....  12-676 


100-000 

I  found  reason  to  conclude  that  the  decomposition  conducted 
in  this  way  took  place  as  follows :  Let  us  suppose  106*5  grains 
of  ferroprussiate  mixed  with  sulphuric  acid  and  heated.  Tlie 
constituents  of  the  salt  are  the  following : 

6  atoms  potassium  .         .  40 

4  atoms  iron  ...  14 

12  atoms  cyanogen  .         .  39 

12atomswater         .         .         .  13*5 


106-5 


160  grains  of  pure  sulphuric  acid,  or  198  gr^s  of  the  add  of 
commerce,  were  required  to  produce  complete  decomposition. 
But  I  always  employed  about  twice  that  quantity. 

One-fourth  of  the  cyanogen  passed  over  undecomposed  along 
with  the  gases.     The  remaining  cyanogen  was  composed  of 
16  atoms  carbon, 
8  atoms  azote. 
2  atoms  of  azote  went  to  the  formation  of  ammonia,  for  the  pn^ 
duction  of  which  6  atoms  of  water  were  doubtless  decompooed. 
The  6  atoms  of  oxygen  of  this  water,  tt^ether  with  10  atom 
of  oxygen  from  sulphuric  acid,  converted  the  16  atoms  of  car- 
bon into  carbonic  oxide,  and  the  6  atoiAs  of  azote  renuuning 
passed  over  with  the  carbonic  oxide,  making  a  mixture  of 
16  volumes  carbonic  oxide, 
6  volumes  azotic  gas. 
Twelve  more  atoms  of  the  oxygen  of  the  sulphuric  add  must 
have  gone  to  oxidize  the  potassium  and  the   iron.     And  8 
atoms  of  sulphuric  acid  went  to  saturate  the  potash  and  2  to 
saturate  the  ammonia. 

Berzelius  has  shown  by  analysis  that  the  salt  usually  distin- 
guished by  the  name  of  ferroprussiate  of  barytes  (which  will 
be  described  in  a  subsequent  part  of  this  volume),  is  a  com- 
pound of 

2  atoms  cyanodide  of  barium, 
1  atom  cyanodide  of  iron. 


ICYANIC  ACID.  Q53 

I  Mr.  Porrett  firnt  p<»inU><l  out  a  methorf  of  ohuiining  a  peculiar 
from  this  suit.  His  jtrocesM  v»s  iw  foUou*)! : 
Dissolve  the  suit  in  colil  water,  aiid  f»r  ovi-ry  ton  gmins  of 
it  ndd  3'53  grains  of  real  sulphuric  aciti,  agitate  the  mixture, 
ud  set  it  aside  fur  some  time.  'Die  whole  of  the  ))tiryles  and 
■olpburic  and  precipitate  in  combination,  and  leave  the  acid 
diMolved  in  the  water."  ThJit  avid  pofisosaes  the  following 
chatnctCTs: 

It  hw  B  pale  lemon-yellow  colour,  and  U  destitute  of  smell.  "'''I**^ 
It  is  decomposed  by  a  gentle  beat  or  liy  oxpo»tire  to  a  strong 
tigbu  Hydrocyanic  acid  is  tlicn  formed,  and  white  prussiate 
of  iron,  which  by  exposure  to  tJie  air  quickly  becomes  blue. 
When  combined  with  the  salifiable  bates  it  forms  the  wdtn  for- 
merly called  triple  prussiates.  It  displaces  acetic  acid  from  its 
flanbinalions  wiiliout  the  asiustance  of  heat,  and  forms  triple 
proMuiiM  with  the  bines  pre^■ioluly  united  to  that  acid.  It 
•zpels  all  aci<U  from  soluble  eombinutions  when  it  is  capable 
of  formtt^  itnoluble  salM  with  tlic  bEues  to  which  they  were 
«Bited.f 

That  tliiK  IK  a  peculiar  acid,  is  farther  proved  by  what  hap- 
pen* when  a  solution  of  triple  prus«iiate  of  Mida  i*  exposed  to 
llie  action  of  the  galvanic  battery.  Its  acid  (including  tliviron) 
WH  deposited  at  the  positive  pole,  where,  in  consequence  pro- 
bably of  tbe  dcpomposition  of  water,  hydrocyanic  acid  was 
Tohtilucd,  and  blue  prussiate  of  iron  deposited. 

Mr.  Porrett  has  pointed  out  an  ingenious  process  for  obtain- 
Hdng  this  add  in  the  atate  of  crj-slals.    It  Ls  as  foltou-M :  Dissolve 
^B8  gnuns  of  crystallized  tartaric  acid  in  aleuhol,  and  50  gntins 
Hof  (erropntMJate  of  potash  in  as  little  warm  water  m  po«i^ibIc. 
^^Jix  tile  two  liquiiU.     Hitartrate  of  polii^h  U  precipitJited,  and 
the  new  acid  remains  in  solution.    Hy  iipontiuicuus  crystallisa- 
tion it  seimrates  in  small  yellow  coloured  cubes.   I  liave  repeated 
this  cxpi'rimcnt  with  success.     Ttie  cryHtals  of  the  acid  arc 
•ooo  destroyed  when  left  expowil  to  the  action  of  light.    They 
become  cueted  with  pnusinii  blue  and  lose  their  regular  sliape. 
llie  Munc  change  look  placid  even  when  the  acid  was  kejit  in 
«  pTvn  excluded  from  the  light  by  a  wooden  door,  which,  how- 
r»er,  was  very  often  opened. 

The  analysis  of  this  acid  would  be  attended  tvitli  peculiar 
difficult)'  on  account  of  the  ease  with  wbicb  it  undergoes  decom- 
position.    Dul  there  is  iw  dilficulty  in  dixlucing  its  constitution 

Pha.  Tnns.  1814,  p.  MO.  f  Portett,  Phn.  Tntnt.  ISU,  p.630. 
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ciup.  1.     trom  die  plienomena  of  its  formation.    FeiroprussiRte  o£  barium 
(abstracdng  the  water)  is  a  compound  of 

Q  atoms  cyanodide  of  barium, 
1  atom  cyanodide  of  iron. 
When  the  barium  is  thrown  down  by  sulphuric  acid  it  is  in  the 
state  of  bai^tes.     It  must,  therefore,  have  united  to  two  atoms 
of  oxygen  obtained  from  the  decomposidon  of  water,  the  two 
atoms  of  hydrogen  of  which  must  have  combined  to  the  other 
constituents  of  the  salt.     The  new  acid,  therefore,  must  con- 
sist of 
casporiuoii.  2  atoms  hydrogen      .         .         .         0*25 

3  atoms  cyanogen      .         .         .         9*75 
1  atom  iron  .         .         .         3*5 


13-5 

Gay-Lussac,*  who  first  pointed  out  that  view  of  its  constitation, 
considers  it  as  a  compound  of  2  atoms  of  hydrogen,  with  a 
radical,  to  which  be  has  given  the  name  of  cytmofer,  and  which 
he  considers  as  a  compound  of 

1  atom  iron  .         .         .  3*6 

3  atoms  cyanogen    .         .         .  9-75 
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It  might,  if  it  could  be  obtained  in  a  separate  state,  be  called 
a  tercyanodide  of  iron. 

Supposing  the  constitution  of  this  add  to  be,  as  Gay-Lusaae 
conceives  it,  we  may  distinguish  it  by  the  name  of  hydrofiim^ 
cyanic  acid.  But  I  think  it  conceivable  that  it  may  be  nothing 
else  than  a  solution  of  1  atom  of  cyanodide  of  iron  in  2  atoms 
of  hydrocyanic  acid. 

SECTION  XVI. OF  AZULMIC  ACID. 

hmott  This  is  the  name  by  which  M .  P.  Boullay  has  distinguished 

the  charry  matter,  formed  by  the  spontaneous  decomposition  itf 
cyanogen. 

rrottnin.  It  b  insoluble  in  water  and  alcohol,  both  cold  and  hot.  It 
dissolves  in  concentrated  nitric  acid,  to  which  it  communicates 
an  aurora  red  colour.  The  solution  is  rendered  muddy  by 
water. 

It  dissolves  with  great  facility  in  alkaline  leys  and  in  liquid 
ammonia.     The  solutions  are  similar  to  those  of  ulmate  of 

•  Ann,  de  Chim.  et  tie  Phys,  xxii,  380;  xniv.  884, 
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|Ki(a»)it  but  a  gootl  deal  inur«  red.  Acids  iiro«ii>itatc  a  very 
light  l>rawMi»ii-r«<l  |>owd«r,  wliidi  when  dried  has  no  brilliancy, 
and  rrtwnililM  lit  colour  vliiiui  ink,  Tlie  metallic  salts  pnulucc 
brunti  prrcipit«t<.%  and  L'nni pint vly  deprive  iLc  liquid  of  eidoiir. 
A^Hico  bt-jit  ui  iipplii-d  Rzulroic  acid  is  completely  decomposed 
into  hydrocyanale  of  ammonia  wliidi  !>tiblim<^H ;  and  wlien  th« 
trmppralure  is  still  &nber  elevated  a  combuAtiblc  gwt  is  obtain- 
ed, wbicb  burnt)  witli  a  blue  colour,  and  wliicli  luut  tlie  odour  of 
cywnof^n.     Wlml  remains  is  diaroml. 

M.  lloullay  ha  endeavoured  to  determine  tlie  compoiulion 
of  this  acid  by  aiuilyntti.  He  ilcvomposi^d  it  twice,  ;iiid  found 
the  ratio  of  tlie  volumes  of  axotic  gas  mid  carbutiiv  iieid  gan  'i 
to  5.     Hence  be  has  concluded  that  it  is  a  compound  of 

R3  atoms  axotc  .         .         .         9-5 

5  atonu  carbon         .         .         .         3*75 
I  atom  hydro^n     .         .         .         0-125 
7-375 
would  make  its  atomic  weight  7-373. 
Boullay  a^nures  us  iliat  when  piitash  is  digested  with  glue 
a<)(UUitityofa]cul[nicacidiafonnc<l,  justasulmicacidis  formed 
wl)i!!n  Kugar  of  grapeti  is  dii^csted  mth  the  same  base.     This 
WW  the  reanon  why  ho  gave  tike  acid  tJic  name  of  fuutmie, 
otnuiiiig  proltably  ulmic  acid  containing  azote.* 

I  have  Ih>vu  tn<luce4l  to  notice  tlie  opiuioat  of  Roullay  on 
this  subject,  though  be  has  not  8uci»-eded  in  denionittrating 
them  by  satisfactory  eiKperimcnUt,  betuuHC  I  consider  the  sub- 
ject as  well  entitled  to  the  attention  of  chemists.  Doubtless 
tnany  other  combinations  aud  modificatiotts  of  cyanogt-n  remain 
iitill  unknown,  and  reatly  to  recompense  tlie  future  labours  of 
U)e  iiiduvtrioua  chemist. 


■  vn. 


I 


CLASS  vn. 

SULPHUR  ACins. 


^^  Uie  u 

^B  The  knowledge  of  tlie  acid  properties  of  the  compounds,  inMotr. 
vhieh  sulphur  fomut  witli  ibc  ncidifiahle  bases,  Ls  a  recent 
•ojuiution  to  rhemistry,  and  for  the  fiunn  at  present  known, 
w«  nrr  chiefly  indebted  to  nn  ela{>orale  and  excellent  ]>a])er  on 
Mulphur  nalt*,  by  Herxelios,  in  the  Memoirs  of  the  Stockholm 

•  Ann.  Je  Oiiai.  et  dc  Phji.  xliii.  t»S- 
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o-^*-  Academy  of  Sdencea  for  1625  (p.  282)  and  1726  (p.  68).  In 
that  paper  he  has  shown  that  most  of  the  acidifiaUe  bases  hare 
the  property  of  combining  with  sulphur  and  ooostitntin^  addM, 
while  the  alkalifiable  bases  when  combined  with  aolphnr  an 
conrerted  into  alkaline  bodies.  The  sulphur  alkalies  have  the 
property  of  unitiog  with  the  sulphur  acids  and  of  forming  aalla^ 
a  great  number  of  which  hare  been  examined  and  described  io 
the  paper  just  referred  to.  In  geoeral  when  a  sulphur  acid  is 
placed  in  contact  with  an  oxygen  base,  decomposition  lakes 
place ;  so  that  sulphur  acids  can  combtoe  only  with  sulphur 
bases.  For  example,  wliat  was  formerly  considered  as  hydro- 
sulphuret  of  pota;^,  is  not  a  compound  of  sulphuretted  hydn^ 
gen  with  potash,  but  with  mlphuret  of  poUigsiwn.  The  potas- 
sium exists  in  the  solution,  not  in  the  state  of  an  oxide>  but  ot 
a  metal,  and  it  is  kept  ia  that  state  by  being  combined  with 
sulphur.     The  salt,  therefore,  is  a  compound  of 

1  atom  sulphuretted  hydrt^en         .         .         S-125 
1  atom  sulphuret  of  potassium  .         .         7 


9125 

BO  that  its  atomic  weight,  abstracting  the  water  of  crystalliisp 
tion,  is  9*23. 

I  hare  already,  in  the  first  volume  of  this  work,  given  an 
account  of  all  the  known  compounds  of  sulphur  and  the  acidi- 
fiable  and  alkalifiable  bases.  Nothing,  therefore,  remains  to  be 
done  except  to  give  a  list  of  tke  xtilphur  acids. 

In  a  note  in  page  313  of  the  first  rolume  of  this  vodc,  I 
mentioned  that  I  meant  to  call  all  the  acid  compounds  of  sut 
phur  and  a  base  by  the  name  of  sulphides,  while  to  the  alkaline 
compounds  of  sulphur  and  a  base,  the  old  name  sulphureta  irill 
be  confined.  It  is  convenient  (indeed  necessary)  to  hare  a 
means  of  distinguishing  the  acid  compounds  of  sulphur  from 
the  alkaline,  and  sulphide  has  been  chosen  as  analogous  to 
oxide,  chloride,  bromide,  iodide.  The  following  table  exhibits 
a  list  of  the  sulphur  acids  with  which  we  are  at  present 
acquainted,  together  with  the  old  names  by  which  they  were 
formerly  distinguished,  and  which  indeed  have  been  most  cunt* 
monly  applied  to  them  in  the  first  volume  of  this  work. 

New  Names.  Old  Names. 

i^'iSt       1-  Sulphide  of  hydrogen,  Sulphuretted  hydrogen. 

2.  Bisulphide  of  carbon,  Bbulphuret  of  carbon. 

3.  Sulphide  of  phosphorus,  Sulphuret  of  phosphorus. 


ALKALIES. 


I.  Sulpbidc  of  anoni);, 
ScMjuisalpliuIe  of  ancDie, 
Persuli>liuie  of  amenic, 
Sul|i)(iiU'  o(  Mlurium, 
Se«)uuulpliM«    of    aiitj- 
mony, 

is.  BiMil|tlii(!c  of  antimony, 
D.  Ppriul|jhi(l«  of  uniiinoiiy, 
1.  Trrnuljihide  of  lun^lcn, 
B.  Tcniulpliide  of  molybde- 


Qialeniilphid«  of  molyb- 
dmnm, 
4.  Stitpliidf  of  eiiromiiim  ? 

15.  Sulpliide  of  columbium, 

16,  Ouulphide  of  tin, 
'.  Probably  the  tiulpIiidM  of  tlie  noble  metals. 


^TCCOl 


llealgu. 
OrpimenL 

Pentiil|))iiirot  of  am>nic. 
}>ulj>liiiri'i,  (if  (i-IIiiriiini, 
Sulphurct  of  uDticioDy. 

Bisulphuret  of  mitiinoiiy. 
Peruilphtiret  of  antimony, 
T«TSulpb»rvt  of  tungsten. 
T«i«ulphur«t  of  rootybdenom. 

Quat«rKilpliiu«t  of  ntolybd«- 

nuin. 
Sulpfauret  of  chromium. 
Sulpbarct  of  columbium. 
MoMiic  ^Id. 


n^n. 


The  talla  into  vhidi  tbe»c  diffcrenl  sulphur  adds  enter  wiU 
ipy  oDt  MtentioD  in  a  Rubsequent  part  of  this  volume. 


^M    Afl  for  tb«  Bth  and  Otb  d»«MM  of  acidH,  the  selenium  adds 
^^■d  ullurium  afidfi.  thr  nnireity  of  selenium  and  tollurium  K.1A 
^pbberto  pti^cludt-ti  tbe  [XWAibility  of  investigating  them.     Each 
of  tbese  bodice  nniira  with  hydrogen,  and  forms  vith  it  a  com- 
pound having  arid  properties,  namely,  telenktuA  hydrogen,  and 
I     tdbtntUil  hydrogen.     But  even  the  tuiltH  which  tlie«e  two  actdx 
bm  liRve  been  bat  iiiiper6cfailly  examined.     Hen,  thi-n,  In 
'      the  pnramtitBta  of  oar  knowledge,  muHt  tenninal«  our  account 
uf  the  addfl. 

RllH*^"  conmt  of  tho  simptc  bodice  described  in  the  third 
>r  of  tbe  first  vuliunc  of  this  work,  under  the  name  of 
■iiyfr  tUltal^tibU  fxuet,*  united  citlier  to  oxygen,  chlorine, 
btoodar,  iwlini-,  and  fluorine,  sulphur,  selenium,  &c.  There 
tn,  therefore,  aa  many  claiaea  of  alkalies  as  there  are  of  acids. 

'  *  SotcmI  of  die  idififable  hiut*  have  alto  the  profxvt;  orfbiming  nlknlica, 

•hai  nalMd  to  ■  «imI1  qiuntiij  of  oxygen,  and  pcriufX  also  of  ibc  other 
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ALKALI  EH. 
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B«8id«»itliese<lit!cr«RtclMsv»,ofwhutinnyl>ccalkda1kiiltMwitli 
gimple  fxiffn,  thon*  in  an  nlkali  compoa^  of  two  acidifiable  base* 
joined  tnjfctlicr,  namely  ammonia,  which  is  K  coiii|i<i»ti(I  «f  awHe 
and  hjdrogen.  These  two  lM(Ui'»  are  ttolii  clfctm-iKi^iriro,  «t  i 
is  the  case  witli  the  alkaline  ba«i>8;  wc  need  not  then-fore  l>tfl 
surprlsod  uC  tlicir  constituting  an  allcati  when  comSineil.  Yet 
■t  present  we  arc  not  aeqiiainte<l  with  any  two  other  ^leetrcH 
positive  bodies  which  constitute  an  alkali.  But  there  are  aboirt 
SO  oompoaud  vegetahle  bodiex  which  poasess  alkaline  proper- 
tiea,  consisting  prot>abIy  of  (.Nirhoii,  hydrogen,  nzole,  and  a  little 
oxygen  united  togetlier,  Thei^e  may  he  called  C(im|K>und  or 
complex  alkidiiic  bodies,  in  cuntnuliAtinctiou  to  the  iiIkaliM 
with  simple  bases.  Though  only  20  are  knou'n  at  preseDt.  tlMre 
cannot  he  a  douht  that  as  the  knowledge  of  the  vegetable  kif»g- 
doin  increases  the  number  will  greatly  augment,  and  will  pr<>- 
bably  bear  some  ratio  to  the  oxygen  acids  witli  compound 
bases,  which  at  present  amount  to  57. 

Having  described  the  [iroperiieH  of  all  the  known  alknlict 
with  simple  b&gn  in  the  first  \-o1»me  of  lliis  work,  I  shall  satisJy 
myself  here  with  ^ving  a  table  of  tlie  oxygen  aikaiiea  with  a 
simple  base. 


I 


•"'■"»-     1.  Potash, 

2.  Sodm  " 

3.  Lithio, 

4.  Buryti"*, 

5.  Strontian, 

6.  Lime, 

7.  Magnesia, 
6.  Alumina, 
9,  Glucina, 

10.  Ytlria, 

11.  Protoxide  of  cerium, 

12.  Peroxide  of  cerium, 

13.  Zireonia, 

14.  ThoHiia, 
1 6.  Protoxide  of  iron, 

16.  Peroxide  of  iron, 

17.  Protoxide  of  mtuiganese^ 
16.  Sosquoxide  of  manganese, 

19.  Protoxide  of  nickel, 

20.  Protoxide  of  cobalt, 

21.  Oxide  of  zinc, 

22.  Oxide  of  cadmium, 


23.  Protoxide  of  lead, 

24.  i'rotoxide  of  tin, 

25.  Peroxide  of  tin, 

26.  Oxide  of  I>i«mMtli, 

27.  Suboxide  of  copper, 

28.  Oxide  of  coppei^i 
29-  Suboxide  of  mercury, 
30.  Oxide  of  mercury, 
81.  Oxido  ofniren 

32.  Oxide  of  arsenic? 

33.  Protoxide  of  untimony, 

34.  Oxide  of  tellurium, 
S.*!.  Oxi<le  of  elirominm, 

36.  Protoxi^le  of  uranium, 

37.  Peroxide  of  nrnnium, 
3A  l*rotoxideofmoIyb<Ienuti», 

39.  Dentoxide   of    molybde- 

num, 

40.  Protoxide  of  tungsten, 

41.  Deutoxide  of  tuttg^lcti, 

42.  Oxide  of  titanium, 

43.  Oxide  of  columbium. 
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U  tB  nmuwensry  to  giv«  n  (ablu  of  Ui«  chlorine,  bromine,    ^^*f-  "- 
Itc.  aUodioft.  whli  m  >Amp\*  baw,  t>tf<aiwir  tin')-  urc  the  xuine  u 
tha.  preoe^iiii;,   MibntilulinK'  tlie    terms    <.-Kli>ri(li>s,    bromuk-s, 
ladidcflk  iu]|iliuroln,  Mrlciiicls,  tnllurebi,  riw|H?cuvcly,  iiiHteiiii  of 


<  Ammuiiui  limy  perli^iM  ;kJjv>  lie  c(inHi(l<^<-ii  a»  nii  alkali  u-itli 
k  ainplc  Imim.%  U'  we  cunMiIrr  nrw/c  ax  (liiil  bitv;,  wiil  liyilruguii 
M 1^  elcctrvpoHtivf  body  with  wbidi  it  ia  in  cumbiiifttiun.  It 
tsigkt,  irarUaiMiiaaMW|eiewanled)be<ienofDiiatedaterA^rari!e 
ijfucote,  ■     '.I. It:,   .1  .>.'.'  ' ,  .1 

Tbr  fuliowins;  table  (-xIiibitM  tlio  iiain«:<  luid  die  compcHiUflii 
UiK  'JO  cowjilex  HlkiilJRv  bodlvs,  so  fiir  u&  Uiey  luurwbwea 
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Nil9*cte<l  to  uualyaik, 

ConjtHtnent^  in  ahniM. 

!,  1.  Quiniti 

2.  Ciiicbiiiiin 

8.  Briicia 
■L  Strycliniii 

.  &,  Veratrin 

6.  Emeiin 
,i7.  IttiliaTiitk 

6.  MtirpLiu 

9,  N«rculin 

.JO.  Cikfr<-iii 

■  11.  Di-igiliitiiii 

13.  Picrotoxiu        .  jv 
.JShSalaoin 

14.  D«|Jiiiiii 
1&,  DifpisJtu 
16.  BtilUdoDin 

,,17.  Al/opjii 
.  la.  J«lappiii 
JO.  Smilacia 
.30.  Rlicin. 
At  tuae  of  tliese  compound  ulkaliea  has  hilbcito  b<.'(.>ii  intro- 
into  HimtiKlry  «■  a  reagent,  I  coaceirc  tliat  it  will  bo 
itWr  )w>t  l«  ilfMiribc  them  here,  but  to  delay  tUe  account  of 
km  till  wv  come  to  tri'^it  of  tlie  vi'^vUible  kin^lom.     This 
II  Jwvc  more  Hjiacv  for  on  account  of  tliv  salts — a  clawi  of 
nkUm  which  coiisdtute  pcrliajis  tin-  moit  iioporuuil  department 
'  elemejitary  chemiitjy, 
Tbe  alkuUes  composed  of  the  electro-positive  bodies  uniU'd 
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ch•^Ill.  to  chlorine,  bromine,  Eodioe,  sulphur,  Gelenium,  &p,,  h«Te 
already  been  described,  so  far  aa  they  are  known,  in  the  fint 
volume  of  tlib>  work — and  tho  talta  which  they  form  with  their 
respective  acidi  will  eome  under  our  review  hereafter.  I  nwy 
here  close  this  cliapter  tliat  we  miiy  <iit«r  upon  an  cxuniiatioa 
of  the  neutral  compounds,  which  will  occupy  our  nttcntion  tn, 
the  next  ch^ter. 


CHAP.  III. 

OP  HEUTRAL  COHPOUKDS. 

I  MIOBT  in  tbi§  chapter  describe  a  oonHiderable  proportion 
th«  wgetahic  and  animal  principloM ;  for  many  of  the 
iinportunt  of  tliese  principles  neitlicr  poMtew  the  eharacten  of 
acidv  or  alkalies,  at  leant  so  far  as  hitherto  obsen'cd.  But  I 
shall  confine  myKolf  in  this  place  to  those  principles  which  are 
useful  as  chemical  rea^ntfl,  and  which  tlierefore  it  is  of  import* 
ance  for  the  student  to  be  floqiiniiitod  witli  before  he  tunut  hia 
attention  to  vegetable  or  animal  cliemi*try.  These  neiitnJ 
RuKstaoces  tmtnmlly  arrange  tlicmselvitt  muter  w-ven  different 
heads.  I  shull,  therefore,  divide  thb  cbaptcr  into  the  scvea , 
following  sections : 

1.  Water,  5.  Voktil«  oils, 

'2.  Spirits,  6.  Fixed  oUa, 

ti.  Ether,  7.  Bitumens. 

4.Etlul, 


SECTION  I. — or  W4TKH. 

I  have  already,  in  the  first  volume  of  this  work  (p.  10.^ 
described  the  physical  properties  of  water,  imd  pireu  an  accou 
of  its  composition.     It  remains  only  in  this  place  to  make  a 
few  observations  upon  it  as  a  chemioU  body. 

1.  It  has  the  property  of  dissolving  and  combining  wilk 
almoKt  all  tlie  adds,  and  with  seieml  of  the  aHcafioe  bo(be« ;  and 
tf  it  mIiows  an  equal  (liKpONition  to  combhe  with  either,  aat 
does  not  destroy  nor  conceal  their  acid  and  alkaline  quidlttea^ 
it  is  obvious  that  it  is  a  neutral  body.  It  has  the  property  nl«o 
of  dissoMng  a  consiilerable  number  of  the  salto,  whicli  an 
compound  of  an  acid  and  a  base.  The  quantity  of  each  irf 
these  bodies  which  u'ater  am  dissolve  has  a  limit,  and  it  itt  very 
various  n-ith  res]>ect  to  different  salts.     When  lliv  water  has 
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diMolred  aa  much  i>f  any  suit  as  it  can  take  upi  wc  say  Iliat  it     < 
b  satttnUed  witli  the  aaiL     It  we  add  more  of  the  Bolt  after  it  ~~ 
b  thtn  MttirateH,  it  wilt  remain  at  the  botioin  of  tlie  Hfjiiicl 
■wJJMolypd.      Or  if  wc  cauM'  it  tu  ilitAulvi;  by  illvr(■IL^ill){  llio 
U-mfioraturo  of  lh«  water,  it  is  ajfuiii  dupotiitecl  in  crystals  when 
the  li(|uid  is  allowed  to  cool. 

It  IB  ul>viou«  that  the  power  which  thus  limits  tlie  solvent 
prapw^  of  water  is  the  attraction  which  exists  between  the 
patthHM  of  the  salt.  When  a  salt  is  di»solred  in  water  ita 
porticleB  muftt  he  equally  dtsfiersed  tbrodgli  every  part  of  the 
Bqiud.  They  mast  of  course  )><•  iirrniiKcd  in  rogtiliir  mnk  and 
Shi,  and  the  gfreatcr  tlic  quantity  dissolved  the  snuillrr  tntttt 
the  dbtnnm  bo  b<>tweon  every  two  particles  of  the  salL  It 
would  Appear  that  the  greater  the  number  of  particlcH  of  suit 
wkkb  arc  dissolved  by  the  water,  the  smaller  is  the  force  hy 
irftkh  Hub  mil  and  water  are  united.* 

This  may  he  understoo<l  by  considering  tlic  particle  of  tall  *'""^,"' 

I  to  he  surrounded  hy  iiccrbiin  number  of  pcirticlos  of  wnlori  each 
ft  which  is  attraeteii  tu  it,  and  the  aggregate  attractions  of  wltich 
Irill  rttprrsont  the  force,  by  meatia  of  wliich  the  particle  of  ludt 
b  kept  suajirniled  in  the  liquid.  Thiis  at  the  temperature  of 
BB**3A|  100  parts  of  water  are  capable  of  diwolvin^  7-74part8 
if  aoliydrons  carbonate  of  aoda.  The  atomic  weight  of  tinhy- 
droiu  aubooate  of  soda  bein^  6-75,  and  that  of  water  l*13i>. 
It  is  obvious  that  every  intej^ant  particle  of  the  salt  must  ho 
ttaitad  to  about  6tt  integrant  iiarticle!*  of  water.  We  may  con- 
•ider  every  particle  of  the  salt  as  GurrotLnded  by  ti8  particle*  of 
',  each  of  which  attracts  it  to  itself  by  a  certjiiii  unknown 
;  M  tliat  the  whole  liquid  may  be  couiiiderc<l  as  compowd 
^  ■nail  splieres,  each  of  which  has  a  particle  of  salt  in  the 
^^prntre,  while  tiie  rest  of  the  sphere  is  composed  of  88  particles 
^pif  wati^.  Let  us  8up{>0M.>  now  ihat  by  meaiui  of  heat  we  can 
raaiilr  the  lOlt  [mrln  of  water  to  dbtHolve  an  aiMitional  7*74 
pafta  of  ludiydroiis  salt.  It  is  clear  tliat  the  comi)ouud  will  now 
kimIsI  of  1  atom  salt  united  to  only  44  atoms  water ;  the  num- 
bw  of  alOBH  of  water  united  to  the  uUim  of  »alt  will  now  be 
to  one-half  the  former  number.  The  spheres  will 
anuller,  and  consequently  the  particles  of  salt  nearer  each 
than  in  tlie  former  ease.  When  tlie  solution  cools  the 
lea  of  Rolt  Mug  combined  with  only  half  the  atoms  of 
T,  and  bi-inji;  nearer  each  otlicr,  a  certain  number  of  them 

KtT  Ihi  upfflnMiiM  related  with  Mother  ohjcct  in  view,  in  iny  tresliw 
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ciu»n>-   iinit«  nnd  form  crystals,  vhich  in  consequence  of  tlicirwei^bt^ 
'  arc  G:Tii(tuiilty  dqioflUed  at  Uie  bottom  of  Oie  liquUI.    '  '■'   'Hmi 

What  increases  thn  teitclDtiey  to  c-rytttxlliz*^  is  'ti"!  ^Iw" 
forinKl  vt  not  iiiihydroiiM,  hnl  n  combination  of  I  <it«im  of  salt 
And  10  iitom^  Mi)tcr.     It  would  appear  that  the  comb inatioo 
between  these  10  atonni  and  tlie  atom  of  nait  is  more  hititnate 
than  that  which  sabaista  between  the  wit  an«l  tlie  water  in 
which  it  is  difiHolved.      For  when  it  combines  willi  the  sail  90 
as  to  con.ititute  a  crj-Ntnl,  it  fpves  DUl  the  144)'*of  b<>Ht  wkidi 
eonstitulc  tlie  lutcnt  heat  of  wstcr.    Suppose  tlic  solniiim  thai  it 
mndcbyhcat  tobciinagB[rcg«tc  of  IO:(phoric1e8,con>(ii^tingMKli 
of  I  atom  of  uiihydrouH  salt  surrounded  by  44  atoins  of  wsMT. 
When  the  solution  cook,  9  sitamft  of  tlie  salt  uniting  with  00  fl 
atoms  of  n'utcT  trill  cryAlidlive,  iind  tlierc  will  r^raain  7  atotu 
of  Kult  and  704  —  90  =  614  atom:*  wntur,  which  will  oouMti- 
tutc  very  nearly  the  »atumtcd  solution,  consisting  of  1  iitomfl 
mU  enclosed  in  S8  atoms  water.     But  the  reader  will  form  «  ~ 
better  idea  of  what  really  takes  place  iti  snch  cases,  if  we  refer 

[to  a  real  experiment,  I  dktolred  4C0  ^r»in<<  of  anhydrous 
carbonate  of  ^odn  in  S025-()  grains  of  hot  wnter,  aixl  fiuiling 
the  .solution  Into  n  well  stopped  phiul,  set  it  imde  till  it  c<iol4<d. 

'  'TIk'  solution  remained  quite  liqnid  at  the  lempenituri-  of  ftO* ; 
but  upon  dmwing  tlie  cork  n  quantity  of  cryMids  fe)),  and  tint 
temperature  rose  to  64".     The  crystnls  weired  ()2&4  gmfaa, 

[  eqni\'alentto  l*2;i-13gta>tis  of  anhydrous  sail.  Now  the  HlotHlc 
equivalents  for  these  weiglits  arc  as  follows.     'Hie  hot  solution 

|"wns  a  com])oiind  of  71*!i  atoms  anhydrous  salt,  and  IMO-5 

^Ktoms  of  water.  The  crj'stals  depo<i)ted  consisted  of  1^34 
^Onis  salt,  in  combination  with  1  S'i'4  at(ni»  WBter.  ()f  counte 
there  rcnuiined  in  solution  52'87  atoms  of  tuihydruntt  ^idt  cotft- 
bincd  n'itli  IG18'1  atoms  of  ntitcr. 

The  hot  solution  consisted  of  a  congeries  of  sphericW 
fiisting  each  of  an  atom  of  anhydrous  salt,  surroimiled  by  i 
iltomn  of  Wi>l«T.  About  Jth  of  the  anhyilroux  sidl  wiw  dejiotkaj 
in  crystftls  when  tlie  cork  wast  drawn,  envh  uUim  of  which  «r- 
ried  along  uith  it  HI  atoms  of  water.  So  that  there  remained 
a  solution  consisting  of  spherielcs,  in  the  centre  of  each  of  wbicli 
b  an  atom  of  salt  surroiimled  by  3U  atoms  of  Kuler,  wliidi; 
represents  the  solubility  of  the  salt  at  64^ 

Water  not  only  tHtiKilrfs  many  suits  and  other  liodi^ ;  but 
it  has  tlie  pnjperty  of  entering  into  oombinaUiin  with  n  great 
many  bodies  in  n  solid  state,  constituting  ctrnqmunds  to 
which  the  name  of  AffttratfS  was  given  by  Proust;  and  ibis 
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Ft  tJtoufi;k  in  Nome  rvepecU  exccp>ioiiabl«,  bax  boon  univer- 
[tdly  adopted  by  chemi&ts.  I'hcre  are  few  or  none  of  the  simple 
.  wlikh  are  ca|>ublc  of  forming  Iiydntes  with  water,  Tlie 
;>|Mrl(!n  of  combustion  are  Mjlublc  in  it  to  a  trifling  extent ; 
ibu  name  iviuitrk  ii|i|iti4^s  to  liyilro^t^ii  aixi  azale ;  but  none 
rtJteotiMTTiwM-iitU'liciburuciil  or  »lkuliue,iir«  capable  of  uniting 
rith  it,  MoHt  of  tbe  acicU  iirv  o<iptJ)li;  of  fonninj;  hyilraU*, 
^asli  bydrutcs  lurc  usually  l-uUlsI  cri/*faU  <ff  Ibc  mid ;  Moino 
they  are  in  (lici<tut£of  powtlont;  or M>niL'limux  tJit'y  von- 
jeUies.  Most  of  the  alkaline  bases  in  like  manner 
t«caii«ucut«  hydrateiii,  iwnie  of  them  in  crystals;  but  a  much 
,  p«ater  {irupoitjun  lu  iht:  »tate  of  ilry  pouxlers.  I  bavc  ulreiuly 
the  preccdii^  |t»rt  of  (hiA  wo>k  given  an  account  of  all  of 
liihoK  hytLmUM  h)lb<>rto  oxamiued.  No  fiuther  observationg, 
afore)  Hflm  requieito  here. 


IM.II. 


SECTION  H, OF  ARDENT  SriHITS. 

The  term  anUtU  spirit*  in  tJiia  country^  is  usually  applied  to 
pthe  lic[ui<)  obiiiined  by  iJi«tiUatioti  from  different  fermented 
(Uquom ;  all  uf  wbicb,  us  luw  been  long  known,  are  nothing  eW 
j,Uuui  idcobul  mure  or  Uiw  diluU'd  witli  water,  and  flavoured  by 
of  »omo  volutile  oil  or  utln-r.  But  of  latv  yearn  two  dis- 
speciea  of  li<jnid  have  been  <li»eov<-icd,  biutring  a  much  tftum. 
n  rwemblanoe  to  alcobol  than  to  any  otlii-r  body  whatever, 
^jhouifh  at  the  same  time  u>  dilTerent,  (hat  they  must  be  con- 
inwlerul  opiirt.  Tk^^e  are  fii/nMic.ttk  and  jjyrojyiic  gpirits.  I 
|«li«ll  therefore  ttuUliviilt!  tliijt  m-otioii  into  three  ]>art»;  in  ihu 
a(  wLidi  I  will  f^ive  lui  lu-'omnt  uf  alenbol,  in  the  M.>coiid  of 
pyriMMKCic  spirit,  ainl  in  ihu  tliird  of  pyroxyUc  spirit 

I.  AlmhoL 

I-'«nnented  liquors  arc  of  two  kinds.     They  either  conaiBtof"M«T> 

hahoexpretaedjuieesof  voriouN  kinds  offruii,  as  grapes,  currants, 

^applem  &c<     The»ie  juices  wben  fermented,  are  known  by  the 

of  tpuM.     Or  lltey  eonitist  of  tbe  hot  iufa<«ion  of  various 

Ikiaib  of  corn,  us  barley,  rye,  rice,  wheaU  &e.     Those  Infusions, 

I  vhvil  f«rniente«l,  are  known  by  the  name^  of  btrr  aiul  ale. 

Both  of  these  kUidfi  of  li<)uors  were  knoni)  nt  a  rory  early 

period.     The  .Vripturc  informs  tis  that  NoaJi  planted  a  vinc- 

lijnuil  aud  dnmk  winr :  and  the  heathen  writent  ure  uiumimous 

tn  ascribing  tJio  invention  of  this  liquor  to  their  onrliost  kings 

and  herocH.     Deer,  too,  seems  to  have  been  diseoven'tl  at  a 

Tery  remote  period.     It  n-as  in  common  use  in  Eg)-pl  duruig 
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[OM^ia  tlie  diDo  of  Herodotu§.*  TWttus  infiinns  ua  that  it  was  the 
drink  uf  Uie  Gcmiai)8.f  Whether  thi>tit)dciitN  bad  any  method 
of  procuriag  anl«<nt  HpiriU  Irom  tbese  w  any  other  liquors  does 
not  apjiear.  Tlie  ( ireelw  and  Itomaiis  seem  to  Iiiivc  lnH-n  tgiUH 
mtit  uf  ardent  »]>iriu  idtntrclhcr,  at  least  we  can  discover  no 
tJUVCH  of  any  ttucli  liquor  in  tlieir  writinf(fi :  but  among  the 
Dorthcra  nntioiut  uf  Europe^  intoxicating  liquora  were  In  use 
from  thr  wirii<'st  afres.  Wlieibcr  these  liquors  lesembled  the 
beer  of  tlic  Ciormaas  we  do  not  know. 

At  what  period  these  liquon  were  first  sabjecAcd  to  distiUa- 
doo  is  unknown ;  titougli  it  can  scarcely  have  [>rcc«ded  the 
time  of  the  ali^hymku.  'I'bv  proiMii*  is  simpleu  Nothing  more 
is  absolutely  necessary  than  to  boil  tliem  in  a  still.  The  finil 
portion  of  wliat  cocnea  over  is  ardent  tpirila.  It  is  cettain.  at 
least,  tlial  the  melliud  of  procuring  ardent  spirit»  by  diMiUatioB 
was  knotifn  in  the  ilurk  »g«s;  and  it  is  morv  titan  prolnable  that 
it  was  practised  in  the  north  of  Europe  mudi  earlier-  'I'bey  ' 
ore  meudooeil  expressly  by  1'haddssus,  VUlanovanua,  and  H 
Lully-t  ^ 

It  is  by  tlie  distillation  of  fermented  liquora  that  ardent 
spirits  are  obtained ;  and  tliey  r«ceire  variints  names  aocordiag 
to  the  nature  of  tlie  subi^tuncti  eta{>loycd.  Thus  brandy  is  pro- 
cured from  wine,  rum  from  ilio  fermented  juiee  of  the  Migar" 
ciiuv,  whitky  and  gin  from  the  fermented  infuiuoii  of  malt  or 
grain.  Now  ardent  a])irits,  whatever  be  their  name,  consist 
almost  entirely  of  three  ingredients :  veimc\y;  watery  pure  xpiril 
or  alc-ohol,  niid  a  little  oil  or  retiHy  to  which  they  owe  th«ir^M 
flavour  and  colour.  ^^ 

BKUAaiieo.  1.  When  these  spirituou«  liquors  ak  rcdt»tilled,  tite  first 
portion  that  comes  over  is  a  line  light  tnul^«parl■^t  liquid,  known 
io  c«mmereo  hy  the  name  of  rttlijitil  tpiritv,  niul  coniniooly 
•old  under  the  denojniualion  of  ulcoliol  or  ^irit  of  wine.  It 
HjIWt,  however,  as  ftlrong  as  possible,  still  containing  a  con- 
riifexablv  purtiun  of  u-utcr. 

The  method  usually  practised  to  get  rid  of  this  water  ia 
mix  the  spirita  with  a  quantity  of  very  dry  and  warm  aaU 
tartar.^  This  sttlt  has  a  strong  attraction  for  water,  and  the 
greatest  part  of  it  is  insoluble  in  alcohol.  It  accordingly  com- 
bines with  the  water  of  the  spirit;  and  the  solution  thus  formed 
nks  to  the  bottom  of  tlie  vessel,  ami  the  alcohol,  which  is 
lighter,  swims  over  it,  and  may  easily  he  <locunti.-d  otT;  or,  wliot 

•  Lib.  ii.  [).  77.  t  I>e  Morib.  Oenn.  ch.  ssU. 

I  Berginnn,  ir.  an.  W.  \.  $  Impure  (Stboaste  of  fietasfa. 
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k  {>rrhnp«  better,  the  Bolution  of  pobwli  may  be  A<niwn  off  from  ^^  <■■    I 

■elow  it  b)'  mf*m  of  a  Mupcock  placed  at  the  battom  of  the  ] 

■MteL*  The  aJcohol,  thus  obtained,  vHen  oinlainit  a  little  potaah  J 

bbnlvH,  which  may  be  sejiaraled  br  Hislilling  il  in  a  n-nter  J 

■Bth.     Tlip  Rfitril  pikMCH  over,  and  leaves  the  potash  behind.  ^H 

■I  is  |itopcr  not  to  dlHtit  to  dryiieM).     This  process  is  first  m«n-  ^^M 

EAmimI  hj  Lully.     The  Uqtiid  procured  by  means  of  it  has  been  ^^M 

Wtunlly  dnting^uished  by  the  name  of  utcoAoL  ^^M 

I     Alcohol  is  said  to  have  been  first  accurately  described  by  ^^ 

lAmold  de  Villa  Novo,  who  was  bom  ahotit  Ote  end  of  the  1 

Miirteenib  century.     'ITiis  clieniivi,  wlto  W!w  professor  of  medi-  ^M 

Mine  ut  Montpeli«r,  first  formed  tinctures,  und  iiitnxluced  them  ^H 

feto  medidiie.t  '  ^^M 

m  llw  ipccifie  ^vtty  offipirits,  as  highly  rectified  a-<  poMlhIc  ^^M 

py  npeatnl  dLililtalions,  seein<i  to  lie  about  0*8*20.  at  tlie  tern-  ^^M 

linmture  of  W ;  but  the  alctJiol  of  cofomerce,  which  is  nothing  ^H 

Use  titan  redifiod  ^piritti,  '»  HcMnm  under  '6t)7l.     Ky  means  ^^M 

nf  mlt  of  tartar  Mu>ichenbrO€ck  brought  it  as  low  a« -SI 5;  hut,  ^H 

pi  ^eoenl,  tlie  alcohol  concentrated  by  that  procetK  is  not  tmder  ^^M 

■ML  owing  to  the  weaknesa  of  the  spirits  employed.     Even  at  ^^M 

^^Ppccilic  gravity  -HllV  tlie  alcohol  iit  by  do  means  pure,  still  ^^M 

Eontnining  n  consi<Ieral)le  portion  of  water.     Dr.  Dlack,  by  ^^H 

Hi^MDlcd  distillations  off  miu-iatc  of  lime,  nbiained  it  as  tow  as  ^^H 

MOOt  bnt  it  was  I.owitz  of  Petcrshnrgb  who  lint  hit  u[)on  a  .   ^^M 

WfmOkvA  ofobteining  alcohol  in  a  state  of  iibsoUile  purity,  or  at  ^^ 

BbbA  wry  nearly  so.     His  process  n-as  published  in  I706;{  1 
bnd  tlte  aame  year  Itichter  made  known  another,  by  which  the 
kme  purifinition  wan  iicei>mpti«hi>t  with  ^till  grciiter  fitcllity.f 
^^The  proeewof  l.owiuisuK  follows:  Take  a  quantity  of  fixed  iJSJ^',^^ 
^Hllo  perfectly  dry,  ajw)  Mill  warm,  and  nearly  till  with  it  u  "^  '""- 
HHk.     I'pon  this  pour  such  a  quantity  of  alcohol  (previously 
larov^ht  to  -8*2 1  by  means  of  Kilt  of  tartar)  as  can  be  absorbed 
by  the  alkali  compleleiy,  so  that  the  whole  shall  have  the  appear- 
huDtt  of  II  solid  mass  witliout  any  alcohol  swimming  above.     In 
ifmcnl,  the  portion  ought  to  be  two  parts  alkali  and  one  part 
Ulcobol.     Allow  iJiis  mixture  to  remain  for  24  hours,  and  then 

E^*  Sea  lUs  pracvs*  ikscribod  by  HoAloan  an  oew,  in  bi>  Otucrtuioiic*. 

bk]r«..CMiii.  8«l«et.  p.  30,  puhlisli«cl  In  ITn. 

I     t  He  I*  said  "Iso  to  have  been  ilw  rimt  wlio  obtained  the  ml  oT  tarpcn- 

I  liDa.     Ho  pracorad  il  hy  dixtilUng  turiieiitint!,  and  ctDplojDd  It  u  ■  loltent 

I  tf  raihis.     I  bsTt  not  bfva  able  to  find  tuj  tracni  of  those  diacovtruM  in 

I  my  of  lh«  mcU  of  Arnold  ibat  I  faavo  louhtJ  iliruu^i. 

I     t  Creb**  AiwdIs.  I7M,  i.  105.  §  Iliiii.  il.  SI  1. 

I     It  prannae  b  the  Kate  of  carbonate. 
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f*^  '"■  distil  by  ft  lieot  so  modHrnte.  tliAt  about  Iwo  gf ooiidg  i<lm^ 
between  tl»e  fitllin^  of  the  drops  of  alcohol  from  tlie  beak  of 
div  receiver.  W'lieii  tliU  inberval  inore&sea,  the  receivei  muat 
be  diaiii^ ;  for  il  i«  a  nijrn  tttnt  all  ibe  strong  alcohol  lta«  come 
*nT.  W'lifit  comes  over  utxl  is  weaker.  Uy  iJii»  jirucisM 
Lowitx  (d>tain«d  olcobol  ^^  '''^  spccifie  gravity  0-7dl  at  tUe 
tsmpunlure  of  6dV<'  ■■—i 

Winn  Kicbtcr  repeated  the  exporinieiit  uf  lA'vllXy  lio  n'dtKwd 

' '4lie'  alcohol  to  the  n|ifciiic  gnivity  0-7 !>'i  at  ihe  leiii[>eruture  of 

68^,  but  (.-ohUI  not  briti);  it  any  lower.     He  fouud,  upon  trial, 

'that  the  follDW-iiiif  method,  wlik-h  ii>  much  more  expeditJou.*, 

I  ansuered  equally  well  wiili  tliuXut  [.owiu:  he  ex(Hxied  a  (juaii- 
tity  of  tlie  Hall  called  eldoride  of  caldum  to  a  red  hvat,  reduced 
it  to  pou-der,  and  iiilroiiuix-d  il  vrbtle  yet  trurm  into  a  rotort, 
and  jioured  o%-it  it  iit  iitUTvaU  u  qiuuility  of  alcohol,  of  0-&H, 
ticarly  equal  to  it  in  w«-iglit.  A  vtolvut  heat  wa»  produced. 
The  retort  wu  put  ujion  a  mid-hatli,  a  receiver  adjusted*  and 
■the  IJquiil  nadv  to  hoiL     Thv  liolt  vnu  diMwlved,  and  formed 

hwilh  llio  alcohol  u  thick  solution.     The  portion  ihat  had  piuwd 
lOvrr  into  tlie  n^civer  woa  nuw  poured  back)  find  ibedislillatioii 

■was  continued  till  un«-luilf  of  the  alcohol  ctunc  over  into  the 
receiver.     The  receiver  inuNt  now  be  changed,  iu>d  the  dJjttiJ- 
lalion  contintieil;  boouuse  what  vouKi*  over  next  is  weaker. 
'I'he  fir»t  portion  of  alcohol  tliu«  obtained  vas  of  the  specifier 
gravity  0-7^'2,  at  the  temperature  of  Qt^, 

M.  PujotdesCharmes  has  8ug^et>ted  another  mode  of  rectify 
ing  HpiritB,  founded  upon  ijie  property  which  delitjuv^ccnt  iiall% 
aA  chloride  of  calcium,  cldoride  uf  ma)igane§>e,  &c.  have  of 
ah«oriiiu^  thu  vapour  of  water,  without  avtiug  u|>ou  the  i-apour 
ofnlcohol.      He  puts  in  to  a  dat  VMscl  the  spirits  whii-hlif  wishe* 
to  rectify,     Aitd  in  snuiher  vessel  stBtidiiig  oti  a  tripoil  over 
the  Hpirits,  he  puts  a  <]ua]itity  of  dry  chloride  of  calcium  reduced 
to  a  coiuHO  powder,  luul  covers  tlie  whole  with  a  large  ghus^ 
roc4<ivfr,  placiil  inverliNl  over  a  flat  dUh  containing  enough  of'V 
mercury  or  melted  tjdlow,  to  oxeludc  elTcctually  all  communi- 
cation betneen  tlie  external  air  and  the  iimide  of  tlie  rtt«civcir<  h 
The  ApirilA  Iteiiig  a  comjiouiid  of  alcohol  and  n'iiler,  both  ol^ 
which  li(|uidK  evaporate  at  the  common  tempemturc  of  the 
atmosphere,  tltc  receiver  in  mkui  filled  with   tlie  vapours  of 
eaeli.     But  the  chloride  of  cnli-ium  alMorbing  the  ra|Mkur  of 
water  as  tint  ivt  it  !>>  formed,  tbv  H(]UPou«>  portion  of  the  liquid 
cunliuuMi  to  evaporate;  while  the  alcohol  vapours  not  bcio^ 
absorbed,  continue  to  fll  tlie  receivvr,  and  by  their  elasticity  I 
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f>f»r«nt  all  fftrtlior  oiit]>nration  of  dutt  liquid.     This  pruoess     "m-u 

['tk4ng^  commiml  for  wvera]  Klayti,  the  spirits  obrioiuly  naat 

fiwcbnic  »rr(mg*r.     Wlien  th<?  tflilurWc  of  ntciuro  hegiii*  to 

ipp^ar  moiM  ou   lh«  MurfiuM',  t)i<<  proceM  miot  be  Htt>|i(i«(l, 

[■Strppow  t)ie  sitedfif  (fnivity  of  the  9piritx  at  first  0-920  by  ibis 

tint  pracuH,  dt«  «|H>cific  gravity  will  prubably  bo  n-<)ucml  as 

Imr  am  0>80Q.      Kcmore  the  first  poTrioii  of  vhlorido  of  culciutn, 

'lind  fprat  the  pru^HA  with  a  fresli  pottioii.      By  repeating  the 

I  'procMs  two  or  three  titn«s  t}i«  Rpwilio  gravity  of  tlte  spirita 

nay  beeaallj'  reditoed  to  0-8I7.*  '     ' 

Mr.  Ilinmiw  <lTiih«fn  i>f  Olftsffnw  hax  CTin^Wrnihly  inipnivwi 
thi»  ]irocrs8,  by  suMilniing  quicklime  for  dilorido  of  <-ul(-iumf 
iMd'ti)-  'pottJiig  the  fikohol  mill   Hmo  uiider  the  exhaiuted 
KCNM\^r  irf  »ii  nir-ptiinp.     'llii*  incvnue*  the  lapidity  of  the 
|ir.>c«*««,  iind  pntiuiblyM-raHiAmagmtUrincMamiii  th«Mri-ngtii 
I  of  Ap  alrahol.     IikIpM,  tie  was  sbl<>  in  this  wuy  to  produnt 
rthMlut<>  klruhol.     This  mode  of  rtctifyiitg  spirits  ini|rht  pro- 
Mr  br  employed  it-ith  ad^'atitagc-  by  the  rectiAcr.     Tbr  lorn 
'of  nlitihol  wouM  not  he  grcnt,  and  tlu>  lime  though  slacked 
'irotitd  itot  he  in  the  lKi-<t  Injured  in  m  properties;  but  might 
rbe  applied  itgain  and  n]Epiin  to  (li«  »nme  purpose,  by  simple 
Mpft«ii«*  to  a  ml  hral-t 
2.  A  k-ohol  obtAined  by  these  processos  is  u  tnuiRparent  liquor,  rcvpmm. 
'colaurlpss  ai  n-ater,  of  a  pleusiit  Hmell,  and  a  tinmg  penetrat- 
ing agreeable  taste.     When  <<w»lloived  il  producer  iiitoximtiun. 
Its  (trop^rties  differ  (M>meM'liala<'r«jrdiiig  to  itN  !>trengtfa.     When         •"^■' 
1  ^irociircd  by  Ijou-itK*]*  or  Uiditer't>  procetK,  we  maj'  dutinguiiih 
■"  It  Sv  ihi"  natnc  nf  /mrr  ntmhiJ,  or  tthmiliitf  nhiihiii,  iis  no  inflli<id 
known  can  di-pTivv  it  of  iiny  more  water.     Whi-n  tliL'  Kpt^cific 
'jfTtivIty  it  hlglirr,  the  iilc«>hol  \%  cmntumtiifitt'il  «itlt  water,  ai»d 
tthi*  propoTtitnt  of  ihut  liquid  prrwnt  iiicr«wv« with  tlies]iedfic 
'gravity,     Chrmivtn,  in  general,  huve  einplnyt'd  tlii*  impure 
Jeohol,  or  ihiH  mixture  of  uk-oliul  and  water,  in  their  exf>eri- 
'tnenta  :  and  a-t  ihey  liave  too  oftun  ni'^leetn)  to  point  out  tJic 
•ptvjfic  gravity  of  the  npirit  used,  w»  ore  stiii  in  Home  n»»i»urv 
Ignorant  of  tin'  propertieit  of  tliis  imporliuil  liquid.^ 

•  Ann.  lie  Chun,  rt  dc  Pliy*.  sxix.  3«S. 

:  Edinlmt;:!)  PhiL  TVant,  sL  !?&  Mr.  tjfnhnm  round  that  chloriile  of 
(akiim  maid  nnl  Iw  immI  mllioiit  (oniadcialilc  Iom  of  ihc  alcohol,  becauM 
il  abaortM  alcrahnUc  fapour  •*  >tll  ti*  aquoous  The  loine  remark  appliec 
[n  Hl|ihurk  ockl,  »hkb  ihcrcfoTc  wowld  not  answer  for  coucuntrating 
■Irohol. 

I  Pahrtnhcll  VM  oMoflhrAntwhouccnninailMaitaf  thercwuritable 
impatioi  of  aUobol  whh  cxaclneas.     ICi  okobol  «aa  of  ibc  speclEc  gr^ 
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Clap.  III.  3.  Akohol  u  perfectly  limpid  and  reroarkably  fluid,  and  il 
may  be  exposed  to  r  lower  t«iii)iprattir«  iliaii  any  ulUrt  knovm 
mbetaoce  witlivut  Umag  itn  fluidity.  Mr.  Wnlkcr  of  Oxford 
reduced  an  alcohol  UtrrnioniKt^r  to  tiiv  tvmpcruture  of  —  91" 
without  jiroduciiig'  any  change  in  it.  But  Mr.  Hutton  of 
Edinburgh  announced  in  1813,  that  lie  liad  been  able  to  frenc 
it  by  expofling  it  to  a  cold  of ' —  1 10^.  'i'he  alcohol  employed 
by  him  was  of  llic  specific  gnivily  0'7flrt  at  the  Irmpernttirc  of 
60°.  He  suys  tliiit  tJiv  alcoliwl  divided  into  tbiec  Luyers.  The 
uppennoHt  vna  yellow,  the  undermost  wiw  alcohol.  What  the 
middle  one  wus  he  does  not  Hiiy.*  But  tti  Mr.  Hultoti  has 
tliougbl  proper  to  conceal  the  method  which  he  employed,  and  as 
no  one  else  has  been  able  to  produce  so  great  a  degree  of  cold* 
the  IVeezing  of  alcohol  mmt  slilt  he  considered  us  doubtfuL 

It  is  a  very  volatile  liquid.  Fahrenheit  found  lluit  alcohol 
of  till-  Kpeeific  grarit)-  of  abont  'BiiO,  nt  tiie  teinpentturi!  of  00°, 
boiled  when  heiited  to  I7&>.f  When  of  tlie  i)j>eclfie  gravity 
•eOO  it  boils  nt  173"^. 

The  following  table  exhibits  tlie  boiling  point  of  alcohol  of 
TBrious  Btrengthi,  as  determined  by  tbe  eipertments  of  Yelin.} 


'  '<iiit> 


Aliehul 


100 
99 
98 
97 


So  (n»it)  or 


0-796 
0-794 
0-797 
0-800 


nnlling 


170''.G 
170-42 
170-33 
170-83 


flfl 

95 
94 


iTl(»<rf 


\n;:; 


IWIIt« 

1«IM. 


0-803 
0-805 
0-B03 


l7l>»-46 

170.58 

17lt-65 


I 
I 


I  have  inserted  tlie«e  results  of  Vetin  (tliougti  satisfied  tliat 
he  places  the  boiling  point  too  low)  to  draw  the  attention  of 
experimenters  to  the  variations  which  he  olwcrvcd  in  the  bolUng 

»ily  SSS  ftt  the  teiiipenitun;  of  \».  See  Phil.  Tmn*.  ITS*,  vol.  nxifH. 
p.  114.  Pourrro}'  infarmn  Ufltliutthctpecificgnrit^ofthcnioit  hiiMync- 
tified  »leoh(d  in  O'M03,  oil  bout  ■pocifyi'i^  the  Icmprrntiirc  The  cxirauity 
of  Uauuiv'i  hjiltuuiulur  (or  ii|iirit^  (iKCortlin^  to  Nicholion'i  tnbic,  (Juorl* 
Jour.  i.  SD),  AiiBwera  to  tlw  ii|><:cific  grsTtty  •»\T,  temp.  ii'.  Thii  mar  be 
coiuidciviJ  II*  l>(.70ntl  the  »lrunglh  of  the  ulcohol  uicd.  In  Oerniony.bcfera 
Lonili'i  ctpcrimmu,  the  Mrongdit  nlcohol  Kumn  seldom  to  hiive  exeMdcd 
O^TS\  tal-ff;  nnd  iathn  country  it  i«eonimonly  i^onnilerubly  weaker,  TIm 
highot  pmnt  ot  Clnrk')  hy Jr«iDeIer  cormpondii  with  iiUohul  a(  about  '634 
U  30*.  Dr.  Lcwit  «l«lci  the  purett  ulcohol  of  ihc  upocific  gmfity  (^AsOl— 
NcuDiaii'ty  Chctn. 

•  Annala  of  Philooophy,  i.  881.    f  Phil.  Tram.  1724,  vol  xxxiiLp.  I. 

t  Kaitm'i  Arch.  i.  Ma 
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at  very  tnmll  dniif^o  m  the  iitreiif|;iJi.  Ho  found  Umt  bm.  il 
■tcobol  of  0-800  luul  Uifl  lovMt  boiliii);  point,  uul  lluit  alcohol 
of  0-791  requirml  a  higher  lcro)M.TmlDr«  to  Iwi]  tt.  I  nm  p«r- 
tJOMletl  thitt  thcnc  rr«uUa  of  Ycltn  ore  tnae<»tnite,  autd  that  the 
followinf^  table,  furnished  hy  Gruniii};,  *  comca  nearer  tlie  truth, 
M  1«IM  it  agrees  roucb  better  with  my  own  tmla. 


I 


'^JT^ 

AXvtnl 

IWIllH 

«'' 

0-904 

20&-«94 

55 

0'9O3 

)79-<'d6 

10 

O-flQ? 

199-22 

60 

0-892 

179-42 

15 

0-OdO 

193-8 

65 

0-880 

178-7 

30 

0-973 

I92-3e 

70 

0-868 

177-62 

W 

0-965 

189-5 

75 

0-856 

]7«-54 

», 

l)-05« 

187-16 

80 

0-844 

175-40 

85 

0-946 

185 

83 

0-891 

174-92 

40 

0-096 

183-38 

90 

0-818 

174-S 

■46-' 

0-935 

182-12 

95 

0-805 

173-ia 

50 

0-914 

181-58 

Boilii^  conrertii  alcohol  into  nn  elastic  fluid  capahle  of  reaifit- 
ingthepf«asureof  th«atniaRpli(yr<>  wilnngi»  th«  heat  continues, 
without  undergoing  any  chungi-,  hut  Again  condeniied  into 
alooliol  when  liie  lompemture  ih  n-ducod.  Its  spedfic  gmvity, 
acconlliig  to  tliv  cxperimeots  of  Gay-Lu^suct  it  l-6l33.f     I  I 

bcliorc  the  tntp  qiedlic  ^rravity  to  be  1*6<)00. 

4.  Alcohol  haa  a  otroug  affinity  fof  wator,  and  is  miscible  Jj^'illn. 
with  it  in  every  pmportion.  The  specific  gravity  varies  accord- 
iti^  to  the  proportion  of  the  two  liquiiii  conihined  ;  bot,  as  Itap- 
peng  ill  almost  all  combinations,  the  hpccitiL-  gravity  in  aluiiyH 
gnmUr  than  the  mean  of  Ihv  two  Itquidx ;  oonscquently  there 
■  amutual  |>cnctnition :  and  as  this  penetration  or  conden«ition 
varies  ako  with  the  proportions,  tt  in  cvldt'nt  tliat  the  specific 
grarit)-  of  dilTetent  mixtures  of  alwhul  and  water  con  only  be 
BNoertain«d  by  experimenU  As  the  Hpiriuious  Itquon  of  com- 
merce are  merely  misturea  of  alcohol  and  water  in  different 
proporUons,  and  as  their  xlrrtigth  can  only  be  appertained  with 
precbion  by  means  of  their  fl{H-eiAc  griivit)',  it  becomes  a  |>oint 
of  very  gnat  importance  to  determine  »-itli  prvcioEvn  the  pro- 
portion of  alcohol  contained  in  a  spirit  of  a  given  spceific  grarity : 
nod  aa  the  specific  gmvity  varies  with  tlie  temperature  it  ia 
neccwary  to  make  au  allowance  for  tliat  likcvue. 


•  IlkiL  Ana.  SI3L 


t  Ann.  de  Chtm.  «  Pliya.  L  £18- 
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Oip,  lit  Xhe  importance  of  knowing  with  precision  th^  .pi(q>ortion  of 
alcohol  contained  in  spirits  of  every  specific  gravity,  has  indoced 
many  different  persons  to  make  experimeotfi  in  order  taiscertain 
this  point  with  exactness;  but  as  they  set  out  from^ alcohol  <^ 
very  differtoit  strengths,  it  h  not  easy  to  oompare  thdr  results 
with  each  other.  We  hav*  seen  that  the  pore  aloohol,  by 
Ixtwitz'  process,  is  of  the  specific  gravity -791  at  the  tempera- 
ture of  68°.  That  chemist  mixed  various  pribJltortibUs  of  this 
alcohol  with  given  weights  of  pure  water,  and  after  all<»wing  the 
mixtures  to  remain  for  24  hours,  took  the  specific  gravity  of 
each  at  the  temperature  of  68°.  The  Ebllowiog  table  ezhibiti 
the  result  of  these  experiments.  The  first  t^p  columns  con- 
tun  the  proportion  of  alcohol  and  water  (in  wei^}  mixed 
together,  and  the  third  the  specifio  gravity  (tf  the  mixture  at 
68°.  I  have  added  a  fourth  oolimn],  cootuning  the  8pe<dfic 
gravity  at  60°,  the  temperature  commonly  pnferred  in  thh 
country.* 


mroiTtiioat 
nulurs  of 
IkoluiliiDd 


100  pub. 

^r«*%. 

Mthik. 

ar.ain»r. 

AlnboL     Wit- 

Atte*. 

Ateo*. 

AlcDb. 

W»l. 

■t«*. 

MOD*. 

100 

i_ 

791 

796 

79 

21 

84T 

e&i 

99 

1 

794 

798 

78 

22 

849 

853 

98 

2 

797 

801 

77 

29 

851' 

855 

97 

3 

600 

804 

76 

24 

853 

857 

96 

4 

80S 

807 

75 

25 

856 

860 

95 

5 

805 

809 

74 

26 

859 

863 

04 

6 

808 

812 

73 

27 

8«I 

865 

93 

7 

611 

815 

73 

28 

868 

867 

92 

8 

818 

817 

71 

29 

866 

870 

91 

9 

816 

820 

70 

30 

868 

871 

90 

10 

818 

822 

69 

31 

870 

874 

89 

11 

821 

825 

68 

82 

872 

875 

88 

12 

823 

827 

67 

33 

676 

879 

87 

13 

826 

830 

66 

34 

877 

880 

86 

14 

828 

832 

65 

36 

880 

883 

85 

15 

831 

835 

64 

36 

882 

886 

84 

16 

834 

838 

63 

37 

885 

889 

83 

17 

836 

840 

62 

38 

887 

891 

82 

18 

839 

843 

61 

39 

889 

893 

81 

19 

842 

846 

60 

40 

892 

896 

80 

20 

844 

848 

59 

41 

894 

898 

*  Crell'i  Aniub,  1796,  i.  303. 


ALCOHOL. 


1- It 

1   •„■!■: 

-Wirmui-' 

""(^aWUt,. 

ICO  Pun. 

9p  Ornliri 

Atnfe. 

Wtt. 

usr.  1  uaf. 

Almh, 

».!. 

»1  w. 

•lO". 

1..  i..,|., 

'68 

42 

mm 

900 

28 

72 

969 

9t>2 

-  1 !  .,  -  .1 

67 

43 

ms 

903  . 

27 

73 

961 

963 

m 

M 

44 

fWl 

904 

26 

74 

9B3 

965 

m  . 

55 

45 

£M)3 

906 

25 

75 

965 

9ti7 

„\i  111 

54 

46 

!M)3 

ooa 

24 

76 

966 

9(J8 

^1 

5S 

47 

907 

910 

23 

77 

9GS 

970 

It' 

52 

48 

909 

912 

22 

78 

970 

972 

^ 

51 

49 

912 

915 

21 

79 

971 

973 

50 

50 

914 

917 

20 

80 

973 

974 

' 

49 

51 

917 

920 

19 

81 

974 

975 

'  '*  iji' 

48 

32 

919 

922 

19 

82 

976 

Hi 

47 

ft3 

921 

924 

17 

83 

977 

4G 

54 

923 

926 

16 

84 

978 

'(■■-  ■■' 

45 

55 

925 

928 

15 

85 

980 

44 

5€ 

927 

930 

14 

86 

981 

43 

67 

930 

933 

13 

87 

983 

42 

58 

932 

935 

12 

88 

985 

41 

fiS 

934 

937 

II 

89 

986 

40 

60 

939 

939 

10 

90 

987 

39 

61 

938 

941 

9 

91 

988 

311 

62 

940 

943 

8 

92 

989 

37 

63 

942 

945 

7 

93 

991 

36 

64 

944 

947 

6 

94 

992 

36 

65 

946 

949 

5 

95 

994 

34 

66 

948 

951 

4 

96 

995 

83 

67 

950 

953 

3 

97 

997 

■•a 

68 

962 

955 

2 

98 

998 

31 

69 

954 

957 

1 

99 

999 

30 

70 

956 

958 

-'— ■ 

lOO 

1000 

29 

71 

957 

960 

S7I 


Mr.  Tnlltoi  of  tlic  Dcrlin  Academy  publigli«(l  an  elaborate 
•et  of  cxperimcntM  upon  lliis  subject  in  th<!  year  Iftll.*  Hie 
following  tiiblc  which  esJiibits  the  irtiult  »f  his  expcritnrtits, 
I  coiMi<ltfr  us  d«Mn-iiig  to  br  ^^norally  known,  tliough,  as  be 
Bted  volumes  inMoad  of  weights,  lib  cxperiiiieiin  cannot  be 
expected  to  possess  tlie  iiecurac)-  of  those  of  Mr.  Oil])in,  which 
I  ihall  give  afWrwards. 

■  dilbcrt'*  Anoalea,  xuviii.  S6A 
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NEUTBAI,  COMPOUHIM. 


ni. 


TOmcMnra 
tkxiM. 

■tn*. 

"— 

•ys?* 

»— 

0 

0-9991 

43 

0-9461 

17 

1 

0-9976 

15 

44 

0-9444 

17 

3 

0-9961 

15 

45 

0-9437 

17 

3 

0-9947 

14 

46 

0-9409 

18 

4 

0-9933 

14 

47 

0-9301 

18 

5 

0-9919 

14 

48 

0-9373 

18 
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13 

49 
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19 
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0-9893 

13 
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0*9335 

19 

6 

0-9881 

12 

51 

0-9315 

90 

9 

0-9869 

12 

52 
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30 
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12 

53 

0-9275 

30 
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12 

54 

04354 

31 

13 

0-9834 

11 

55 

0-9334 

30 

13 

0-9823 

11 

56 

0-9313 

31 

14 

0-9812 

11 

57 

0-9193 

S3 

15 

0-9802 

10 

58 

0-9170 

93 

16 

0-9791 

U 

59 

0-9148 

22 

17 

0-9781 

10 

60 

0-9126 

22 

18 

0-9771 

10 

61 

0-9104 

22 

19 

0-9761 

10 

62 

0-9082 

S3 

30 

0-9751 
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63 

0-9059 
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21 

0-9741 

10 
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0-9036 

S3 

22 

0-9731 

10 

65 

0-9013 

S3 
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0-9720 

11 
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0-8989 

24 

24 

0-9710 

10 

67 

0-8965 
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25 

0-9700 

10 

68 

0-8941 

S4 

26 
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11 

60 

0-8917 

34 

27 

0-9679 

10 

70 

0-8893 

85 

28 

0-9668 

11 

71 

0-8867 

S5 

20 

0-9637 

11 

72 

0-8812 

25 

30 

0-9646 

11 

73 

0-8817 

25 

31 

0-9634 

12 

74 

0-8791 

36 

32 

0-9622 

12 

75 

0-8765 

36 

33 

0-9609 

13 

76 

0-8739 

Sff 

34 

0-9596 

13 

77 

0-87 12 

S7 

35 

0-9583 

13 

78 

0-8685 

37 

36 

0-9670 

13 

79 

0-8658 

S7 

87 

0-9556 

14 

80 

0-8631 

37 

38 

0-9541 

15 

81 

0-8603 

38 

39 

0-9526 

15 

82 

0-8575 

28 

40 

0-9510 

16 

83 

08547 

26 

41 

0-9494 

16 

84 

0-8518 

29 

42 

0-9478 

16 

85 

0-8488 

30 

.ALeOltOUMWA*m 


•^isi'"' 

DkOnM^i 

UU  mruurt* 
tfwiUinuf 

4(1  ei"'!! 

DiOttvitm. 

•SBW 

*8 

0-e4ft8 

ao 

94 

0-8194 

m 

e? 

0-d42B 

30 

65 

0-8157 

37 

68 

0*6387 

ai 

96 

0-81)8 

39 

eo 

06365 

32 

97 

0-8077 

41 

90 

o-eaaa 

33 

96 

O-dOOl 

43 

91 

0-W299 

33 

99 

0-7988 

40 

92 

o-dad5 

34 

loo 

0-7939 

49 

98 

0-6030 

3ft 

9nt.  II. 


be  linpurlance  of  tliiH  olijecl,  1>i>Ui  Tor  tlie  purponco  of 
luu  uihI  ('(iiuaivrcc,  li)(1<iim.-(1  tbc  BrilUU  C>avi>rnincnt  to 
mploy  Sir  Cliwlus  niuf^cii  to  iti^tittitv  a  wry  tniiiuu-  and 
an-umtc  M-riv*  of  cxjK-rimenl^  An  account  of  llic«c  vnm  pub- 
lishfd  by  Bla^deti  in  the  Piiilosopliicnl  Tnmsnctlons  for  1790; 
ami  a  set  of  tables,  cxkibitiiiG;  tlic  rosult  of  ihpin,  was  drawn  tip 
by  Mr.  Gilpin,  who  had  performed  the  expeTiment*,  itnd  pub- 
Ii))li«d  them  in  tlie  Fhilot«iphica]  'I'rnnsitctionH  for  1794.  Tlie 
folbw-ing  fjiMe,  cxtTHctt-d  fn>m  these,  coittnliii  tin-  specific 
^rity  of  different  mi.\ttn\-»  i>f  alcohol  and  water  at  every  6* 
of  t«inpi'riiturc  from  30*  to  100°,  Th<-  alcohol  employed  as  a 
ftudard  n-u  of  the  !>pccif)c  fjnivity  0'H25  at  the  temperature 
rf6D':  and  was  eomi>o^d,  accunliii^  to  the  oxperimcnts  of  Mr> 
Gilpin,  of  lOOparta  of  alcohol  of  the  specific  ^ravit}- 0-814  and 
4*&  nf  vater.  From  the  preceding  table,  w«  Me  tliat  alcohol 
af'825  b  eompoaed  of 


<;ilnlnt 


89  pure  aJcobol 
11  water 

100 
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NEUTRAL  COMPOUNDS. 

L  m,  nature  of  aloaho),  Stabl  tliought  that  it  was  composed  of  n 
very  light  oU,  unilod  by  meaits  of  an  acid  to  n  quantity  of 
water.  According  to  Junker,  it  wiuk  conipoitcd  of  phloj^loiit 
combined  witli  water  by  means  of  an  acid.  Cartbeuiier,  on  the 
Other  liaii<l|  alBmiiNl  tlmt  it  contained  no  acid,  ami  lliat  it  wvm 
nothing  else  tlian  pure  jihlogitttuii  and  water.  But  tliotc  hypo- 
diesH  were  mere  assertions  supported  l>y  no  proof  wlmtcver. 
lAroiner  wan  llie  limt  who  attempted  to  analyze  it.  He  borut 
a  quantity  of  alcohol  of  the  Kpecilic  jj^ravily  O'a'iO.?  in  a  glass 
jar,  AlAiiding  over  mercury  hikI  filled  witli  oxygen  gns,  and  lie 
cnlculiitcd  (be  constituents  of  t)ic  alcohol  from  tlio  quantity  of 
oxygen  gas  cvntiumed,  and  the  quantity  of  carbonic  acid  formed 
by  ^e  combustion  of  a  given  weight  of  idcobol.*  But  the 
rcsidts  which  he  obtained  by  this  process  could  not  1>c  acctirate, 
because  a  quantity  of  the  alcohol  would  evaporate  without 
burning,  and  he  had  no  means  of  determining  the  proportion 
which  tliis  quantity  bore  to  the  whole.  In  the  year  1 807,  Mr- 
Theodore  de  Waiiwuro  resumed  the  investigation  of  the  com- 
position of  akuliol.  lie  tried  the  method  of  I^ivoUicr.  H« 
likewise  detonated  a  mixture  of  vapour  of  alcohol  and  oxygen 
gas  by  means  of  electricity.  But  the  metliod  upon  which  be 
put  the  greatest  n-1iiiiice  was  to  discompose  alcohol  by  passing 
It  through  a  reil  hot  por<.'clain  tube  and  to  analyze  the  corohu»- 
tiblo  gas  which  wait  produced.!  I'"^  re«ultH  which  be  obtained 
by  these  different  processes  differed  considerably  from  cadi 
otlier.  They  were  no  doubt  nearer  the  truth  than  thoM  of 
Lavoitiivr;  because  conddciuhlfl  progress  huil  been  made  in 
the  lut  of  analysis  since  t}ie  time  of  that  philosopher.  Bat 
they  could  he  considered  only  as  ajtproximations.  M.  De  Sau)»- 
Burc  turned  hi.t  attention  to  llih  Hubject  again  in  1819,  and 
published  fi  new  aiuilysis  of  alcohol,  which  nuiy  be  considered 
as  approaching  us  nearly  to  precision  as  llie  present  riatc  of  the 
science  of  chemistry  will  ndmiu  He  emplvycil  for  his  analysis, 
alcohol  of  the  spccilic  gravity  0-830'J  at  the  lempeT&lure  of 
OS'S',  obtained  by  reetifjing  common  spirits.  This  alcohol 
was  a  compound  of  13-S  water  and  fifi-2  of  the  absolute  alcohol 
of  Kicht«-r;  ibu  water  being  Mibtraeted  from  the  producU 
obtained,  the  re«iduc  gave  tho  comjMNulion  of  the  uhsotute 
alcohol  of  Uichier.  His  method  of  analysii  vna  to  pass  tba , 
alcohol  ihrdiigh  a  red-hut  porcelain  tube,  and  along  a  glass  i 
near  six  feet  in  length  Bun-uutKkfl  with  ice.    All  the  product!  i 

•  Hera.  Pw.  1781.  t  NicholMn'ti  JouroaJ.  xxt  «5. 
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mrrr  enrvfuUy  collcctol  and  wvi^liod.  There  wan  a  little  c)iar»  '•**•  "■ 
rod  deposited  in  (he  porcelain  tube  atti)  a  rery  little  oil  in  tlio 
gkoi  tube.  The  water  condenHiNl  ainnuntod  to  {{^  of  the 
wvik  alcobol  employed,  and  it  otntuinf-d  j^^.yof  il8  wnghtof 
alMolute  alcohol.  Hie  comtittnititdu  ^ik  wvi^hv^l  912-3  gtaiiis, 
{llw  weak  alcohol  employed  wan  l'J56-7  gr.)  and  there  wss  a 
lOK  of  56-82  grtuiu.  'Die  gas  was  burnt  in  a  eudiometer  with 
oxygen  gaa.  The  products  were  carbonic  acid  and  water.  For 
«Terj-  two  volumes  of  carbonic  acid  produced,  three  volumes 
of  oxy^n  were  consumed.  Now  thin  ii  the  property  of  olefiant 
gu,  Hrncc  it  followM,  that  the  frat,  it  pn-c>«ely  the  same  in 
it!  compmition,  as  if  it  were  a  mixture  of  viiponr  of  water  and 
ulefiant  gas.  The  result  of  the  analysts  was,  that  tlie  absolute 
■loobul  of  Ricfater  is  a  compound  of 


Hydrogen 

CtulMtn 

Ox)-g«ti 


Or  like  compodtion  may  be  tlnu  otatcd, 
Olcfiuntgus     . 
Water 


13-70 
51-98 
34-32 

100-00 

Gl-M 
38-37 

10000 


It  woiiht  apppear  then  that  by  vxposiiig  the  vapour  of 
akobol  to  a  firoog  red  beat,  it  is  converted  into  olefiaut  gaa 
mi  vKpoiir  of  wntrr.  If  we  suppose  it  a  compound  of  oiia 
volntne  of  olefiant  gwi  luid  one  volume  of  vapour  of  water 
redneed  into  one  volume,  it«  spvcLtic  gravity  in  the  state  of 
npour  would  be  l-atf72.     For 

S|).  gT.  (tf  olefiant  gaa  is       .       .       0'9722 
-■      vapour  of  water       .       .       O-ii'iSO 

1-5972  s  »i*.  gr.  of 
hoi  vapour.  Now  llic  ^ocific  gravity,  as  detennined  by 
•Loflsac,  is  1-C|:J3,  which  ditfem  from  ibe  Mpecilic  gravity 
Jerivrd  from  that  of  olefiant  gus  and  vapour  of  water  added 
together  by  only  one  per  cent. 

'Iliua  alcohol  (if  we  ctui  confide  in  the  analysis  of  Saussurc), 
a  caiD|K»iod  of  c(|ual  vuliiine*)  of  ole&uii  gas  and  vapour  of 
united  together  and  couitenHcd  into  a  litjuid.     Oleliant 
ataiuM  two  atoms  carbon  uiul  two  atom*  hydrogen,  while 


reuthal  compounds. 

Oiaik  iir.    crater  is  composed  of  one  atom  oxyg«n  and  one  atom  liydrog^en. 
Thus  the  atomic  ooiiiititueiita  of  alcoliol  are 

1  atom  oxygen  .         .         =1 

*2  »t»mii  airboa  .         .         si  \'& 

3  ittoiD!)  bydrogcn        .         .         =  0-375 


3'876 


and  its  atomic  weijrht  i«t  2*875. 

'Die  analysis   of  S»it«Mur«    luis   been  confirmetl  by  MM. 

Dumaii  and  ItouUuy,  wbo  found  tlie  con»tituejits  of  ubsulutc 

alcohol  to  be 

Carbon  ,         .         .         .         52-37 

Hydrogen       ....         13-31 
Oxygen  ....         34-Gl 


100-2!)' 


Anlmof 

ajDahal  cm 


How  tliis  is  equintleiit  to 

2-017  atoms  carbon, 

3-07    aitiias  h)'drogen, 

1         atom  oxygen 
conatitutiug  very  near  approximations  to  the  trulli. 

6.  Ak-uliol  mulily  di«solv<-n  bromine  and  iodine,  and  foms 
drep-colourvd  solutions,  ubioii  art  witli  eonsidcrable  energy 
when  tukt-n  into  tbi-  stoinacJi.  C'blorine  gua  is  absorbed  by  it 
in  cunstdenible  quantity,  ibe  alcobut  uc-quiroK  a  greoninb  colour 
and  undiTgooii  partial  di?compo»itiun,  Uie  iiuturu  of  which  Hi.:einM 
to  vary  u-itb  the  stren^jth  of  the  iilcoliol.  Tbis  nt  least  is  tite 
moi^t  prolnililp  rciison  why  the  resiilbi  of  Scbecle,  BerlJioltet, 
and  'rbenord,  differ  ho  muck  from  each  other.  Schoele  obtained 
muriatic  ether,  Bcrthnllel  acetic  acid  and  a  sweet  matter,  while 
'I'lit-nard  uhtiiintrd  stomc  uivbonic  ««d,  a  eliarry  nuittvr,  &c 
Vqgcl  assures  us  that  if  a  current  of  chlorine  gas  be  pa&&e<l 
tliruugh  alcohol,  exposed  to  the  direct  niyti  of  the  siiu,  combu»- 
tioii  lalu-s  pbicp.  It  is  said  by  Berchi  that  if  two  [>arl»  of 
chlorate  of  potash,  12  parts  of  alcohol,  and  one  part  af  sulphtiiic 
acid  be  di&lilleil,  acetic  etiier  pa.4ses  over  into  tlie  receiver. 

7.  I  no  vulumeti  of  alcohol,  at  the  tompcniture  of  64°,  alMorb, 
acconling  to  Saussure,  16  voluravs  of  oxygen  gas. 

lUU  volumes  of  alcohol  at  the  t«mperalure  of  64",  acoord- 
ing  to  the  some  chemist,  absorb  live  vulumiit  of  hydrogen  gas, 
4-2  volumes  of  azotic  gas,  153  volumrt  of  protoxide  of  iuu(«, 

•  Ann,  de  Chim.  et  do  Pity*.  »K»ti  »7. 
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14'S  rolumos  of  caibanic  oxi<Ie  gna,  186  volumes  of  carlwnic 
acid  gas,  aod  127  volutnejt  of  nlctiaiit  go*. 

It  diH>*  tiot  (tL«udvi'  lioroi),  but  it  dksolvi-?  bomdc  acid,  and 
tlie  Kolution  bunu  witli  a  griM?»-colourcd  flunic,  wliich  is 
dtancterfatac  of  Uuit  lu-td. 

One  part  of  pboephorus  diwiolves  \n  320  cold  and  240  hot 
alcohol  of  tlie  specUio  gravity  0-799.  'Dtv  liist  soltition  Icta 
&1I  R  pordon  of  (be  pIxFtptiontt  wlivii  it  cools.  If  (lie  alcohol 
duM  aalurated  witli  jibuiipliuriu  be  Imilcd,  the  x'apour  which 
ettapea  k  luminoiw  in  tlie  cUrk.  When  ibe  alcobol  is  dro])t 
into  wntrr,  n  tnmbcnt  flame  plays  an  the  surface  of  tjie  lt<|ui<l. 

When  Htdpbur  and  alcubol  arc  brought  into  contact  in  iJie 
ftstc  of  rapour,  tliey  combine  and  form  a  reddish  coloured 
Uquid,  which  exltates  ihi'  odour  uf  »iulphurelti'<l  hydrogen.  ThL* 
eam)K>uiid  was  lirst  fornx-d  liy  the  Count  <lt;  Lauraguais,  who 
employed  the  following  pruccK^i:  Some  flowers  of  »ulphur 
were  put  into  n  large  glast  cucurbits,  having  a  glii>B*  vessel  in 
Ettcentre,  conliiining  aU-uliol.  A  lieiul  u'lis  adjiuied,  diecuciir- 
bit  placed  in  a  «aml-lKitb,  tuid  heat  applied.  Tbo  sulphur  wus 
ToUtUuwd.  and  the  alcohol  converted  into  vapour  ut  once. 
These  meeting  together  in  the  head,  imiicd  and  formed  the 
red  liquor  wanted.*  It  was  «n{>poticdbychenii>sl^  that  oulphur 
cannot  be  dissolved  in  alcohol,  except  by  a  sttnilur  proeeat^ 
but  from  tlie  cxpcrimenu  of  Favre,  this  does  not  appear  to  be 
the  ensr.]:  He  dige«ieil,  during  12  hour*,  one  [lart  of  flowers 
of  sulphur  in  eight  [Nirts  of  alcohol,  oftbe  isjnt-itic  gmviiy  ll-i^)7, 
in  a  beat  not  sufficient  to  produce  boiling,  llie  uU-ohul  luwumcd 
B  yellow  colour,  and  acquired  the  smell  an<l  Ukste  of  nnlpliur- 
ett«?d  hydri^n.  AnolJier  portion  of  the  same  alcohol  was 
dige«te<)  for  a  month,  cohl,  on  itiilphur.  The  effect  was  the 
M1D«.  On  trying  alcohol  of  various  streiigtli  from  *817  to 
*d67.  he  found  that  the  alcobol  acted  with  more  energy  in  pro- 
portion to  iu  strength. 

The  sulphuretted  alcohol  prepared  by  I.auTnguaLH'  metliod 
codOUM  abotit  g^lh  of  sulphur.  The  sulphur  w  jireeipitated 
by  WBl«r. 

At  tJie  lempcnlure  of  64*,  according  to  Sau*sure,  100 
ralumcs  of  alcohol  ab»orb  1 1 6  voluinen  of  »ulphun>u8  aci*!  gas, 
and  600  volurocA  of  sulphuretted  hy<lr(>gen  gas. 

•  Men.  Par.  l7M,p.  ft 

t  8m  the  EtffMnCs  de  Chjrniie  of  the  Dijon  Acailemy,  ui.  867.    Four- 
avj't  ConooiuancM  CbjiDiqitci,  viii. 
I  Uchkn'*  Jour.  a.  34S. 
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onfLtVL        The  solubility  of  selcniuia  in  alcohol  in  unknown;  bat  it 
readily  <ll««olves  selcmou§  acid. 

These  arc  tiie  only  simple  sutMtnucca  upon  which  alcohol 
lias  any  notable  action. 

8.  I  shall  give  an  account  of  the  action  of  the  oxj^n  adds 
Willi  a  simple  base  upon  alcohol  in  the  iioxt  action.  'ITie  fol- 
lowiii|;  table  exhibits  tlie  solubility  of  such  of  the  oxygen  aci<li 
Willi  compound  bases  in  alcohol  as  have  been  dctennined.* 


BoluUlIIjot 


lb  parte  oTjilcoboL 

irMtat 

Ei|Krli>HDUn. 

CaW, 

Met. 

Oxalic  acid 

2-5 

1-8 

O-SiO? 

Uergman, 
Walchner, 

Vinic  acid 

43 

— 

0-809 

Gallic  acid 

4 

1 

O-SiO? 

Scheele, 

Boletio 

45 

— 

Bracoanot, 

Succinic 

— 

1-37 

0-8.%? 

Wemel, 

Denzoic 

2 

1 

0-792 

Rucholz, 

Camphoric 

1 

0-5 

0-792 

Ditcholz, 

Suberic 

c 

5-65 

0-87 
In  every 

0-SJO 

Brandes, 

Stearic      < 

40 

propor- 
tion. 

0-794 

Clievreul, 

Margaric 

In  every 

Do. 

— 

Cherreul^ 

Oleic         } 

]>ropor- 
tioii. 

Do. 

0-816? 

I^tto, 

Claiodic 

I>0. 

Do. 

0-792  ■■ 

Itiisaj-,  Lccauu, 

Phocenic 

Do. 

Do. 

0-794 

Cbevreul, 

Butj-ric 

Do. 

Do. 

0-794 

Ditto, 

C'aproic 

Do. 

Do. 

0-794 

Ditto, 

Cai»ric 

Do. 

Do. 

0-794 

Ditto, 

Riciiiic 

0-39 

— 

0*817 

Biimy,  LeaniL 

OfADulla. 


Mellitic  acid  dtstsolves  readily  in  alcohol,  and  so  docitric  and 
tartaric  acids,  though  tliese  two  are  more  soluble  tn  water 
Mucic  acid,  malic  acid,  anil  Idiiic  aeid,  are  iiiMilubli>  in  aloohol. 
Formic  iieid,  niid  crystals  of  acetic  aci)!,  also  readily  dissolve. 
Mecoiiic,  pyromalic,  pyrokinici  and  pyroturturic  are  also  soluble 
ill  it, 

9,  Alcohol  diMolves  pota-ib  and  soda  in  great  quantity.    The  ! 
solution  is  at  finttc«Ioitrle^;  but  it  beeomro  ^dtudly  yellowish 


*  Taken  from  L.  OukIju'i  HMidbuch  da  Thcorixlieii  Chemie^  ii.  300- 
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broim,  owing  to  a  jmrtial  decomposition  of  tlie  alonliol.  l.ilbi« 
it  ()iwu>lvcH]  Ky  it  only  in  Kinall  quantity,  and  prolmUly  only 
vben  thL>  alcohol  w  woak. 

Alcohol  diMolv«-8  very  littlo  bnrytrs,  strontum,  or  limv,  C8(>o 
rially  or  the  ItMt.  It  dws  not  render  TxirytfJt  ornlrunttan  wator 
muddy;  hut  it  precipitatea  die  lime  from  lime  iivater.  Yet, 
according  to  Bonaster,  wlicii  alcohol  ia  hnilt-i]  upon  lim«,  it 
lake*  up  I'uouf^  to  reMtore  the  hluf  colour  to  litmuti  [Ki{H-r  red- 
dened by  rinrpir,  anil  to  Ih'  rendered  muddy  t>y  oxalic  acid. 
Ma^ncfna  u  Mill  lorn  mliiblv  in  it;  yeti  according  to  BonaBt«r, 
if  VTL'  lioil  alcohol  on  magnesia,  it  acquires  tlie  property  of 
restoring  the  blue  colour  of  litmus  paper  reddened  by  vinegar. 

None  of  lite  eartlu  proper  are  ooluble  in  alcohol,  nor  any  of 
the  metallic  osi<tea  except  tliooe  wliicli  have  acid  properties. 
Thus  it  <ti«M>lves  chromic  acid,  and  imili  arwnioiis  and  arsenic 
tciAi,  Many  of  the  metallic  chlorides  and  iodides  are  soluble 
iniU 

A  great  niimb«r  of  the  salts  arc  soluble  in  alcohol.  Flut  I 
■hall  point  out  the  nolubility  while  tre^ttinj;  of  each  salt  in  a 
tuh«equent  part  of  this  volume.  1  shall,  however,  exhibit  the 
tolubility  of  a  few  of  these  bodies  in  tlic  following  tnhlcN. 


SeH.il 


or~iu. 


I.  Salutaneu  diuolrtd  in  large  quantitiea. 


yjMnatlb»wt»«—» 

nnMn. 

tUMTMor 

Pem^hatc  of  iron 

Nitrate  of  cobultf 

54-5» 

240  parts 

copperf- 

54-5 

.      240 

aluminaf 

54*& 

.      240 

_                lime] 

.      300 

H                magnesiart- 

ieo-5 

.      694 

lHuriate  of  zinef 

54-5 

.      240 

aluminaf 

54'5 

,      240 

magnestaf 

l*W-5 

.     1313 

H                  iriMif 

180-5 

.      240 

W                  coi)perf 

ieo-5 

.      240 

Acetate  of  lend 

lM-3 

.      240 

copper* 

Nitnt«  of  sine  decomposed^ 

iron  decomposedf 

^.                 bismuth  decc 

ropot 

icdf 

•  VrUherinit,  PhU.  Truu.  txxii.  330. 
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Cb^Itl. 


VUDOi  of  Ifae  SubtUwH. 

ea  in 

smati 

quamuKS. 

MDpunoTUkcAlopbd 
mt  the  boil  Iw  UBu>a>. 

tun  (UiiiflTB~ 

Muriate  of  limef 

240  parts 

Nitrate  of  ammoniaf     . 

214 

Corrosive  sublimate 

212 

Succinic  acidf 

177 

Acetate  of  godaf 

112 

Nitrate  of  silverf 

100 

Refined  sugar^ 

59 

Boracic  acidf 

48 

Nitrate  of  sodaf 

2.3 

Acetate  of  coppert 

18 

Muriate  of  ammonia-f-    ■ 

17 

Arseniate  of  potashf 

9 

Oxalate  of  potashf 

7 

Nitrate  of  potashf 

5 

Muriate  of  potasli+ 

5 

Arseniate  of  sodaf 

4 

Wliite  oxide  of  arsenief 

3 

Tartrate  of  potash-j- 

1 

Nitrate  of  Iead§ 

Carbonate  of  ammonia  j 

3.  Substances  im 

ioliible  in  alcoAol. 

Sugar  of  milk 

Sulpliate  of  potashf 

Borax ')■ 

sodaf 

Tartar•f■ 

magnesiaf 

Alumf 

Sulphite  of  Boda 

Sulphate  of  ammoniaf 

Tartrate  of  soda  and  potash 

lime 

Nitrate  of  mercuryf 

barytes§ 

Muriate  of  leadf 

iron 

silverj 

eopperf 

Common  saltt 

silverf 

Carbonate  of  potash 

mercury 

soda. 

zinc 

Tliese  experiments  were  mad 

c  chiefly  by  Macquer  and  Wen- 

zel.'     The  alcohol  employed 

by  W 

acqu 

sr  was  of  the  specific 

•  Verwanducbait,  p.  300.  The  solubility  of  all  the  salta  marledf  wn 
BBceitained  by  Wenzel ;  tboie  marked  f.  by  Macquer ;  aad  those  maiked  ^, 
by  Wtbeing. 
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ly  O'e40.     M'«nxi'l  Aavs  not  give  tlie  dennity  of  his  alco- 

I;  (ml  iw  liir  conip!ur«§  it  with  that  of  Macquer,  we  maynup- 

puM-  it  iK-nrly  of  the  same  streof^th.     As  ilie  solubility  of  ^Is 

,  depends  upon  the  strength  of  tlie  alcohol  employed,  the  expc- 

of  llie«e  chemixts  niunt  be  considered  m  defeetive, 

!  they  liavt'  confined  iheiUBclces  to  one  partictilnr  deiLslty. 

This  defect  is  in  |mrl  supplied  by  the  following  very  valuable 

tiblo  of  Mr.  Kirwan's,  eonstitieted  frotn  hi*  own  experiinenta.* 

Solubility  ofSatu  in  100  parts  o/  AlcoM  nf  different 
deimtiei. 


287. 


!M.I1I 


a>k 

Alcnhslaf 

0-90  0 

0-872 

0.846 

0-894 

0-817 

Sulphate  of  goda 

0- 

0- 

0- 

0- 

0- 

Sulphate  of  magnesia 

!• 

I* 

0- 

0- 

0- 

Nitrate  of  potash 

2-76 

1* 

0- 

0- 

HitTate  of  soda 

10-5 

6- 

0-38 

0- 

Muriate  of  potaah 

4-62 

1-66 

0-38 

0- 

Muriate  of  soda 

5-8 

3-67 

0-5 

Muriate  of  ammonia 

6-5 

4-75 

1  5 

MoriBle  of  magneda 
dried  at  XW 

2t-25 

23-73 

36-25 

50- 

Muriate  of  barytvs 
Ditto  en-stallixed 

1' 

1-56 

0-29 
0-43 

0-1B5 
0-32 

0-09 
0-06 

jBoetaie  of  lime 

2-4 

4-12 

4-75 

4-88 

>\^en  alcohol  oontaiuing  certain  saline  bodies  In  solution  ia 

on  fire,  its  fbiine  itt  often  tinged  of  different  colours  aecord- 

'  to  the  l>ody.     ThiL<  nitrate  of  strontiiin  and  muriate  of  lime 

it  n-d ;  lM>nicic  sci<l  and  eupreoun  xtdis  tinge  it  ^■en  ; 

nmrlatc  of  baryte«  girex  it  »  yellow  colour :  nitre  and  corro- 

nw  Hublimale  a  yellow  colour. 

•  On  Mineral  Wiitere,  p.  (7+. 
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'^'"^ '"-  Mr.  Graham  has  shown  that  several  salts  when  diMolred  in 
alcohol  are  capable  of  crystallizing  in  that  liquid,  and  die  cry»- 
tab  thus  formed  cont^n  a  quantity  of  alcohol  essential  to  the 
crystalline  form  of  the  salt.  Such  salts  he  calls  akotUea,  to  dis- 
tinguish them  from  hydrated  salts,  the  name  giren  to  those 
salts  which  contain  water  as  essential  to  tlietr  crystalline  fimn. 
The  alcoates  formed  by  Mr.  Graham  were  all  soft ;  and  tlwugk 
most  of  them  were  crystallized,  yet  the  shape  of  the  cryfltals 
could  not  be  made  out.  Mr.  Graham  prepared  fire  alcoates^ 
the  composition  of  which  was  as  follows  : 

1.  Alcoated  chioride  of  calcium. 
1    atom  chloride  of  calcium  .  7 

3|  atoms  akohol  .         .         .         10-0635 


17-0626 
2.  Alcoated  nitrate  of  magnesia, 
1  at«m  nitrate  of  magnesia  .         .  9*25 

9  atoms  alcohol  ....         25*875 


36- 135 

3.  Alcoated  nitrate  of  lime. 

1    atom  nitrate  of  lime 

10-25 

2^  atoms  alcohol 

7-1875 

17-4375 

4.  Alcoated  chloride  of  manganeae. 
1  atom  chloride  of  manganese      .  8 

3  atoms  alcohol  .         .  6*625 


16-625 

5.  Alcoated  chloride  of  zinc. 
2  atoms  chloride  of  zinc        .         .         17*5 
1  atom  alcohol    ....  2-875 


20-376* 


When  the  crystalline  shape  of  the  alcoates  comes  to  be  more 
accurately  studied  than  it  has  hitherto  been,  we  may  expect 
additional  information  respecting  the  part  which  water  plays  in 
saline  combinations — a  branch  of  chemistry  hitherto  very  little 
examined. 

•  Edin.  Pha.  Timus.  xi.  188. 
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IL  Pffro-aatit:  Spirit. 

Tftis  ti()u]il  U1U  discovered  in  1807  by  MM.  Der<Mn«  hmmt. 
ig  (ill.-  ilutillation  of  Terdijpis,  ami  ilie  inmt  n-inarkabli-  of 
prop«Tti€»  dvtermineA*  Proust,  however,  hiwl  previyiisty 
lilted  it  l>y  dbitilttrijr  ncctatc  of  leiul  nnil  acotaU-  of  lime,  and 
pointed  oul  some  uf  its  ino«t  ri-nuirk»ble  ptoi>«;rlie».t  Anil 
l>e  showx  tliiit  it  )iad  been  kliuun  to  Becclier,  who  coii9>i<l<.<red 
it  M  akvhul,  and  lliat  nauini-  and  Bcrnanl  Pluvinct  \\aA  not 
♦nlirely  orerlooketl  it.  In  1809  it  wna  again  examined  by 
Clieae\'ix,  wiio  i)eteriniiH-rl  the  propiiTtion  of  it  yielded  by  the 
Breui  aeetutcw,  auil  iiii)ijis:tcd  it  to  a  more  ilelailed  examina- 
Dti  tlion  aity  preceding  chemist.^  In  18*2:}  it  wns  ii^iiu  ex- 
iin«'d  liy  yi  Si.  Macaire  and  Mareet,  wlio  not  only  coiittrmed 
Pike  results  obtained  by  preceding  cxperimenta,  but  subjected  it 
lo  analysis  and  determined  its  conslitution.$ 

^\'hen  tlic  acetates  are  iliHtilled  in  a  retort  by  means  of  a  vntmv«i^ 
(Cnduate'l  heat  nlwiiyM  kt-]>t  as  low  as  possible,  there  eomes  over 
wetie  add  dilute*)  with  water,  and  pt/roacetic  xfiiril.  The 
■Mlllio  huw,  mixed  uHch  duircoiil,  remains  in  tlie  retort;  and 
ibcK  flim  olT  a  mixture  of  carlMniie  acid  an<l  heavy  inflamniable 
gH.  The  metallic  )>ase  is  u&ually  reduced  to  the  metallic  sbite, 
tnil  tlie  more  difficult  tliis  reduction  is,  the  greater  is  the  quan- 
diy  of  jiyruseelic  spirit  fonned.  The  following  table  exhibits 
ibe  re^uIt  of  the  di'^lilLntion  of  !ieven  meCitUtnc  ucvlales  in  a 
Hate  of  purity,  aa  obtained  by  Mr.  Cbcnevix: 

*  JUn.  lit  CMmta.  1x81.  9S7. 

t  Ocbbn's  Joui.  IIL  37.    Pruust'a  pe[>vr  ■»■*»  publisheJ  in  llie  Jour,  de 
IV-hri  too. 
I  km.  cU  OAm.  \x\x.  i. 
t  KUlMttequv  Unlnratll*,  Oct.  IMS.    AruMi*  of  Philosopby  (<d  Nrits), 

•an. 
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products. 


s 


£ 


S 


n 


S 


Uquut  pro- 

ducta. 


¥ 


s 


V 


in  rehwt. 


S. 


S  tB 
11 


ws 


? 


ri 


The  acetates  of  potash  and  of  soda  give  a  greater  proportioii 
of  pyroacetic  spirit  tian  any  of  the  metalline  acetates.  When 
acetate  of  hary  tes  ia  distilled,  the  whole  liquid  product  consigtB 
of  this  spirit  without  any  mixture  of  add  whatever. 

This  pyroacetic  spirit  is  quite  the  same  in  its  properdea  from 
whatever  acetate  it  is  procured.  No  other  genus  of  salts  tried, 
as  the  oxahites,  tartrateB,  dtrates,  yield  this  spirit.  Acetic  acid 
ia  not  converted  into  it  by  heat.  Mr.  Chenevix  distilled  the 
same  proportion  of  acetic  acid  five  or  six  times  through  a  red- 
hot  porcehiin  tube ;  part  of  it  was  decomposed,  the  liquor  became 
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[  browD,  and  its  specific  gravity  vrm  Oiminuhttd,  but  u  coiisider- 
bl«  propord<Mi  remained  unaltered.  But  if  cburcoal  be  put 
fiiUt  the  poTcekin  tube,  tlie  ncici  is  destroyed  by  one  diBtillation. 
notbinf^  obtiuiilid  but  water,  carbonic  acid,  and  Iieavy 
atnftbk  air. 
PjrTflocvtic  spirit  Id  a  whtte  and  limpid  liquid.  [t8  ttetc  is 
.  ftnt  acrid  and  liut,  but  it  bt>oom«it  couliug,  and  in  some  »ort 
inous.  Its  siDcIl  a  peculiar,  lutd  is  compared  by  Mr.  Che- 
'serix  to  that  of  a  mixture  of  oil  of  peppermint  and  bitter 
tlmondc  Its  specific  gravit)',  when  as  pure  nut  possible,  is 
07664.  It  bums  M-itli  a  flame,  wbiu-  oxlfriorly,  but  of  a  fine 
Mm  wttltin,  and  IvaVi'n  iiu  reiitduc.  It  boils  at  tlic  temperature 
of  16&*.  It  mixes  with  u-atcr,  alcohol,  and  volatile  oiis,  in  any 
iroportioti.  With  hot  olive  oil  it  aUo  mixes  in  any  pro|)ortion; 
bat  iritli  that  oil  cold  it  mixes  only  iit  cortain  proportions.  It 
ifitaulres  a  little  sulphur  and  plio«]>honts  au<(  is  ua  exctllent 
MtrcDt  of  cnmpliof.  Wbeii  hot  it  dissolves  wax  and  tallov. 
A  portion  of  (Iiimc  substances  precipitates  as  the  solution  euolst 
Imt  water  still  occasions  a  considerable  precipitate  in  it  It 
^aaolves  potash,  and  becomes  darker  coloured ;  but  it  may  be 
oblaiii«d  by  distillation  a^in  unnllercd.  When  mLxed  with 
ndpliiirlc  aciil  it  blockciH  and  U  decomposed,  and  much  cliar- 
Mil  ii  fermed.  When  mixed  uith  nitric  acid  it  becomes  ycl- 
Wt  aod  its  properties  an  altered.  Some  oxalio  aciil  is  formed. 
Unsiatie  add  renders  it  brown.  When  rlistille<i  with  this  acid 
I  oambtnstion  takes  place,  anil  a  suUunec  U  formed,  pome8S> 
n^  very  diAoretit  properties  from  muriatic  ether.* 

When  a  rurrcnl  of  chlorine  i*  ptwsed  through  tin*  spirit  a 
lU||litly  yellowi"li  colour  is  communicnlod-  I'be  resulting  fluid 
im  a  iitroog  smell,  tt  speedily  «eparutrs  into  two  ^rtinct 
iaUt ;  the  <me  lldck,  heavy,  oily,  and  tmn.ii>]ucnt,  the  other 
l^gfctrr  lUidnli^htlyopalescenL  Thi!ilaf<ldiN>olves  in  water,  and 
MmBiuiieat««  to  it  a  itweel  ta>>le. 

Pyroaeetic  spirit  being  :<ijbjeet«d  to  analysis  by  Macaire  and 
Ibraet,  waa  found  composed  of 

Carlwa  .  .  .  55-3 
Oxygen  .  .  .  86-3 
Hydroj^n  .        .  6-2 


OnrnNlA 


lOO-O 


■  Cttntnh ;  Ann.  de  Chim.  Isix.  & 
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"•^  '"■   These  numbera  are  proportional  to 

4    atoms  carbon, 
2    atoms  oxygen, 
3^  atoms  hydri^n. 
Hence  v-e  may  conclude  that  the  conatituenta  of  pyroaeetic 
*  add  are 

2  atoms  oxygen     .         .         2 
4  atoms  carbon      .         .         3 

3  atoms  hydri^en  .         0-375 


5-375 
or  some  multiple  of  these  atomic  ratios.  The  atomic  weight  is 
5-375  or  some  multiple  of  that  number.  Tlie  difference 
between  alcohol  and  pyroaeetic  spirit,  if  confidence  can  be  put 
in  the  above  analysis,  is  that  alcohol  contains  twice  as  mndt 
hydrogen  as  pyroaeetic  spirit.  This  is  rather  an  anomaly, 
considering  that  pyroaeetic  spirit  is  both  more  volatile  and 
lighter  than  alcohol.  It  would  be  desirable  on  that  account  to 
repeat  the  analysis  again  with  every  possible  care,  in  order  to 
verify  the  results  of  MM.  Macaire  and  MarceL 

III.  Pyroxylic  Spirit 
iBMnr.  -  I  do  not  know  to  whom  we  are  indebted  for  tiie  discovery  of 
this  liquid.  In  London  and  Glasgow  it  has  been  known  for 
these  20  years,  and  I  presume  that  it  must  have  been  disco- 
vered in  Paris  at  least  as  early,  as  the  manufeetory  of  wood 
vinegarin  that  capitalhas  existed  for  more  than  20  years.  I  have 
been  in  the  habit  of  employing  it  in  lamps  instead  of  alndud 
~  for  aboiit  12  years.  The  first  notice  of  it  (so  far  as  I  know) 
in  print  was  by  M.  Colin  in  the  year  1819.'  He  describM 
some  of  its  most  remarkable  properties,  and  states  his  opinkm 
that  it  is  merely  pyroaeetic  spirit  containing  an  empyreumatic 
oil  in  solution.  Dobereiner  mentioned  it  in  1821,  but  mistook 
it  for  alcohol.  MM.  Macaire  and  Marcet  made  aset  of  expe- 
riments on  it,  and  subjected  it  to  analysis  in  I826.f  Since 
thai  time  some  of  its  properties  have  been  investigated  by  M. 
L,  Gmeliii4 

Wlten  woo<l  is  dbtilled,  the  products  are  water,  acetic  acid, 

•  Ann.  de  Chim.  et  de  I'liya.  lii.  206. 

t  Bibliotheque  Universale,  xxiv.  126.     Annals  of  riiilosophj'(8dKritt), 
viii.  69. 

{  Handbnch  der  Theoret.  Chimie,  ii.  3i-l. 
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Vt>)'roxyIic  «pirii,  erapyifumiiliv  oil,  und  a  liluck  inatlrr  which    "^^'i 
it  ooDKulcTed  us  aimlo^us  (o  pilch  ur  rntber  lar.     Wh«n  the 
waton-  purlion,  freed  m  well  as  potMiljIe  inedianically  IVom  tlie 
lar,  is  distilled  at  a  low  heal,  tliefirst  porlioii  that  comes  over 
b  the  pyroxylic  spirit,  wliicli  may  be  froed  from  acotic  add  1>y         fl 
Igiuiian  witli  limv  or  nui^ic^ia,  »nd  tlu-ii  distillfition  at  a  low  ■ 

Maiprraturc.      But  it  is  still  cuntaminuted  to  a  great  degreti  H 

with  einpyreumalic  oil,  from  wliieli  it  Las  been  lutherto  iiupo$-  H 

Hbl«  to  purify  it.     It  may  be  freed  from  a  cotislilerable  portion  H 

of  this  oil  by  diluting  it  with  water,  whicii  «iui!;i-«  the  gn^ateHt         I 
(■tt  of  tbe  oil  to  si.'{>iir:itt',  iti.4t^[i^:iiriiig  rlic  diliiled  spirit  by  d«*  I 

^ttnlaiion,  UKinru-ruiiTdK  rocliryin);  il  by  tlii-Kiint-  provei»e»  as         fl 
^ftinccvcd^  willi  alcohol  till  it  be  agiun  fm-d  from  the  water ;  but         fl 
thin  process  is  only  partially  «iicceHsfuI,  a  conaldenible  portion  I 

of  uil  still  obciliiiately  remaining.    Gineliu  say!>  il  ni:iy  be  nearly  M 

kvtd  fruui  oil  by  mixing  it  willi  it.4  own  weight  of  sulphuric 

kHcid  and  cubjeetinf/  the  mixture  (<>  distillation. 
I'yruxyl'^^*  Kpiiii  thu»pri-|i»ri-dis»  tran»|mreutuii4l  colourless  piopru^ 
ticpud,  having  a  strong  pimgeiit  uiid  somewhat  etiiereal  smell, 
vbicli  I^Licuire  and  Marcet  compares  lo  that  of  ant«,  and  Gmcliii 
to  that  of  acetic  etlier;  but  the  Hmell  of  the  pyroxylic  spirit 
muit  in  Cilivtgow  (with  which  only  I  am  acquainted)  does  not 
Meublw  cith«T  of  thvHR,  but  im  quite  peculiar.  It-i  taste  is 
Mnng,  hut,  puii)iri*nl,  and  very  <liMigrcMit)li>,  derivetl  obviously 
in  port  from  tlie  empyreumalie  utl  wliteb  it  holds  in  suUition. 

lui  ■.jK'cific  gravity,  in  the  most  concentrated  state  in  which  1 
nwihl  procure  it,  wa»  0*8121.  Macaire  and  Mun-et  found  it  to 
Uiilai  150%  iuid  with  this  delenniiuiliun  my  experiments »};rt-e. 
Qaclin  "UiU*t  ilw  IniiUng  point  to  be  137%  yet  llie  specific 
^vily  of  the  spirit  which  he  examined  wjik  only  U-y3(),  SVhcil 
RMupletely  freed  from  acvlic  acid  it  d<K-s  not  redden  vegetable 

K      It  bums  witli  a  very  pale  yellow  flame  inclining  to  blue,  but 
^  the  light  is  ciuisitierably  greater  tliaii  that  given  out  by  alcu- 
luil.     It  burns  all  away  without  leaving  any  rt-Mdue,  and  the 
only  ]iro<liicts  arc  rarbonic  iu:id  and  water. 

It  iliasolves  in  alcohol  in  any  proportion.  Witli  water  it 
Iwvotni^  opaque,  otivtousty  in  consequence  of  the  empyrcumntic 
oil  which  it  contains.  It  di.violve«  readily  in  oil  of  turpentine 
and  ill  liipiid  poUsli,  acqiiiriii|f  at  (lie  same  time  a  yellowish 
vtdour.  Camphor  dissolves  lit  it  readily,  but  it  dors  not  di.'«- 
•olve  olive  oil.  With  sulphuric  ctlier  !(  unites  likewise  in  all 
It  diMolvesaliule  sulphur  and  phosphorus,  niid  is 
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H  good  solvent  of  common  rosin  and  of  iibfll  lac.  Iodine  it 
dis8olred  by  it  abundautly,  and  tbe  solution  ban  tlie  same  darit 
kruirn  colour  as  the  solution  of  iodine  in  atcolioL 

Wlivii  thu  wlutioii  of  this  itpiril  in  bydtaled  potji»b  is  db* 
tilled  iifutr  lui  iiitcrvnl  of  u  fvw  duys  tho  {>yrflxylio  «pirit  wLk-h 
(romK  over  is  quite  free  from  empyreumatic  oiL  Here  then  is 
a  method  by  wbich  chemiata  may  have  it  io  their  power  Ut 
obtain  tliia  fp'mi  in  h  state  of  purity. 

When  mix«dwith  nitric  ucid  and  diMiiiod  an  olliereal  liquid 
eMiie«  over,  wludi,  however,  is  quite  different  from  nttrie 
ether. 

When  ^  ounce  mensure  of  tliia  spirit  h  mixed  with  I  ounce 
tnecuure  of  nitric  adil  aiui  '2  ouncv  invtuun>»  of  muriatic  tidd  io 
a  flask,  and  u  mwlcnttc  lieiil  applied,  it  soon  bejEpns  to  etfrrvesoe, 
an<i  a  gas  comcD  over  buviii);  an  exceedingly  pungent  smell, 
and  acting  strongly  on  the  nose  and  eyes.  This  gas  burns 
with  a  bluish  white  flame.  Its  specific  gravity  I  foun<l  1-MA, 
Odd  on  analyzing  it  was  a  mixture  of  three  gaseoiu  bodies  la 
the  following  proportions  in  volnm* : 

Dcuto.'cidc  of  azote  .         .         64-37 
Asotic  gns  .         ,  7'48 

A  new  gas        .         .         .         27*95 


lOO-OO 
Water  absorbs  5  limes  its  volume  of  Xitia  gas,  nnd  oil  of  tur- 
pentine i)4  times  its  volume. 

The  specific  gravity  of  the  new  gas  is  4-*236l.  It  requires 
1 )  dmea  its  volume  of  oxygen  to  bum  it,  and  it  forma  its  own 
volume  of  ciirbonic  aci<l.  \\'hon  tha  combustion  »  miule  over 
mercury  a  quantity  of  eulomel  is  formed  at  the  tsume  timtw 
Hence  it  is  u  compound  of 

1    volume  carbon  vapour, 
I    volume  hydrogen  gas, 
1}  volume  chloriiu>  gns, 
fMKuJcBMd  into  one  volume.     It  is  u  oompoimd  of 
1    atom  carbon         .         .         0*75 
1     atom  hydrogen    ,         ,         U*l'i5 
1^  atom  chlorine       .         .         6*76 


7-625 
an<t  its  atomic   weight  is  7-626.     To  thin  gus  the  niiiMn 
letquiclihriile  qf  carl>oJi^r»f/fM  may  be  given. 

According  to  Macuirc  uud  Murcct,  when  pyroxylic  Gpirlt  ia . 
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Uixml  witli  thrioe  its  weight  of  sulphuric  acid  and  heated,  a  ^»    *^  ■■'• 
1  fa  obtained  wbick  hurus  witli  i>  hluo  ftiune. 

'fUa  •pirit  was  Mibjectod  to  utialy»U  liy  Messrs.  Macaire  aiid 
'Mamt,  by  volatiluitig  a  fprcu  wi'i^til  of  it  Ilimiij^h  red-lu>t 
I  hkck  oxido  of  copper.     The  constituetita  deduced  from  thia 


B  Malyau  were, 

■                       Cwhoa 

41'&3 

H                    Hy<lro^'n 

8-16 

"                      Oxyi^eri 

4,6-31 

Tba  u  equirul«ut  to 

^L                   A  atoms  oxygen 

4 

B                   S  atonia  nrbon 

a- 76 

H                      6  atoou  bydrogrn 

0'7& 

■■» 

a-fl 

But  no  conclusion  can  be  diswn  from  tliis  aiialyiiis  because  tbe 
■pint  wliicb  they  subjected  to  analyuit  was  obviously  contami- 
nated with  empyreumatic  oil.  I  ani  very  much  iucluied  to  sus- 
pect that  it  will  Iw  found  to  contain  huih  less  caiboii  ai>d 
hydrogen  oomparod  with  the  oxygen  tluin  alcohol  does. 

SECTION  III. — OF  8UI,PHUnlC  ETllEB. 

The  t«!nn  ether  is  applied  by  British  aiid  I'rench  writers  niN»,»ii«. 
iiuUitcrimitiately  to  all  tlie  volatile  liquids  made  by  tjic  action 
rf  acida  on  alcohol.  Hui  these  liquids  are  divisible  into  two 
Wit,  txoccdiogly  ditferent  from  each  other  in  their  chanictcrn. 
One  Ml  is  quite  free  from  any  portion  of  llie  acid  employed  in 
lis  preparation,  and  coii»i»b(  of  Ihc  very  same  constituents  at 
exist  in  alcohol,  tboti)r|i  the  proportions  arc  dilTcrenl ;  the  otitcr 
■et  coniuftts  of  the  acid  employed  in  tlie  formadon  of  tlie  cther^ 
ialurat«d  with  a  peculiar  volatile  and  combustible  subttuiice, 
which  nppttars  to  be  the  same  in  all.  Some  of  the  latest  dicmteal 
writen  iu  Gcimany  have  conliiicd  the  term  el/ter  to  the  fimt  of 
th^r  sets,  and  have  dislJii^L^lu'sl  tlie  second  set  by  the  t«'rm 
napAthfi.  We  luivc  It  not  in  our  power  to  follow  ihis  example, 
m  till-  word  luiphth.-!,  in  tiic  English  Inngtlfg")  luis  been  utrcutly 
approprint4il  to  ii  very  diAerciit  !tubstanc«.  I  ahull  sutivfy  luy- 
•vLT,  tltcrufore,  with  separating  llie  two  kinds  of  ether  from  each 
otlier.  I  shall  describe  the  fir>l  kind  in  this  section,  under  tbe 
nunc  o(  tut/ihurir  tlher,  \>y  wliich,  or  »implyby  llic  term  fllirr^ 
it  u  usually  disUnguislied  in  this  country ;  while  in  ihc  next 
•ectiun  1  shall  treat  of  the  second  kind  of  etliers  under  the 
name  uf  acitt  etAert,  thuti^li  I  must  acknowledge  that  the  name 
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cftip.  III.  18  not  ver)-  appropriate.  For  these  etbeni  when  first  formed 
Iia(fc  no  acid  qualities.  Tbey  contain  an  aci<!  iiifleed,  but  il  is 
saturated  witli  nnotLer  »ulNtaiice  wliidi  quite  conceals  iik  pn>- 
perticM.  Hut  when  tlic>e  etiiers  ore  ke|il  lliey  gradually  acquire 
acid  qualities,  wlicreas  Bulpliuric  oilier  may  Ite  kept  K«r  uiy 
leugtlj  of  time  without  uD<lergoiii(r  uiucli  alti^ration  in  its. 
nature.* 
HMHir.  The  method  of  making  snlphiiric  clhor  \x  deiicrihed  iu  Uhj 

dispetiHalory  of  Valerius  Cordus,  published  ut  Niirr-nibiTg  ul>out 
the  year  1340  :  from  which  Coorad  GesDcr  traiisciitH-d  it  into 
bis  Thfmvms  JCuonj/mide  Kttmediu Se^rHi*,  published  in  1552, 
where  it  is  adled  0/fum  I'Hrioli  Mce,\  It  apjiears  to  have 
been  knowD,  though  not  iii  ii  »Ui(c  of  purity,  both  to  I)a:ul 
Vah-iitiiie  and  Paracelsus,  Hut  in  the  writing))  of  ehemtsts 
published  about  the  end  of  the  17th  century,  I  buvc  not  bcvH 
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'  'It^>pcani  frum  ilic  obwrvntion*  orPtiinch<;arii)<iDy<Lu«iic,thati 
when  k^t  for  icvcml  ycat*  in  a  vcmcI  nol  quitu  Tiill,  and  ol\cn  f^pcned,' 
gWicnitG*  ionic  ncclic  acid.     See  Ann.  dc  Chiin.  cldc  I'h;*.  ii.  UttanililS. 
M>  Henry  hu  rendered  it  [imboblc  ihnt  tliit  i*  owing  to  a  howII  qiHalil]r  of 
acetic  clli«r  whirh  i*  uRually  mixed  vriih  siilphuriu  ciher.    Jour,  de  Ftiw^ 
mRcie.  xiii.  1 1!). 

-j-  V^'llo«vttr  will  cuhmiIct  the  fomiula  pvvn  lor  prK|>anng  ihi*  OUnm  Pi- 
Irivli  ditlce  hy  Uesiier,  will  be  MtisRad  [hat  it  whs  very  <liffi!ren(  (Von  tlw 
itulctfytl  acidt  o(  the  iiiodiTii«,  si'd  that  it  iiiukt  linve  been  ■  uiixlore  of  aim- 
Avl,  fllirr,  iinil  iwfrl  ail  'J'  innr.     Th«  rolluwing  h  ilic  pasiage  of  OeaKTi 
M  qiiotud  by  lli>ffinnn,  from  whom  lius  bcc-'ii  inkcn  tbc  hiitaricol  &ct« 
reiqicciinif  ilic  knowlrdife  of  ether  poiseuieiJ  by  the  atchyniistic«l  writera^— 
^  Itccipc  villi  ardcntia  uccrrinii  et  Icr  aubliiimti  uucioi  qutnque,  olei  ritrioli 
BU*tcti  tniiliindcm,  mince  in  venetinno  vilro.  et  pone  in  cucurbitan)  pnrmB 
nngiial»  orilicio,  cl  Into  ojititno  urificium  cluudc,  dimittc  itn  |i«i'  intqcnun 
mcnncni  nnt  dno*.    Dcinitc  cfliiodr  in  I'ucurbitnin,  cui  rit  immedifttc  Hnnciuin 
itlcniblonin,  ciijuK  li)j;iiruin  «nbJK-icniU9,  jiuiic  di-inde  in  pamun  fomnctmi,  ac 
diiniiliniii  ejim  purluni  cinoro  obrue.  poHle«  npplicn  rceipientcni  cl  Inio  June- 
turuncluuiledili|;enliT,etcKtnilii;uii<insacx  villi  nrdciitis(|iiasiDlii<liiiti.  Vt 
vcro  liitiua  hoc  fiuC,  puni-  in  bHliii'uiii  Muriu; ;  tic  solum  tinuin  abwiue  olco 
nicendc:.     ('uin  cxtnixtris  uuleiii  per  l>ali;«uui  inl'iisns  nncios  »cx  vim  uMi, 
pone  id,  (jiiod  n-iiduuni  nl.  in  ruriiuceni.  u(  urrmiiiicJiaincucurbiticparlaaj 
nttingat,  nc  novo  ct  mcuo  rrcitii(.-nte  uoque  nun  mo^no  Bp[)licalo,  lulo  jud 
tunun  dilifionlrr  cinudc  Acctnidi?  ddndc  inudcituin  igiicm,  rt  scnnm  cutnlit] 
omnem  hnmidituirnt  t\mr  rclicin  tut  in  cui-iirbiiii,  dunce  nihil  humiili  nnpliua '. 
in  fiinilo  nppnrcat:  odbibiia  Bi'iiiprr  maxinm  curu  ct  dilipentin,  ut  ipiem  it* 
modcrcriii,  nc  cbiilliai  uujuc  lul  alembici  cunalcm.     Nam  «i  bunc  cbullitia^ 
Btti|[crit,  tcilure  non  polo,  nccjuc  jirohilierr,  qiiin  in  trccplRCulun)  *glvdli^^| 
Inr,  nc  totain  olenm  perdal :  lolct  enim  Tacilimc  ebiillirc.     7\tm  vldcbis  diio^ 
I  oiitineri  in  ii>,  oquvum  videlicet  huinarcm  oc  |iin)ci>cm ;   »ff;Tr|;abi8  rtra 
nnum  Rb  ultero  sintim,  im  ui  ntbil  ni]u<uni  in  oloii  roliiii|iialur,  oam  aqOR 
ilia  okuni  corrampit ;  6cgTrgaiiiiii  ulcuiii  mui  rc^crva.'* 
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able  to  find  any  trace*  of  it,*  except  in  tJiose  of  Mr.  Doyle. 
He  was  evidently  acijuaiiited  with  it,  an  appears  from  different 
paan^s  of  his  writii^p^t  lliouj/h  he  no  where  describes  it  )Mir- 
ticuJarly.  Hut  it  wu  «  p»p<T  in  lUv  ['liil«H(if)hiciil  Tnuuactiom 
for  1730,  hy  a  Oenn<in  who  «dk-d  bintM-lf  Or.  t-'robi-itiiLt, 
tlotcribing;  several  of  its  mosl  siiigiilar  properties,  that  firiit 
dnw  the  attention  of  vh«nii»t!t  to  tlii&  curious  li<)uor.}  In  thin 
pi|ter  it  Rrnt  reet-ired  tlie  iiami-  of  ttAtr.  'Ilie  (lennaii  i-heniists 
loof;  diMtiiigutxlicH)  it  hy  the  name  of  mifthiJui. 

1.  Sul|)fauric  rther  in  UHUully  ])repared  hy  the  fuUavin^  pro-  rni«><ii«. 
km:}  a  mixture  of  e<)ual  parts  of  alcohol  and  sulphuric  acid 
ii  put  into  the  retort,  to  which  a  lai^e  receiver  b  then  hitvd. 
It  M  proper  to  surrouiid  liiv  receiver  nith  ice,  or  at  least  with 
nhl  ttiiter.  U«U  U  applied ;  and  iW  *ixtn  as  the  mtxtuni  boils, 
ibe  etiter  comes  ov«r  and  in  condeniM-d,  und  runs  in  large  strin 
itiwit  the  *ii<lcs  of  the  receiver.  As  itoon  as  it  amounts  to  one 
latf  of  the  alcohol  ein])lnyed,  the  process  must  he  slopped. 
He  ether,  thus  ohiaiiied,  is  not  4)uile  ]uire.  It  ulwayn  contain* 
■Imliul,  and  i»  never  fn-e  from  nii]phurou»  acid. 

Iliu  iH*|>amtioii  of  the  Itipiid  from  tlie  nulphurou^  and,  with 
wllkfa  it  vt  niix<'<l,  U  called  tlic  rtcti^mtion  of  the  elhxr.  lliv 
mal  method,  nnd  1  amy  udd,  the  bi?st,  is  the  following,  first 
•njdoyed  hy  Mr.  \\'ulfe :  Kit!  tlirce-fourths  of  a  bottle  with 
the  Impure  eiJier,  add  a  little  water  luid  a  [wrtion  of  alacked 
JblM.  A^pUite  the  buttle  with  violence,  nnd  keep  it  for  «omc 
tine  in  water  Ivefore  taking  out  the  cork.  If  the  smell  of  the 
idd  be  not  Tcinovcil,  iuld  a  little  more  lime,  aiut  agitate  a  second 
time.     Decunt  olfthe  eihcr  into  n  retort,  tnid  distil  it  ovcr.jl 

The  first  portion  of  Hijiiid  iluil  eoines  over  daring  the  di»lil- 
btjoti  U  merely  alcohol  iupregimled  with  a  little  otjier.  Com- 
iBKtn  ether  is  in  reality  a  mixture  of  ether  and  alcohol.  The 
inetliod  of  separating  tliis  liquid  is  hy  mixing  the  ether 
water,  and  then  proceeding  to  distillation  with  a  very 


Hi*  Olfvm  Vilriali  JuUr  of  Lcmcrj-,  for  inttlancc,  in  Tcry  tlifli:tcnt  from 
doacriM  bj  GMncr.    (Sec  hi*  Cours  ilc  thymic,  |>.  iO-i.) 
t  Set  Shaw*!  Bojie,  i.  KKI ;  and  i.  mO ;  wlicrc  the  pn>c«H  for  making 
iHhff,  and  MMHi  ofilt  moRl  rcinnrkiiblc  |iri)pcrticiinirc  dclailcil  at  length. 

t  Ifd.  Tnttt.  nxvii.  1CH3.     Thin  |iHF>or  i*  Utile  cUc  thiia  a  rhnpodj  iu 
riha  •Ich^iutlkal  itljrie'     At  lh«  cn>l  o(  It  there  It  A  nWc  b>-  Mr.  Oodrrvy, 
(lUnkwiii,)  Mr.  Dojle'i  openitor,  niciiliuiiing  llie  uijwiiiivota  formerly 
aiaJa  ujion  It  by  Mr.  Boyle  miJ  Sir  linac  Ncwiun. 

{  Frobcniua'  procoM  wm  (irxl  published  iu  ihu  fliiluwplilcal  Trwwoc- 
;<tfea«,  vol,  xh. 

B  I'niuat,  Aaii.  de  Cbiia.  xliL  806. 
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II-  nuxleratc  heat  Rut  Mr.  I^wkz  hax  oliowii  that  ibU  ni' 
dow  not  succ««d.  The  follt>wififr  [>r«cwM  yieWoH  liini  aii 
much  purvr  thun  uny  that  hud  Imh-d  prrvitiasly  ohtnuied :  Into 
16  parts  of  ether,  of  the  spenfic  gfravity  0*775  in  thv  t«^nip<>Tft- 
tiir«  of  60°,  lie  threw  dry  powdered  luilt  of  tartar,  till  the  last 
poTtiontt  were  no  longer  wetlcii  hy  ihc  liquor.  The  mixture 
being  allowed  to  digmt,  the  ether  wiu  tlicn  dnvn  off.  Its 
q)tHHlic  gravity  wa*  now  only  -746.  By  thi«  means  it  WM 
deprived  of  tlit-  wiitor  which  it  containod.  To  romove  the 
fdcohol,  dry  powdered  chloride  of  calcium  was  thrown  into  the 
liqutd  in  the  same  manner,  as  long  as  il  would  dissolve.  On 
Mnnding,  the  mixture  M>pimite(l  into  two  portions ;  the  alcohol 
hokUag  tlie  salt  in  the  xolntion  siink  to  the  bottom ;  the  ether 
swam  on  tlie  iturfuce.  When  Mcparntod  fnnn  tlie  inferior  liquor, 
it)i  »j)mfic  gravity  wiM  now  only -fili'i  in  the  temperature  of  60», 
It  wnK,  thcrcforo  much  purer  than  uny  former  ether  deHcribed 
by  eheinistis  since  it  never  before  had  been  procureil  lighter 
than  0-7'25.*  'Ilie  otlter  tliiis  prepared  contuius  a  little  of  the 
Btlt,  frum  which  it  may  be  freed  by  distilluttoii.  Hut  in  tliat 
case  its  spcciiic  )^vity  increases.  Ilie  reason  seems  to  be, 
tluil  the  purest  portion  of  iJie  ether  assumen  U»e  form  of  efautie 
fluid.  M.  Theodore  de  Saiissure  piiriiied  other  by  nearly  the 
•ame  process,  exvepting  that  he  distilled  il  off  the  muriute  of 
lime.  Ue  obtained  it  of  the  specdfic  i^vit}'  0-7155  at  the 
temperature  of  «8't.  By  Uie  wune  process  LowiU  could  not 
oblutn  ether  of  a  lower  specific  gravity  than  tc?  16.  G«y- 
Liisotc  removed  the  alcohol  by  agitatinj^  the  ether  with  twice 
its  weight  of  water,  'llie  wajslied  etlier  was  left  in  contact 
witi)  quicklime  for  12  d;iys  and  tln-n  diiililled  grudutiin.  It« 
tipecific  gravity  was  0*7 1  ]  9,  at  the  temperature  of  77°.  iUchter 
obtained  it  of  a  K])cei(ic  gravity  as  low  as  U'706  at  GO',  I'he 
specific  gravity  of  the  purest  ether,  which  Boulluy  was  able  to 
make,  was  0-090. 

Uoullay  Itas  itbawn  that  we  may  form  this  ether,  though  we 
substitute  pho«phoric  acid{  or  ar«enicj  acid  for  the  sulphuric 
And  Desfofses  has  found  that  tlie  same  procoM  succ4^mls  when 
we  employ  fluoboric  acid.|J 
pt*iv<i".  Ether,  thus  obtained,  Ls  a  limpid  and  colourless  liquor,  of  m 
very  fragrant  smell,  and  a  hot  puugent  taste. 

It  is  so  vubtile  tliat  it  can  scarcely  be  poured  from  one  vetsel' 
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•  Loviit,  Crell'n  AnnnU,  1700,  i.  4m 

I  Ann-  lie  Ctiim.  Ixu.  192. 
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Wwdwr  without  looinf;  a  oonniilemble  portion  of  it  by  evapo- 
ntton.  When  pourrd  out  In  ihc  open  uir,  it  (1tjai[>p«an  in  an 
kMuit ;  an<I,  during;  its  evaporation,  produops  a  very  coiHidvr- 
WUt  decree  of  cold.  If  a  ^iaan  vessel  containing  wat«.T,  and 
•arroiuided  with  a  cloth,  b«  dipped  into  etlier,  two  or  three 
times,  and  the  ether  each  time  be  allowed  to  evapomte  from 
4edeAr  tbewatvrin  llit:  |/Iumn  fnHMcH,  In  the  open  air  ether 
}niSla  at  96°,  and  in  a  vacuum  at  —  2(^.  Were  it  not,  UKTcforf, 
fin-  the  pressure  of  the  atmoephere,  it  would  always  exist  In  the 
gaseous  state.  But  Dr.  Bostock  has  noticed  that  it  may  be 
heated  iu  a  clean  ^laHs  tube  as  high  as  150°  or  even  higher 
before  it  emits  bubbles.  If  when  It  is  at  that  temperatun^  w« 
throw  into  it  any  solid  body,  ns  metal  filinf^  or  chips  of  wood, 
or  IraginrntJt  of  f^lass,  it  immediately  boils  with  great  violunce, 
and  the  bubbles  of  vapour  all  issue  Irom  the  surliice  of  the  body 
introduced.  I'hough  tlie  temperature  of  the  ether  was  lowered 
dw  boiling  {Mill  eoniinucd  till  tlu-  hi-nt  Mtnic  to  102«,  and  m 
mt  «WC  to  t)6°,  whicli  14  the  true  boiling  point  of  ether.* 

When  exposed  to  the  open  air  it  speedily  UMumes  the 
gf  oi»  form,  'riiis  Ii»p{ien.s,  for  instance,  if  a  little  of  it  be 
poBred  into  a  glass  phial.  The  vapour  of  ether  (liftplaces  a 
con^detvble  portion  of  the  aii  of  the  phial,  and  is  not  soon 
tfwlpkted.  Ingenhousz  \vii>  shown  tliat  the  specific  gravity  of 
Ab  va)H)ur  is  very  vonsiderablc.t 

Mr.  llidton  found  it  0-V23,  the  specific  gravity  of  common 
■tr  being  I.}  Gay-Lussac  has  determined  tliv  npecifie  gravity 
rf  thh  vapour  with  much  care,  .\ccordiug  to  his  ex|>eriinent9, 
it  in  '2-5MG0.  that  of  air  being  I  .§  The  determination  of  Gay- 
Luwac  luf*  been  confirmed  by  M.  Despretz,  «'lio  found  tbc 
$ftaAc  gravity  of  ether  vapour  3-$806.|| 

According  to  Foureroy  and  Vauqueliu,  it  freezes  or  cryfc- 
taUisea  when  coole^l  Aown  to  ~-  46".^     But  Tlienard  assures 

*us  tlmt  it  renuiins  liquid  ihougli  exposed  to  a  cold  of  —  58'. 
Ileuee  the  remarks  of  Foureroy  and  Vauqueliu  can  apply  only 
I       to  the  common  etlier  of  tlie  ahope. 

■  Aonab  of  FtiiloMfihy  (i<i  tenet),  viii.  196.  The  tame  phenomenon 
wpftan  wken  ■Icohol,  or  even  wntcr,  ia  hwited  in  g1m«  lubw,  tm  liw  been 
elMOVcd  by  Dr.  BoMock.  Tlii«  curioui  lubjccl  lian  btxii  inmligAcd  bg 
IL  flij  Iiiinir  i  but  ao  MtitfiicCoiy  npluacuin  of  it  liu  bnu  liiiJieito  given. 

f  tiee  bfa  Rouvdia  fixptrionecs,  p.  tMk 

I  tbuAaut  HeoiaJre.  iii.  960.     Second  Seric*. 

Lf  Ana.  (fe  Oihn.  el  Ph)'*.  1.  816.    |  Ana.  dc  Chim.ct<Ierh<r«.xi(i.  143. 
1  Ami.  de  Chiin.  uix.  Saih 
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Cuopotlliuu. 


Neitlicr  oxy)i;cti  fpis  norcoiniiuHi  air  produce  auy  effect  upon 
etWr  in  inodontte  tciupeniiureii ;  biic  in  lilj^i  li-m}M'ni(urvs  tlic 
case  U  wry  <lifrcrt;nt.  Ktlicr  is  rxceoiliii^ly  iiidaminatik-,  Htid 
wUeu  kiridlwt  in  tUo  state  of  vapour  burns  with  rapidity,  with 
a  6iie  white  Aanif,  and  leaves  behind  it  a  trace  of  cluircua). 
I>uriiig  it^  coinbu^tioii  cttrbunic  avid  k  gencnitv<l.  How  well 
soever  it  lias  been  recti fii-d,  it  alu'ays  esliibitii  traces  of  sulphtiric 
acid." 

Wbcti  ethor  is  admitted  to  any  gaseous  body  standbg  over 
mercury,  it  doubles  the  bulk  of  the  gas,  as  Dr.  i^riestley  first 
observed.  If  oxygen  gas,  tlius  expiuided  by  ether,  tte  pre- 
sented to  M  li^litcd  cHiitlle,  the  ethor  buni.«  with  great  raptdily, 
but  produces  uo  explosion.  But  if  one  part  in  bulk  of  lUs 
expanded  oxygen  be  mixed  willi  three  parts  of  pure  oxygon 
gtw,  iind  kinillod,  a  very  loud  exj>lii>ion  takes  place :  the  pn>- 
ductif  are  water  and  2,  jiartA  of  carbonic  acid.f  Mr.  Cniick* 
lihaidu,  to  whom  we  are  indebted  fur  this  inMructivc  t^xperi- 
ment,  found,  that  one  part  iif  the  rupoiir  of  etlier  lukes  6'6 
purts  o(  «xy4;('n  gu»  to  consume  it  rumplcudy ;  iind  ftuui 
tlie  relative  proportions  of  the  two  products,  lie  concluded  tluit 
tlie  carbon  wbidi  ether  contains  is  to  its  hydrogen  us  five 
to  one. 

Acconling  to  Didton,  one  volume  of  ether  requires  for  its 
combustion  nix  voliimcM  of  oxygen ;  tlie  renidue  consisU  of  four  ' 
volumes  of  carbonic  acid.J 

Now  it  is  obvious  that  four  volumes  of  tho  oxygen  gnsmust 

have  gone  to  the  formation  of  csrbonic  ucid  gas ;  the  remaining 

two  volumes  of  oxygen  mutit  liave  gone  to  the  formation  of 

water,  and  they  must  have  united  with  a  quantity  of  hydru^eiit 

wliidi,  luul  it  been  in  the  gaseous  state^  would  have  junotinlc-d 

to  4  volumc».     Carbonic  acid  gas  contains  it^  own  volume  of 

carbon  ui  the  giu««ous  state.     It  follows,  therefore,  from  tlio 

preceding  &cts  that  I  volume  of  va|>our  of  ctlier  contains 

4  volumes  carbon,      7        i         i  ■  .     .      i 

,  ,     ,  t  t^onttensed  into  1  volume. 

4  volume!*  hjdrogen,  j 

I  have  shown  in  a  preceding  partof  this  work,  that  a  volume 
of  carbon  vapour  and  U  volume  of  hydrogen  gusarc  prt^oitioual 
to  an  abun  of  each.  Hcnee  that  ]>ortioii  of  ctiicr  which  is  com- 
bustible, it  a  compound  of 

4  atoms  carbon, 

4  atoms  hydrogen. 

*  Scbeelei  !■  108.  f  Cniickthanks,  Nii'liolaon't  Journal,  t. 

t  MmifhwlM  Mauoirs,  iii.  179.     Sccoud  Scrica. 
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The  vnpoar  in  its  gaseous  state  is  tli«n  a  compound  of  4  volumes    **  ""• 
(or  atoms)  of  carbon  vnpmir,  iinil  4  volumes  (or  atoms)  of 
'  lijrdro^n  ga«  coiKlviiM'rl  into  oik:  volume.      We  obtain  tlio 
•pfdfic  f^vity,  tlierororp,  by  adding  togelber  4  tinu>8  the  spe- 
cific ^invit)'  of  those  two  bodies. 

Carbon       =  0-4 1  (!6  X  4  =  1  '66(>6 

Hydrogen  =  0-0694  X  4  =  0-277^ 


I 


1-9444 
Hot  the  spedtic  grarit)-  of  «lh<^r  rupour  was  found  to  be  2- 5806. 
If  from  lliiK  wc  Ktibtract  1-4444,  there  will  be  a  remainder  of 
D'*864,  which  comeH  very  neiir  (1-B23,  =  spHcilic  gravity  of 
v^ur  of  water.  It  ts  evident  from  t)ii.«  tlint  a  volume  of  etlier 
T^Kiur,  Itesifte  the  gwrou«  compuuiKl  of  4  vohiiiii'ii  ciirbon 
nqmur,  aiid  4  volumes  hydrogen  gas,  contains  also  a  volume  of 
dir  vapour  of  water. 

Tluiiigh  tJie  comhuMiblo  portion  of  ether  beunidoKouK  in  itsJiUS^T' 
Core)Kmliun  to  olt'ftiuit  pH.  iind  ibou^h  if  two  volumes  of  olcfiant  n^Snvn' 
p»  were  ci>nilenMed  into  one,  llioy  would  constitute  a  volume 
of  the  combuHtihle  portion  of  ether,  yet  it  is  obvious  that  it 
eonclitute«  a  (jiitte  different  compound  from  olelinnt  gus>  and 
eoMtlutes  one  of  the  luimerouH  tribe  of  subritanceii,  composed 
of  in  equal  number  of  iitom*  of  carbon  and  hydrogen,  aiiddi^- 
liflgutithcd  from  each  other  by  the  number  of  ittoDt!>  of  isieh  in 
an  bu^mit  imrtiele  or  volume  of  the  rcHpcelive  body.  Four 
•f  tline  bodies  luivo  been  already  described  iii  this  work, 
Bintly: 

1.  Carhtt-hydrogett,  obtained  when  pyroxylic spirit i»  treated 
with  atjua  regta.  It  U  a  giiK,  a  volume  of  which  coritAiiin  ) 
rojnmc  (or  atom)  of  cnrtxm  vupour  and  I  volame  (or  atom)  of 
liydruf^en  condensed  into  1  volume,  lleoce  itn  Epecilic  gravity 
'fa0-48((i,  and  for  eomjilete  combustion  it  requires  \^  times 
it*  volume  of  oxygen  gus  and  forms  it«  own  volume  of  carbonic 
Bcid  ^Wi. 

2.  blefiant  ga»  obtained  liy  heating  a  mixture  of  four  parts 
iWetght  of  sul|diuric  aci<!  witli  I  jHirl  of  alcohol.  It  consists 
S  volumes  (or  aUims)  of  carbon  vapour  uud  2  volumes  (or 

atoms)  of  liydrogen  gn»,  united  together  and  eondenned  into    *  • 
one  volume.    Henee  it»  n[wcifiv  utavity  it  0'97'22.     It  requires 
thrice  its  volume  of  oxygen  to  burn  it}  and  it  leave*  twice  its 
Tolome  of  carbonic  add  behind. 

3.  Tlie  vapour  of  oil  gas  which  may  be  called  triff-carbo- 
hydrtM/fM,  as  it  coiisinLt  of  three  volumes  (or  atoms)  of  carbon 


SECTBAL  COHrOtmM. 

■™-    i^iM  aad  tkiee  TBlrnnw  (or  atoms)  of  hyilrngMi  gm  MU 


to^e^er,  and  nmiliiiiiil  into  one  Ti^nme.  Heoee  ila  ife> 
gnvity  »  l-458c&.  It  requim  4-3  timea  its  Ttdnrae  of  flsy; 
gm  to  bvm  it.  aad  it  kares  behind  three  times  its  volam 
caifmiic  acid  eas. 

4^  The  combiistiUe  pan  of  ether  rapoor  which  may 
called  Martb-caibo-hydro^n,  as  it  is  a  eompoond  of  4  volni 
(<walaii»)of  carboQ  Tapourandirolomes  (oratoms)  of  hjn 
gea  gas  coodoHed  into  one  rolume.  Hence  its  tpea&e  giw 
is  1*9444.  Itrcqures6time*inTolnmeofox^aipBtoli 
h,  aad  it  leaves  behind  it  4  times  its  Tolmne  of  c«rboaieadd| 
Theodore  de  Saasrare  analned  ether  abo  bj  bammg  it  f 
mtlteu  gia.  He  detennined  the  qaanttty  of  ^oboiue  i 
fbrmed,  and  of  oxTf^eo  gas  eonsomed.  This  gare  luB 
carboa  aad  hytbogen  in  the  combostible  portion  of  the  y^ 
what  was  wanting  to  complete  the  wei^t  q£  the  nqrasr  t 
fwaed  be  eoasidered  as  water.  The  eoostitacnti  fband  ia 
way  wvra 

Hvdnigea  .         14-40 

Carbon     .         .  67-96 

Oxygen    .  17-63 


100-00* 
Now  tbeoe  nnmbeis  ue  nearly  eqniraleDt  to 
5      aunns  hydrageo, 
3-93  atoms  carbon, 
0-8    attHD  oxTgen. 
This  ooows  as  nearly  as  can  be  expected  to 
5  atoms  hydrogeoi 
4  atoms  carbtm, 
1  atom  oxygen, 
which  are  the  atomic  proportions  resulting  from  Mr.  Dalti 
analj'us.     The  experimeots  of  Sanssure,  therefore,  save  ■ 
additi<Hial  confirmation  of  the  constitution  of  ether  ai  ab 
deduced.     It  is  therefore  a  compound  <tf 

1  Tolume  tetarto-carbo-hydrogra  1-9444 

1  volume  nfMHir  of  water  0-62fi0 


2-5694 
Benee  die  true  specific  gravity  of  ether  vapour  must  be  S*M 
md  tt»  atomic  wei^t  is  evidently  4-62S. 

i.,  •ABMbofPUoMptij.iT.  4a 
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HMtOiiyiu  of  DaJtuii  and  SaiiMure  liavc  bfii'ii  confirmed    bki.iil 
by  Domu  unci  Iloiilliiy,  who  obtainisl 

Uirlwn  .  .  .  66'05 
Hydrugtii  .  .  13-85 
Oxygen   .        .        ,        -il-iM 


100-14* 


f^umdent  to 


4-08  atoraH  carbon, 
6'2    utonw  hydrogen, 
1       atom  oxy^n, 
tutm  iip)>ro(u:liin|;  theory  still  ncnrvr  than  Snumurc's. 

It  rrwmblcit  alcohol  in  betog  a  compouiul  of  1  roluine  of  • 
tnbwtible  caibo-hydrogen  and  I  volume  of  vapour  of  water 
taoigated  into  1  volume,  llitt  the  cat[u>-\iydtt>gca  U  dilTieretit 
a  null  1  in  aln>hoi  it  »  olr fiaiil  ^as,  in  ctiii-rit  isU>lATto-«iirbo- 
^JrOgHi.  Hence  tlic  reason  of  llii-  greater  ^rdlic  ^tvity  of 
tAtr  vaponr  anil  of  its  superior  combustibility.  Doubtlew  it 
il  Ike  aqueous  vapour  in  both  that  pr«v«nts  the  combustibility 
km  being  so  great  and  llic  light  emitted  ho  KpIendentM  whea 
oMant  gM  ibtelf  It  biimL 

Itignhousi  WiM  tho  Srst  who  asc^Hained  that  tlie  vapom  of 
nW detonate*  witli  common  air  aiid  oxygon  gas.  Ills  account 
•f  iW  experiment  vnu  firet  publisher]  in  a  IcClor  to  Dr.  l*ric«tley, 
10  one  of  the  original  roltunes  of  that  phituMiphcr  on  utr,  and 
Uktwiof  in  the  G9tli  volume  of  tlK>  Philosophical  TranKictioiHt. 
Kit  inetboal  wn»  exceedingly  Himp]«.  A  single  drop  of  ctlicr 
liliiUI  into  a  bottle  holding  about  10  cubic  inches  of  air,  gives 
k  de  property  of  dcttitialiiig.  Too  much  etluT  destroys  the 
(Utaatioin.     With  oxygen  gas  the  same  method  succevds.f 

When  etlicr,  in  the  state  of  vapour,  b  made  to  pass  tliroogh 
trid-bot  porM'Iuin  tube,  it  in  decomposed  completely,  and  a 
gnu  qoantily  of  carbutettod  hydrogen  gai  in  obtat»eil.|  Unun' 
nn^  junior,  repeated  the  experiment  with  precision.  He  pumed 
l>09  partH  of  the  ether  through  a  rvd-hot  porcelain  tube;  tlie 
pndacts  vere  pa  followa:  fij  jmrtA  of  churcoul  in  the  iuIk',  3 
I  of  volstila  oil  crystolli/ed  in  thin  scutes  and  smelling  of 
I ;  43  parts  of  a  volatile  oil  nearly  black,  partly  fluid  and 
■  the  consistence  of  honey  ;  .1  jiiirlJt  of  water,  uixl  948 
of  heavy    inflammable  air.      The  loss,  amounting  to 

•  Ann.  dc  dum.  ct  dc  I'h;*.  x»ri.  909. 
f  S«e  IncRnhoutl'  Rx|trricD(Tii,  p.  171. 
j  Dutch  ClKwiMa,  Joor.  <k  Phji.  sIt.  IM. 
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ciHi-  III.    100-75  pam,  «■**  chiefly  owing  to  iJie  «8capeof  oil  in  the 
of  vapour." 

If  we  fill  u  bottip  capable  of  holding  ihrt'c  or  four  Rngltsh 
piiib  witli  clilorinc  gns,  fonncd  by  tlic  itc-tivti  of  mumtic  acM) 
oil  clilorulc  of  polasli,  taking  care  to  expel  the  watrr  us  com- 
plctoly  iLs  pixwible,  iiiiti  thon  throw  into  it  about  a  dnu:fam,  oi 
half  a  drachm,  of  good  I'thcr,  covering  ibs  mouth  immediatet] 
witli  a  piece  of  light  wood  or  papiM-,  iii  a  few  »ccon<ls  whit'-  v; 
pour  will  he  perceived  moving  circular  iii  the  bottle;  this  will  b< 
fioon  followed  by  mi  expWion  accompanied  with  flame ;  at  tin 
same  time  a  very  cwnsidenible  quanliiy  of  charcoal  will  l>e  de. 
posited,  and  the  bottle  will  hn  found  to  contain  carbonic  avb 

T  uluill  now  Htate  tli«  action  of  ether  on  tlie  ])rincipal  ehemicj 
Bobfelunccs  with  which  it  U  likely  to  be  brought  in  eontiict. 

If  we  mix  together  equal  volumes  of  ether  and  water  in 
stoppered  phiul,  imd  uft4T  ngitation  set  down  the  phial,  tin 
li([u!d  speedily  separates  into  two  layers,  Tlie  up]iennoAt 
the  efher,  not  cjiiite  free  from  water,  iind  tlie  undermo*!  tb 
water  holding  tn  solution  about  -^lU  of  iu  weight  of  ether, 
was  first  ascertained  by  Count  Lauraguais.^  The  specific  gr« 
vity  of  the  warer  so  impregnated  is  0-90,  and  it  begins  to  bo 
(ucconling  to  Ualton)  at  203",  dbengaging  ut  fir<t  pure  elh« 

Tn  alcohol  it  <IiMi«olve«  in  all  proporlionx.  Common  etlx 
always  contains  alcohol,  fiy>m  wlueh  it  h  easily  freed  by  i^u 
tion  in  water,  as  has  been  already  ex]>luuied  in  a  fi>rmer  part  i 
tluR  fiectioD.$  The  fbtlowuig  table,  drawn  u]>  by  Mr.  Daltoi 
shows  the  specific  gravity  of  various  mixlurt«  of  ether  an 
alcohol. 


CnmbliiN 


udakohnL 


Blh«. 

Alcnfiol 

*  tt. 

ElhB.       Alolwl. 

"r-f. 

lOO  + 

0     . 

.     0-7*20 

40  -1-    60     . 

.     0-792 

90  + 

10    . 

.     0-732 

30  +     70     . 

.     0-804 

80  + 

20    . 

.     0-744 

20  +     SO     . 

.     0-816 

70  + 

30    . 

.     0-756 

10  +     M     . 

.     0-828 

60  + 

40    . 

.     0-768 

0  +  100     . 

.     0-830 

50  + 

50     . 

.     0-780 

If  we  agitata'  small  pieces  of  phosphorxLs  at  tlie  ttftnpcmtur 
of  60°  in  ctlier  fr«e  from  alcohol,  we  obmin  a  tmnqiarcil 

i.*  Nicholaon'a  Journal,  xxi  3(3. 

+  Cniickihonks,  Nicholnoti'ii  Jour.  v.  805.       |  Mwn.  Piiris,  1748,  p. 

^  A  lolulicm  of  1  |inrt  clher  in  S  or  3  porta  of  alcutiol  coimlitulei  Hi 
innnn'i  'i^iior  imodf/niii  viinrrnJii,  or  Iloft'mnnn'*  iMte  ittopt,  iO  CDtimon 
uiiijiloTed  in  llsiiiiiQr  in  ncrvoiu  allccliaiix. 


SULPIIUHJC  ETtlEK. 


fbeloHrlan  solution,  containing  nc'l*  *'f  ''^  weiglil  of  phnsphonis.  "^^  '"■ 
But  ctlicr,  if  it  contain*  alcohol,  (ll<«ol?i?a  only  j^^th  of  itfl 
T«)glil  of  ptio«{>h»nts.  I'lie  M>liKioii  siiiellA  of  pliwiphoms,  and 
hiraft  wlu-n  droppvd  into  boilinf;  wuUt.  Wht-n  inixMl  tt-ith 
llooliol  it  tivoumra  tailk)',  owing  to  tbv  prcdpilutJon  of  the 
■pboaplionw.' 

KtliT  wu»  suppofipd  incapable  of  acting  on  sulphur,  except  Uj^IuT 
i  Vhen  both  vere  in  the  state  of  >-apoiir,  according  to  the  expe- 
iBDents  of  Laui^^ais;  but  Vavts  luu  shown  that  a  §olution 
may  be  obtmii«d  by  digcvting  flotrera  of  sulphur  in  cold  otlier,  ^M 

ind  that  tlieKolvcnl  power  of  the  ether  is  promo t<'il  by  cxpoMire  ^M 

Id  the  iigiit.      By  a  month 'n  digc^ilion  he  dissolved  nearly  one  ^M 

pit  of  nilphur  in  I'i  of  sulphuric  etlier;  the  solution  uiw  nearly  ^M 

vAaulem,  biU  lud  ihe  taste  and  smell  of  sulphuretted  hydrogi'n.f  ^ 

Ether  disMUes  iodiue,  luid  the  -solutiuii  lias  a  brown  colour,  x-^i^ 
h  ifinolTes  also  the  ddoride^  of  carbon. 

It  abmrbR  2*17  times  it«  volume  of  cnrbonk  acid  gas,  5  times 
iu  roluine  of  cyanogen  gtM,  0-lS  volume  of  azotic  gn».  Ammo- 
riial  gM,  and  liydroeyunic  acid  vnpour,  arc  aUo  ulMorbed  by 
H  b  ooniklcrablc  quantitj*.  It  absorbs  muriatic  acid  gM,  and 
JiHalms  in  liquid  muriatic  acid  without  the  formation  of  muri- 
>ttr  ether.      Fluositicic  acid  ga.<t  is  absorbed  by  it  abundantly. 

FUhcr  dissolves  abnut  4  per  cent,  nf  its  weight  of  hydrated  iwuui, 
pobih.     'Jlie  solution  ts  yellonnMh,  and  ratlier  heavier  tlian 
rther-t 

It  dtmolvM  M-ventl  of  the  metallic  sulphurete,  chlorides,  hro- 1!^^" 
aides,  and  iodides ;  but  always  to  a  less  extent  than  alcohol 
dort.     In  general  these  solutions  undergo  speedy  decompos!- 
liaii,  acids  being  genenit«<L 

II  ia  im  exL-dlent  solvent  of  chromic  acid. 

It  disMlves  ^tb  of  its  weight  of  nilraU'  of  unuiium :  both  the 
eUoridcH  of  iron  are  tidten  up  by  it.  'Hie  solution  of  the  se»- 
ipiichloride  is  dark  yellow  and  vcrj'  acid.  \\'ln-n  wo  agitate 
ether  with  an  aqueous  solution  of  those  chlorides,  and  leave  the 
li<iuid  at  resti  the  ether  >>eparates  and  carrie«  with  it  all  the 
inn  chlorides.  It  has  l>cen  long  known  that  ether  separates  in 
the  nunc  way  tlie  cht<iri<le  of  gohl  from  tt-it  mpieous  solution. 
It  dtHolres  a  lillh)  uf  tlie  chloride  of  cobalt,  and  acquires  a  sky 
blue  colour.  Doth  chlorides  of  copper  are  diasolre^d  by  it  tii 
hiibU  quantity. 

It   diMolres   from    jtli   to  jtli  of  its  weight  of  corrosive 


•  Bragmtdli :  Ami.  de  Chlm.  xxiv.  73. 
t  Oefalen's  Jour.  it.  »7.  t  BouUaj. 
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c^  <■*■   Hiblimato,  and  when  n^it»tvd  witli  iho  aqueous  ml uti on 

roMve  <iul>timate  it  abstracts  it  from  the  water.  Aecontin^ 
Vogfl,  when  this  solution  is  exposed  to  iltc  light  it  dcpositcfl 
calomel,  but  with  1>t,  J.  I)itvy  thiit  (le^MMition  did  not  take 
place.  He  found  tht  specific  tfravily  of  ether  witiinitod  with 
comwive  •tiiblimutc  to  be  1*08.  It  is  a  good  solvent  of  cliluridc 
of  platinum. 

It  dissolves  Oxalic  acid:  in  small  quantity. 
Konnic  acid. 

Acetic  acid;  se[>anit«d  by  water. 
Mecnnic  acid. 
Gallic  acid. 

nenzoicacid;  j'jih  of  ita  weight. 
Camphoric  add;  ^  at  47^ 
Suberic ncid;  ^at39%^atS0*,^at95<'.  Braiidc«.J 
Cholemerie  add. 
Ambreic  acid. 
Stearic;  0*1 '2  part. 
Mni^fiiric. 

Oleic ;  I  part  in  S^  1  of  bailing  etlirr. 
Elaiodic. 
Phoeenic. 
Hu  lyric. 
Oiprotc 
Capric, 
Hircic 
Cevadic. 

Ricinic :  in  I  ether  at  64'. 
Tiie  pyroncids. 
Finally,  sulphuric  ether  combines  readily  witli  all  llie  other 
ethers ;  it  dissolves  also  pyroacetic  and  pyroxylic  spirits,  vola- 
tile oils,  fatd,  many  resins,  and  not  a  few  both  vegetable  and 
Ulimal  bodies  which  it  would  be  needless  to  enumerate  kerftj 
It  dissolves  also  several  fixed  oils  and  several  bitumens,  V 

It  will  be  proper  now  to  make  a  few  remarks  respecting  the 
tlieory  of  etlierifi cation,  wiiich  hiis  engaged  a  good  deal  of  the 
attention  of  cliemists.  To  uud.'r!»ian<l  the  suliject  we  must 
attend  to  what  takes  place  when  sulphuric  acid  iind  alcohol  i 
mixed,  and  the  products  successively  evolved.  Upon 
hruiicli  of  the  subject  much  light  has  l>een  thrown  hy 
expcrimcnU  of  Mr.  Hennell.* 

•  PhtL  IVaiu.  IB28,  p.  36S. 
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When  equal  wtfi^tibt  of  ulrohol  anil  sulphuric  acid  arc  mixwi    ^^'"- 
I  together  wiilrout  tlie  application  of  any  heat,  uboul  one-half  of 
tUii-  wlphiiric  actd  is  eonverltvl  into  Milphovinie,  which  (as  has 
[btrn  cx]ikujie<l  in  a  prvcwliiii;  part  of  tliit  vuliiim.')  '»  a  com- 
I  pound  of 

2  atuins  Bulpburic  acH, 
1  atom  tetarlo-carbo-hydro^n. 
^ten  thiit  mixture  14  dutiJlcd  ether  in  formed,  and  passe*  orcr 
uiUi  the  reeeiver,  while  the  sul|)hovinic  acid  disappears.     It 
TDultl  »p|>car  from  tJits  that  tiie  etlier  originates  from  ike  tetarto~ 
wha^lfdro^eH  in  the  Miilphovinic  acid.  Thb  substance,  in  order 
tt  be  t-onvertcil  into  ether,  rec)uirc8  only  to  quit  tlto  sulphuric 
wd  uiil)  which  it  n-a«  previously  combined,  and  tu  unite  with 
u  atom  of  u-ntor  in  its  stead.     The  action  of  heat  seems  to 
produce  this  effect  in  coiueciuence  of  llie  great  difference 
ntween  thv  volatility  of  sulphuric  nckl  and  aqueous  vapour. 
IV  sulphuric  acid  tliuK  set  at  liberty  acts  upon  u  new  portion 
tfilie  alcohol,  douhllcMM  converting  it  into  sulphonnic  aci<l« 
■Ueh  the  heat  afterwanls  dii-ompoHcs.     Tluit  this  view  of  the 
■Igect  is  correct,  seems  prove<l  by  the  direct  csperiments  of 
Mr.  Ilennell,  who  mixed  a  portion  of  sulpboyinate  of  potash 
nth  Uie  quitntity  of  sulphuric  acid  requisite  (o  saturate  the  f>ut- 
■ih, sod  distiUiug  the  mixture,  a  qiumcily  of  etiier  n-as  obtained. 
I      In  preparing  ether  tlie  ebullition  is  contuiued  tilt  white 
Vfepours  make  ilieir  appearance,  an<I  the  lunell  of  sulphurous 
arid  is  perceive<l.     'Pie  receiver  miiTit  (lien  be  elmiiKed,  for  no 
SMfC  ellii-r  will  Ik-  formed  imless  more  alcohol  be  added  to  th« 
aeM  mixture.      If  we  still  continue  the  heat  after  eluLngingthc 
r*eeiver,  sulphurous  acid  b  produced  abundantly,  and  a  yel- 
lowislt  liquid  comes  over  quite  ditfereiit  from  etlier.      Ifwemix 
il  with  a  sufficient  quantity  of  liquid  potJL^h,  to  saturate  the 
solphurouH  acid  which  it  contiiins,  and  tlieii  a])ply  heat  enough 
to  drive  off  tlie  little  ctJier  which  it  mny  contain,  what  hi  called 
tbr  mxet  oUqfui/K  will  rcmuiii  flouting  on  the  surface  of  the 
watery  liquid,     Thia  liquid  may  be  obtiuncd  In  greater  abun- 
dniiOe  by  distilling  a  mixture  of  equal  volumes  of  alcohol  and 
•ulpburic  acid,  and  purifying  the  product  by  iigitating  it  with 
N  weak  solution  of  carbonate  of  potash.     Thus  obtjiiucil  it  has 
a  yellow  colour,  a  fragrant  smell,  a  bittertsh  and  pungent  taste, 
and  a  specific  gravity  of  )-0C0.     It  does  not  mix  with  ether, 
but  combines  with  alotrhol,  and  it  |)roduces  no  cLinge  on  vege- 
table blues.     Mr.  Mennell  has  shnwn  by  sntis&ctory  experi- 
racntA  that  oil  of  wine  is  n  compound  of 


1 


.'W?'  >irr&Ai  comocxDS. 


V'ua  X  k-  'an.  nu-rUfejf  <c  :iie  wajto-cwbo-bydrogen  eepar- 
ia»  T-im  z  31  1  5ry>Sh3nf  mthl  and  the  tnl  of  wine  becomea 
sLiitiur-mi:  tMsiL  W;  ^im  ±nE  likk  bor  different  tetarto-catbo- 
I'lrivi^  >F  frioi  fuft&biucv:  iW  Atmer  beio^  a  8(did  and  (be 

jf  -w^  VEUH  -iL.  fc  T=&e  viii  a  soffident  quantity  of  water, 
T  ¥  .Mt««rM.  aai  mlcibi'rsae  aa(L  and  tbe  excen  of  tetaito- 
•KW-a.7>it*nc:Ri.  if  WTuneetf  ia  i^  ftem  of  a  bright  amber  cot 
fluw  111.  JC-SK  .-im!a!CAacy«'<a»0raiL  Its  qiedfic  giBvity  ii 
f^h  I~  >  seuiujiu!  ii  VIM?.  Tvry  solable  in  etlier,  and  smne- 
■wrats  vat  <w  :ii  iu.-Jiiui.  Ii  ;«:*«<  vrtb  a  brilliant  flame,  throw- 
31^  ^  mam  ."viwiL.  Wintx  Molyied  by  red-hot  oxide  of 
j»ini«r.  X  fiv«  t»n  si^jr^r  «^]al  it>ii»t  of  carbon  and  hydrogen. 

!rWe  ^%..  iK  -v^jcs.  vt  A?e  dueflv  indebted  to  Mr.  Hien- 
Ktl,  vtL  itBtnat  at  »  JccnKSKv  tae  aecnncr  of  the  theory  of 
tehrrdKaom-  i»c  ^cwksia:  :-r  Fooiaor  and  Vmuqnelina  and 

n«^  oiJifBuraF  «v»  ^c  cobiMi  (hat  tbe  imly  difference 
Jvnnnni  iltxihji  joii  iOftc  »  tasix  iW  tbrmer  contains  twice  aa 
soco.  'vaofT  a»  :itc  asstc.  Sf^phmic  acid  aria  umply  1^ 
jA!C!k.-ca^  m^i-JiLi  -•c  z'lt  water  •»  tbe  alcohol ;  the  qiirit  thiu 
iM«ali«!u£v«  .'if  ixi>i«f^:^«  x-csofether.  This  tfaewy  poMcia 
a^  sKfct^  ..>c  iXTT^mfi  ^ijzi^-xiij,  and  when  it  was  advanced  it 
jpc«fttKC  •i.rt>;c^\:tit:ai^ji!.  I:  bas  been  lately  supported  byan 
edaSxw  «■:  I.-;  ix-t^jnn^s  by  I>unK  and  BooUay.'  But  I 
•MOMLAfr  i:  !-.'  Sf  -^ixzifv^Ktary  m  eater  iqxm  any  difwmwinn, 
Sn-www  a«r  rww.'CLZj:  »  anerly  at  variance  with  the  whole 

I;  »  t.-vn:c:i'y  tru^  zht:  «:her  contains  only  half  the  water 
thai  e\csai^  ia  A^.^'C\U :  but  it  t$  no  less  so  that  the  other  oon- 
:«ti*ie«t  k4'  <^r  W  sv>t  t^  suae  with  tbe  cmnbustible  oonati- 
tiMttt  «4'  amX'^*!.     Ai<wh>L>i  is  a  <«Bq>ouod  <rf' 

1  aiMEt  water. 

I  aivoi  iCe&ani  cas. 

1  aMcB  araner. 

1  alum  letano-carbo-bydrogen. 
QMbM  fW  it  an  efaetic  duid.  tetarto-carbo-hydn^^  a  liquid 
Wntti  Mjr ;  vMant  ^  b  a  compound  of 
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f  Q  aUims  «irtM>ii, 

\  2  auims  liy(lr«>^ii. 
Wbile  t«twto-ov1>o-liy(lrog«ti  is  a  compount!  of 

C  4  a(t>ni»  cvboii, 

(^  4  iitonM  hydrogen. 
He  eflipct  produced  by  the  sulphuric  add  on  tho  alcohol  \s  to 
Mparale  the  ole6anl  gas  from  the  water  with  ivltich  k  was 
Wfore  in  comhitialioii.  And  it  is  ant  unlikely  that  the  strong 
affinity  of  fiiilpliuric  ncid  for  water  may  contrihute  to  this  effect. 
On«  portiiin  iif  llie  tuilphuric  acid  inay  combine  with  the  olefiiint 
gn,  wtd  nnotht^r  with  tlio  water.  Itut  the  olefiitiil  ffMs  when 
&u*  united  to  the  acid  undergoes  a  farther  raodilication :  two 
MOOM  of  it  are  combined  togetJier  to  constitute  one  atom  of 
IHirto-carbo- hydrogen.  How  tbtN  new  comhination  takes  place 
tunot  at  prcftcnt  be  ^■xpluiucd,  a.i  we  luive  no  exact  notions 
npitn  wlwt  the  nuiny  different  mod tlicjit ions  of  carbo-hydrogcn 
■1  prownl  known  depend.  But  it  uppean  from  the  experi- 
■tnts  of  Mr.  Ilennell  that  we  can  extract  either  ether  oralco- 
M  si  pleasure  from  sulphovinic  add.  When  dry  Mtlpliovinatc 
tt  putesli  n-as  mixed  with  ttie  i|uautity  of  sul]>huric  acid  neces- 
•ry  to  Hntiirate  the  poIiMh,  elht-r  wiis  <ditainfd  ;  but  when  the 
■It,  prrvioudy  dis^olvMl  in  wiitur,  win  inixeil  with  the  Mime 
qnuitity  of  sulphuric  acid,  imd  distilled,  alcohol  wus  obbiined. 
In  tlie  former  case  the  combiri:iti»n  consisted  of  an  atom  of 
nier  and  an  atom  of  tetarto-carbo-hydrogen,  in  the  latter  of  an 
ittcn  of  water  and  an  atom  of  oletiaitt  gas.  It  apjioars  from 
tUi  that  water  and  hent  )>ave  a  tendency  to  convert  t«larto- 
(UbcKbydrogen  to  ulefiant  gits. 

We  cannot  easily  explain  the  cause  of  the  oil  of  wine  being 
drmed  when  the  alcohol  is  greatly  diminished.  The  charry 
luuer  formed  s^^eros  to  act  upon  the  sulphuric  ari<l.  It  pro- 
UilyctintimixuipiantilyorteuirOKairbo-hy^lrogcu,  which  unites 
«ith  llie  Hilphovinic  aci<l,  an<l  converts  it  into  <h1  of  wine. 


Strt  IV. 


■  SECTION  IV, — OF  ACID  KTHF-RS. 

Tlie  etliers,  which  I  dUliiiguisb  by  tlie  upjiclhition  nriti,  not 
^naiMc  ibcy  jiowew  acid  properties,  but  because  they  contain 
u  acid  lis  one  of  their  con»tituent«,  are  twelve  in  number,  and 
Mamlly  divide  iheniselvcs  into  two  seU',  namely  :  tliotie  tJiat 
MMain  a  hgdradii  or  ektirrine  asa  conslitiieiit,  and  those  nhtch 
ttvtain  an  ox^ffea  acid.  The  first  set  comprehends  4  etherx, 
■Mnely :  muriatic  ettier,  eblnric  ether,  hytlrobromic  ether,  and 

^^hydiiudic  ether.     The  wcoihI  »et  coibists  of  6  ethers,  namely : 
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aitci:  etaer.  .i^ic  niua.  atrde  mWt,  bemok  edier,  fbnnic 
gaa.  arao:  eda.  asxie  MlwrT  lad  —Be  edter. 

A3.  aoK  A&en  ve  Bade  bv  j^fflHng  mixtures  of  alcohol, 
ami  isui  Msi  v^uei  anen  onb  cack  M  >  eoostitDeaL  Some- 
aans  IE  if  ^wi^oaaw  a>  nU  a  omm  pOTtioo  of  sulphuric  add  to 
tW  adbnsre.  T\eyai«.  eaehfOamMl  by  adding  Ae  term  ether 
tv  &«  and  isnpIuTOi  ui  in  ^K^atioa,  and  vhidi  ezistB  initai 


1.  Mm^EAtr. 

AArr  t&e  Aco^vrr  af  wlpkaric  aad  nitrie  etltera  Tirioni 
iOiBpQ  vne  nude  b>  oboia  c  Aer  by  the  action  of  mnria& 
add  <n  alraW :  bqi  i^  acid  in  in  asaal  stale  is  too  mod 
£Iii»ii  vic&  waSK  w  Kt  vtA  mock  energy  iq>on  aloAid.  It 
was  Awncht  necvasary.  diienriare.  in  oider  to  procnie  mnriatie 
ccker.  to  cmplay  ch«  aotl  in  a  iiidH«l  state.  Tbe  method  of 
Bbwintng  i&if  Mher  h  as  ^ows : 

I^IIe  alcuhiol  k  suantnl  viih  muratic  add  gas  m  free  friai 
water  as  possiUe.  The  toUowing  is  the  fmmula  recommended 
hr  Mr.  Buse.  Ke«p  a  qondty  of  coounon  salt  for  an  hour 
in  a  sate  o£  fuskm.  in  «der  to  defwire  it  of  its  water  of  ctya- 
mlloation.  Pat  ;3I)  pans  oi  this  »It  into  a  tabulated  retort,  to 
the  beak  oi  wkkk  e  fined  a  bent  mbe,  plunging  into  a  WooUe's 
bottle,  eooainin^  10  parts  of  ^c<A<^  as  stroi^  as  po8Bibl& 

Introdotfe  into  the  retort,  in  snail  quantities  at  a  time,  10 
parto  of  the  mtKi  cuucentrated  sulphuric  acid,  allowing  die 
nNDUMw  vr  to  est.'ape  from  the  bottle  containing  the  akdiol ; 
then  distil  in  a  sand  bath  till  the  muriatic  acid  comes  orer, 
keepii^  the  alcohol  botUe  as  cool  as  possible  during  the  process. 
The  akahol,  thus  saturaled  with  acid,  is  put  into  a  retott,  and 
ooe-half  of  it  distilled  over.  Agitate  this  portion  with  an  alka- 
line ley,  and  then  decant  off  tbe  ether  whk^  swims  <hi  the  ssr- 
fiKe :  it  usually  amounts  to  9|  parts.* 

Very  little  was  known  of  the  properties  of  muriatic  edier, 
till  Gehlen  publtsbed  a  dissertation  on  the  subject  in  1804kt 
He  empfeyed  two  pnxresses :  1.  the  action  of  the  fuming  liquor 
of  libarius  on  alcohol ;  '2.  the  process  of  Basse  detailed  BboT& 
Both  of  dtem  furnished  ether,  tbe  peculiar  properties  of  which 
W  haa  deMfibed  witb  accuracy.  Thenard  published  three  dia- 
oa  it  in  I807,|  pointed  out  the  simplest  process  for 


•  Joar.  da  Chn  n.  86.  f  Oefalen'i  Jour.  iL  B(Ml 
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I  obtaining  it,rxuDtini>dtIip  effect  of  chlorides  on  iilcoliol,<leacribed     ^a^n 
i  tlw  i>ro|>crtica  of  muriatic  ether  in  detail,  und  made  a  Mt  of 
[  K|>eriii]entM  to  ascertain  its  constituenu.     To  the  disKertations 
of  ihtfMf  two  chemist*  we  arc  indebtvd  ft>r  all  that  we  know  of 
this  very  rcraorkablo  substaiK-v. 

The  prooem  recommended  by  TTicnurd  for  procuring  this  fwbbi-mi 
ether  ts  the  Ibliowing:  Equal  bulks  of  muriadc  acid  and  alco- 
hol, both  as  strong  as  piMsihlc,  are  put  into  a  retort,  of  viicli  a 
siie  n  not  rauth  m<m-  ikui  to  bold  ilie  mixttire.  A  fvw  gruins 
of  iand  should  be  put  into  the  rotort,  to  prevent  the  violent 
bailing  which  might  olhcrwise  take  pitice.  From  the  beak  of 
tfce  retort  a  tube  passes  into  a  glass  jur,  twice  the  size  of  the 
retort,  aiid  furnislied  with  three  moutlis.  Tliis  jar  should  be 
half  filled  with  water,  of  the  temperature  of  about  70*.  Into 
de  Mooiul  mouth  a  straight  tube  of  safety  is  luted,  au<I  into  the 
lUnl  a  (ul>e,  wbtch  passes  into  a  water  trough  to  reci-tvc  the 
gat.  Mlieii  heat  't»  ii]>plied,  tlie  mixture  ttoon  emits  bubblea. 
There  passes  into  the  receiver  alcohol  with  acid  and  water :  but 
<kt  whole  of  the  ether  makes  ite  escape  in  the  state  uf  gwt,  and 
MBt  be  received  in  proper  vessels.  From  500  grammes  of 
Kid  Bitd  the  same  hulk  of  alcohol,  between  20  and  90  litres  of 
tlhereal  gaw  are  obtainnL  (>r,  in  round  numbent,  a  mixture 
of  acid  and  idcohol,  weighini;  al>i>ut  30  ounces  Iroy,  will  yield 
between  12*20  and  1830  cubic  inches  of  ethereal  gas. 

ThiM  gas  is  colourless,  it  has  a  strot^  etliercal  smell,  and  u  ("xt^i 
ivei-tisli  tMste.     It  pnxluces  no  change  on  tlie  infusion  of  llt- 
Btis,  the  synip  of  riiilew,  or  lime  water.     It*  specific  gravity 
Ii3'9l9,  that  of  air  being  1.     At  ibe  temperature  of  tl4' water 
dJMolvea  its  own  bulk  of  llii«  gns. 

W^n  exposed  to  a  cold  of  52°,  it  loses  its  aerial  form  and 
beeootea  llqiiid  ether.  It  may  be  procured  almn<bntly  in  that 
Mate  by  padsjttg  tt  into  a  dr)'  glass  jar  surrounded  witli  ice. 
Muriatic  ether,  in  ilM  liquid  state,  is  colourlcso  like  water,  very 
litpiiil,  Eiiu  no  action  on  vi-gi-tal>le  blues,  and  hax  the  wune  Mnell 
and  taste  as  in  the  gaseous  ^tiite.  At  tlic  tem^n-ruture  of  41% 
Thrtinrd  fiiuinl  it  of  ihe  specific  gravity  0-874.»  It  is  much 
norv  volatile  tlum  uleuhol,  or  even  sulphuric  ether,  assuming 
Ibo  gMoous  stute  when  not  hotter  than  64°.  None  of  tJie  usual 
%tvbt  indicate  the  presence  of  any  muriatic  aei<t.  It  <loes  not 
affect  vegetable  blues  oor  give  out  aeid  when  agitated  with  an 

*  Bum  Dbuincd  it  of  die  spftiRe  gravity  OHtO,  and  Oehlen  of  0-8M. 
Here  we  nuK  canaiiW  wdgbt  *a  a  mark  of  purity.    Uence  it  Is  obvioux  ili»t 
!  anriuie  ctber  of  tlie  OMnuu  dwailiu  VH  lew  puru  thsn  TlicDard'9. 
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am  at  aikoliDc  ley,  or  occasion  an  immpdiatp  prvctpitate  whrn  mixnl 
with  nitrate  of  «ilvrr.  Butwlipn  brought  in  contact  with  a  com- 
hiutible  it  bums  readily  n-ith  a  ^7v«i)  coloured  flame,  and  a  very 

tcoiuid«rabl(!  parliofi  of  muriatic  ami  is  immediatcty  diiM'ngt^ed 
in  tlir  slaU'  of  rajiour.  Thia  &ct  llifn  no  xini^tlar  wnx  fint 
obaerrrd  by  GcbU-ti:  it  ban  b«;n  ninub-ly  cxitmint-d  by  TIkn 
nard.  Wben  allowed  to  rvmuii  for  »  long  lime  in  contact  with 
an  alkali,  it  do«  f^m  out  a  portion  of  muriatic  acid,  and  it 
slowly  produces  a  precipitate  in  nitrste  of  silver  after  tbe  itifan- 
ral  of  several  ilays.  and  the  quantity  of  precipitate  increaMt 
with  the  time.  Hut  in  neither  case  is  the  ether  dvcoinpoeed, 
or  deprived  of  the  property  of  giving  out  muriatic  acid  wben 
burnt. 

Thenard  has  endeavoured  to  ascertain  the  compoxition  of 
muriittic  ether.  From  the  qnaiitity  of  muriatic  acid  wbieli  di»- 
appcur?  during  its  furmation,  he  lias  calculatiil  lli.il  1 00  ports  of 
muriolic  <'ther  couiaiii  -iB-t-l  uf  acid.  Hy  mixing  determinate 
portions  of  muriatic  ether  gas  with  oxyg<>nga«,  firingthe  mixture, 
and  asoerHuniiig  the  products,  whii^  arc  only  carbonic  arid  ami' 
water,  he  endravourrd  to  ascertain  the  proportion  of  the  other 
coiiMttuents.  Tlic  folloicing  is  the  re«ult  of  lib  exuminatioo : 
CMVMtuin.  29-44  muriatic  arid 

a(>-6l  carbon 
aS'-ii  oxyp'n 
10-64  hydrop-n 


lon-oo* 

It  is  generally  admitte^l  tliat  it  is  a  compound  of  onv  atom  of 

teliirlo-carbo-hydrogcn  and  one  atom  of  muriatic  acid.     Or  in 

a  slate  of  vapour  il«  coii>tituonl!t  are 

2  volumes  olefumi  iriLs  =  1-94-1-I4J        ,         .  ■  . 

,      ,  .    .    "^  ,  rt  ,.-^  f  condensed  into  two 

I  volume  munatic  gaa  =  l-*i847'2> 

volumes;  whidi  gives  '2-I!>-1  for  the  specific  gravity,  and  llib; 

number  duM  not  difTor  mucli  from  2-'2 1  !> oliliiined  by  Tlienard. 

If  we  admit  iti«  composition  to  be  so,  its  cunstitncnts  n-ill  be 
4  atoms  hydrogen  .         .         0-5      or    <!'I5 

4  atoms  carbon  .         .         S-0  36*92 

1  atom  muriatic  acid         .         .         4-62A       56-93 


8-195       99-99 
These  nnmbers  appear  at  first  sight  to  denate  enormously  firom 
tliMe  of  Thenanl ;  but  the  difference  is  only  apparent.     The 
■  Mem.  d'Arcueil,  i.  Ml. 
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qtuntity  of  carbon  approscbes  very  nearly  to  that  gireii  by    *«■  <v. 

Thenard.     Wlien  we  correct  tin'!  hydrogen  by  applying  the 

nore  cmrerl  (lata  which  wc  at  prcunnt  [MMwesA,  'riieiinrd's  num- 

ber  W)U  approach  much  nearer  to  6*  1 H  per  coiit.  titan  it  (loeN  at 

|«eaent.     To  obtutn  the  tnic  quantity  of  imirinlic  iiciH,  wc  must 

■dd  Uic  qiuuility  of  oxygen  and  miiriiitic  acid  found  by  The- 

Mtd  tof^ther,  btrcauw  the  supposed  oxygen  was  deduced  from 

u  erroneous  eittinuitc  of  the  atomic  weight  of  muriatic  acid. 

TUi  wUI  laW  tlic  amount  of  ucid  to  a'2-75  per  cent,  whicli  du^^ 

nut  difftT  mnch  more  than  4  per  cent,  from  the  calculated 

mmbcr.      Even  lhi§  itilTcrencp  would  ditnirii^li,  if  we  wer<-  to 

■Ifly  the  exact  data  which  we  now  pos«e<>§  to  Thcnard's  «xp«- 

dawBt.  u\>'i    ..■  - 

If  the  preceding  estimate  of  t)M*compnedtion  of  muriatic  ether 

incorrect,  it  contaiiiM  no  uiit<.T,  and  the  r«>mhiL<lihle  conntilucut 

tniieUberbecotHidcrednsoIefiantga§nortetarto-carho-hydro- 

gnt.     For  it  is  a  combination  of  '2  vohimes  of  ololiant  gas  and 

I  Tolmne  of  muriatic  acid  gas  combined,  and  condensed  into  2 

a.  CMorie  Et/ter. 

This  compound  was  first  noticed  by  S<rheel(**  and  West-  lumrr- 
mnb.  It  lias  been  unce  noticed  by  diiTcrenl  cbciniMs. 
TnsnaiMJorf,!  (iehlen,!  'Dicnard,}  Berthollel, K  Robiquctaiid 
tfllia.^aiid  l)e«pretz,»»liave  made  experiments  on  itiusucces- 
■ioD,  It»  iiiiturc  has  not  yet  bvvu  dctentiiued  in  a  Kati^factory 
tamer;  but  1  have  noticed  it  here  in  order  to  draw  to  it  the 
Wntion  of  experimental  chemists,  It  has  been  frequently 
oAkI  Aearg  ttturiatic  ether,  from  the  sappo^ition  tluit  the  cblo- 
n>e  hat  lic«»  conrerled  into  nuirialic  aci(L 

It  was  pn-]iarcd  by  passing  ii  current  of  chlorine  gaa  through  F«nutk>a 
ticahol  or  sulphuric  ctlier,  till  these  liquids  refiuetl  t4),^l)M>rb 
wy  more.  The  alcohol  acquired  a  yellowi»b.igrceii  colour,  and 
tttniDg  smel!  of  muriatic  acid.  During  the  process  Home  car- 
Iwic  acid  gRN  W9M  ev»lvv<l.  \\'heD  the  process  was  terminated 
>D  dy  hwkini;  fluid  had  precipitated  to  the  bottom,  and  when 
^  liquid  swimming  over  it  was  saturated  with  potash,  an 
•Utioaa)  portion  of  tJus  oily  malt«r  made  iiH  appearance, 
^'hea  ctber  \%  employed  tlie  oily  matter  makoH  itM  appojtraitce 
■Wn  the  saluruUtl  liquid  a  mixed  »'itb  wulcr.     It  is  to  tfais 

*  Opmcult,  ii.  130.  t  Seberrr's  Jour.  tii.  JTB- 

I  OdiUn'*  Jour,  ii  »7.  $  >1e>i>.  d'AroitfU,  I-  147i  ii.  SA. 

I  Ain.<UChiBi.ct(lePhy*.i.t8&     1  ibid  \LtW.      •*  ItmL  lu.  497. 
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oily  looldni^  tiAttnet  tku  tlic  name  of  tJtiorie  or  Aeairy  mK 
a£K;  tficrkai  been  giren. 

It  ii  a  coloniicaB,  tkia,  oQy  looking  fluid,  hat-iDg,  nccordii 
Is  Vogci,  the  specific  gTavity  of  M34.  Il  is  nwre  rolatilc 
waicr;  hm  a  mtell  Motcwliac  wuhr  to  dvat  of  nitric  ctlirr,  an 
■nnalic^  boc,  and  »oa>rwim  biuer  taalr.  It  dues  not  redden 
fitBDi  paper.  It  is  nrj  little  soluble  in  water.  Voget  added 
two  drops  of  It  to  an  ounce  of  water,  and  eercia]  days  etapsed 
brfure  tliey  disappeared.  Ilut  in  aloobol  and  sulphuric  clhct 
it  diasolrea  iu  any  proportion.  Wben  MBsted  by  beat  it 
•oltrai  a  Little  pbo^pbonis. 

It  boms  witL  a  grconisb-ycUow  flame,  evolving  mtir 
■cid.  Muriade  Mid  Ukrw-isc  mak*^  its  appvaninci'  wben 
mbuance  b  pawfJ  through  a  red-bot  porcelain  tuW. 

Nothing  rery  precise  has  been  determined  respecting  tlie 
compoHition  of  tiiix  etber.  Dei^reu  oomtders  it  as  a  com* 
|m>uik1  of 

I  roltUDe  chlorine, 
1  Tolune  tet3rto-car1>o>hydr(^eD,  or 
9  Tolnine))  of  oleliant  gas. 
But  htf  ha.t  not  established  tbe  truth  of  this  (pinion  by  a 
sntisfikdory  experiments.      It  is  clear  from  the  es|)eriinents 
Robiqurt  and  Colin,  that  its  properties  are essentiiilly  diflfert 
front  the  compound  of  1  volume  of  cbloriiie  and  I  volume  of 
(defiant  gasi,  irhicb  I  distingui'thed  in  the  Last  edition  of  tiiia 
woric  (but  improperly)  by  the  name  of  chloric  ether. 


a  Hydrvhrvmic  ElUar. 

«-as  first  formed  in  16*27  by 


M.  ScnilEaa, 
It  was  prepared  by  the 


\ 


I'his  ether  «-as  nrst  formed  in 
luu  Ikoh  ver)'  imperfectly  examined, 
following  process: 

Fortj'  parts  of  aloobol  of  the  specificgTavity  0-827  were  put  into 
a ■umalitiiiiiilAttNl retort,  lolliisone  jiiurt  of  pboi^ibortia  wni*iJiiddedt 
and  tiiutlly  7  or  H  piirts  ni  broiiiini'  wen-  poured  in  by  little  ai 
a  time,  Every  lime  that  bromine  c»me  in  eonlact  with  tbe 
phoeiphorus  under  the  alcoliol,  a  rapid  combination  took  place 
lutd  beat  u-as  proiliicetL     Hence  hydnibromic  acid  luid  pbos- 

[tliorous  ncitl  were  fonned.  The  mixture  was  now  distilled 
>y  a  gentle  heal,  what  csme  over  being  n-ceived  in  n  globnlar 
glass  vessel  well  cooled.  This  product  being  mixed  witli  wuteri 
the  hydrubromic  ether  separated  and  sutik  (<>  tlie  boltoio. 

Hydrobromic  ether  thus  prepared  is  culourk-Sit  and  tnuiepi- 
rent,  heavier  than  water,  iiaM  a  strong  ethcrial  stnelt,  a  sharp 
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tme,  and  is  very  volatile.     It  ut  soluble  in  alcwhol,  from  which    *»^  >"■ 
it  »  precipitated  by  wat«r.     It  iloe«  not  alter  its  colour  by  "  ~ 

krepiiig.* 


i 


4.  H^riodic  EAer. 

This  ether  was  discovered  by  M.  Gay-Lussac.  FIc  formvd  iiMa^ 
it  by  mixing  together  2  volumcN  of  atxiolule  alcoliol  and  1 
Tolune  of  hydriodie  aciil,  of  the  specific  gravity  1-7,  and  dU- 
tiUing  in  a  waler>1«lb.  He  obtained  nn  alcoholic  liquid  per- 
freiiy  neutral,  colourles*,  and  limpid.  When  mixed  with  water, 
1  liquiii  prreipitateil  in  snudl  glol>ulcs,  at  fir«t  milky,  hut  which 
grvlually  became  tiansitarent.  I'his  liquid  was  hydriodic  elber. 
\i\ai  remained  in  the  retort  was  hydriodic  acid,  much  coloured 
if  Ml  exoeM  of  iodine. 

SfruUa*  formed  it  by  tlieiuune  procewa^  that  which  furnished 
i^robromtc  ether;  by  adding  iodide  of  phoKphorus  to  aleobol 
ia  a  bibokUcd  retort,  and  distilling  the  mixture.  The  etlier 
!■  wpanted  from  tlie  alcoholic  liquid  in  the  ron-ivcr  by 

wier.t 

Hydriodic  ether,  after  being  well  washed  vrith  water,  is  per-  Prai*"!"* 
fcctly  iicuiml.  Iti  ivloiir  is  strong,  anil,  though  peculiar,  it  is 
Mdo^UB  to  that  of  oUier  etlu^rs.  In  n  few  days  it  acquires  a 
Itddiih  colour,  which  does  not  increase  in  inte>i»ity.  Mercury 
■dpotasli  instantly  destroy  thiscolour  by  removing  the  iodine 
t»  which  it  U  owing.  Its  specific  grarity,  at  T'J*.  is  1'9'J06, 
It  boils  at  the  tempemture  of  14tt°|.  It  iit  not  infUunmable, 
hM  nerely  given  out  pur|>le  vapours  wben  put  upon  burning 
mU.  Potassium  may  be  kept  in  it  witliout  alteration.  Potash 
1m  Dot  »\U!t  it  immediately,  neither  do  nitric,  and  sulphurous 
mU|i  or  chlorine.  Sulphuric  acid  renders  it  instantly  brown. 
WImb  pOMcd  (lirough  a  reil-hol  lube,  it  w  decom{HiMed,  an 
bhntnidllB  cnrbiirelt<'<l  gas  io  ohl^uiiod,  hydriodic  aei<l  evolvetl, 
■od  some  charcoal  deponited-t 

TUi  etlter  has  not  hc4>n  annlyxed ;  but  analogy  would  Iciu) 
to  the  opinion  tliat  it  is  a  compound  of 
1  volume  iodine  vapour, 
1  1-oluroe  tetarto-carbo-liydragea»  or 
3  volume*  of  olefiant  gas. 
supporitMui  its  atomic  weight  will  be  19*S76.    And  tl 
a  coraponnd  of  10  atoms. 

*  Aaa  de  CKtio.  cl  dc  Phy*.  suW.  W-  t  IbU.  si*.  H^ 

\  Ann.  lie  Cbiai.  sd.  US. 


Muriatic,  hydrohromic,  and  liydriodic  vtben  tire  prubnttl 
analogous  compounds,  consisting  of  4  alotnH  caHiun  and  4  Ktonu 
hydrogen  (whether  iii  the  slate  of  olcfiaiit  gas  or  telarto-carbo- 
hydn^en  ia  doubtful),  united  respectively  irilh  an  atom  of 
muriatic  acid,  hydrohromH;  acid,  and  hydriodic  acid.  They 
contain  no  tvater,  and  in  UiLt  important  ctrciunstance  differ  frota 
llie  eight  foiluwing  ittlieri*,  which  seem,  likt^  sulphuric  etJier,  to 
ooiitaiii  welter  u»  an  ciwentiul  constituent. 
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5.  StdpAocj/anic  Etiter. 

Tlii.t  elher  was  iliscovered  by  M.  Uebig,  and  descrft 
him  in  a  Mcmnir  pultli-^hcd  in  18'ifl.'  It  wa»obti»inc<l  by  di'»- 
tilliiig  a  mixture  of  1  part  of  isulphocyunoclidc  of  potassium,  S 
partK  of  sulpliuric  acid,  and  three  parts  of  ether  of  \he  sfiecilK 
gravity  0-848.  The  product  of  the  distillation  being  mixed 
with  \vater,  an  oleaginous  titjiiid  separated,  tlie  weight  of  which 
was  about  ^tbs  of  that  of  tlie  Kiilphoeyanodide  employed.  hX, 
first  it  sM'am  on  tlie  surfoce,  but  the  .-dcohol  and  sulphuric  cthcj 
which  it  contiiini'd,  being  removed  by  n-pcated  wiudiiiigs,  it 
sunk  to  the  bottom  under  the  form  of  a  colourless  or  sligbdv^ 
yellowish  oil.  1 

It  liaH  a  strong  smell  of  assafcetida  or  cocblearia  oAciiiaUs 
which  ad)ien-H  (strongly  to  I'vory  titiiig  which  it  touches.  It  a 
insoluble  in  water,  but  it  commuiiicutrM  Hx  odour  to  tlutt  liqiUa 
It  has  a  swoctisli  taste,  and  leaves  an  impn-ssion  of  peppermint 
in  the  mouth.  It  is  very  soluble  in  alcohol  and  sul|)huTie  etlier. 
It  burns  readily,  and  gives  out  fumes  of  sulphurous  aeid.  It 
be^ns  to  boil  at  151°,  but  the  boiling  point  rises  to  XGX".  \t» 
ulcnliolic  solution  does  not  pos.-(ess  acid  ])roperlie&.  It  i»  uut 
d«(N>mpOSttd  «itlier  by  puliMh  or  iinimonin.  J 

Potassium  placed  in  coutuct  with  it,  after  bi;ing  rcctiRed  frxMV 
dry  chloride  of  calcium,  preserves  its  lustre  for  some  time ;  but 
if  heat  be  applied  it  beeomcs  covered  with  n  yellow  crust  eol 
bltf  in  water,  and  precipitating  peroxide  of  iron  red.      Kenc 
the  crust  wait  sulphocyanodide  of  potassium. 

Nitric  acid  act»  upon  it  with  great  violence,  producing  even 
combiuition.  Much  deutoxide  of  luote  i^  given  out,  aiwl  tli« 
remaining  lit{uid  contains  sulphuric  acid,  'lliis  ether  ^isorU 
chlorine  abundantly,  sulphuretted  hydn^en  gas  is  given  ouC 
and  die  smell  of  chloride  of  Mulpliur  becomes  sensible.  If  we 
add  water,  and  continue  to  pass  cldorine  gns,  more  of  it  i 


'  Ann.  de  Chim.  ct  dc  Ph)^,  xlL  20;;. 


diwbed,  and  tlie  xraell  of  c)il<>ri<lo  of  cj-anogcn  becomes  per- 
etpdbte.     The  lii|iiid  it  now  ncid,  and  precipitates  bnrjtossalu. 

IlxKnc  (Us^dIvcs  ivndily  in  itiia  elli^r.  Sulpbur  is  aUo  very 
ululilr  bi  it  if  we  elevate  tlie  temfK-niture.  'I'tie  iiatno  renuiTfc 
iji|ili<s  to  pliosplioms. 

TWuj^h  (lit'i  ellier  luw  not  b«(>n  unalyit'd,  yet  it  bi  «vi<li>nt 
tUtilcnu  tains  sulphocyiuiagi'n,  unci  lliat  it  is  ilratitutc  of  wnter, 
ind  aunluf^  InuLt  to  the  opinion  that  it  is  a  compound  of  I 
Blfifnuit  paniclr  of  sulphocyanogen,  and  1  integrant  particle 
of  letarto-ou-bo-bydrogen  united  together. 

6.  Nitric  Ethtr, 

S'ltric  cthrr  ik  fintt  m<-ntioni.-ii  in  iin  c|mtle  vrniten  by  KunkrI  iummt. 
loVoi(rlit,  and  pul)li»licd  in  Ift8l  ;*  itnt  iiu  altentiuti  wuh  piitd 
b  it  by  sticcceitinj^  chemists  till  it  wwt  ditimvcred  n  m'coimI  time 
I7  Nnvier  in  I74'^.f  and  a  third  lime  by  Setiuxtiani  in  I746.{ 

TW  nicllio<i  of  pr<^|lu^illf;  it,  pro)>a«ed  by  Navier,  wa^i  tblt : 
Tnire  parlD  of  aleobol  are  put  into  a  strong  bottle,  which  b 
b^  tumninded  with  water,  or  mthcr  with  ice;  i-ighl  paru  of 
■ilrie  acid  ore  poured  in  at  intervuls  tlie  mixture  b^ing  agitated 
<Afr  «vcry  addition.  The  bottle  is  liicn  well  corked,  and  tltu 
CDfk  secured  by  leather.  Etber  gmdwdly  foniu  ut  tlie  Nurfiicc 
rf  tic  liquid.  After  five  or  six  days,  when  tl»c  formation  a 
Nppoaeil  to  be  over,  the  cork  is  to  be  pierced  with  a  itecdie, 
loijlow  a  quantity  of  nitrous  (pis  to  CHcapc,  wbicb  would  otlicr- 
*iw  carry  tlie  ether  along  with  it.  The  cork  in  then  to  be 
'nvn;  tbe  whole  liquid  is  to  be  poured  into  u  fiiiincl,  and  by 
>Nm  of  (he  fingt-r  the  liquid  below  is  allowed  to  run  out  while 
Aether  i«  relJiined. 

Tliit  mcthot)  in  MKuewhat  haxardous:  for  tlie  quantity  of 
■feoiis  ga«  ei'oK'e<l  i"  ko  great  as  of^n  to  burnt  the  bottle. 
Dr.  BlMk  kubslitutcd  in  place  of  it  a  very  ing4>nious  procois. 
Bt  put  into  a  glM«  phiid  the  pro)H'r  quantity  of  nitric  aci<l ; 
*W  this  was  poured  gently  a  xtratum  of  wntcr,  and  the  alco- 
M  was  poured  over  all.  Thus  there  were  tlirec  strau  of 
Squid*  in  the  veiwel :  tlie  acid  lowermost,  and  tlic  alcohol  upper- 
Boit,  separated  ^in  each  other  by  the  water.  The  acid  and 
*k>tM)l  gradually  coinbint-d  with  tlie  water,  and  coming  into 

E acted  on  each  other  without  violence ;  and  lltiu  tbe 
IS  farmed  without  rbk. 
e  baa  given  another  process  for  obtidning  altric  etber 
•-1 
i 


*-8|ibtolii  MnUft  8|uriiuin  Viiu  una  Acido. 

f  Hon.  Pit.  17^4.  t  !>>•«■  >le  Niiro,  ll-W. 
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excei^lingly  tedioiia,  but  not  attcndcil  wiUi  any  ritik.  Tli«l 
alcohol  is  put  into  a  tubulated  retort,  to  which  u  lar^o  r«C(>iv4>x 
I«  luted ;  ('gth  part  of  nitric  acid  U  to  be  added  every  four  htture, 
drop  by  drop,  till  it  umounts  u»  about  lialf  the  weight  of  alco-. 
Lot  i  ilien  the  mixture  becomes  hot,  iuid  tlie  ether  pasnea  over 
into  tlii*  receiver.  After  this  a  little  mure  nitric  arid  b  to  be 
lidded  every  morniiig  and  evening.  Ether  ffTiuIiislly  (utmn  oo 
ito  tiur&ce.  The  aci<l  is  to  be  added  till  it  hUs  dowti  tu 
bottom  of  tlic  retort  in  the  fonn  of  ^reen  fi^lobules,  indicad 
the  j>errect  Baturation  of  the  acid  with  tiitroiia  gas.  This  b  a 
proof  that  no  more  ether  will  be  formed 

Various  other  metbods  of  preparing  nitrous  ether  have  l»ccn 
proposed  by  chomists, «» the  distillation  of  a  mixture  of  sulphuric 
Acid,  nitre,  alcohol,  &c.  Hut  the  procetw  preferred  by  arlasta 
is  that  of  Chaptal  as  corrected  by  Proust.  A  large  retort  m 
luted  to  a  glass  globular  vessel  funttshed  with  a  tube  of  safety* 
From  this  glol>c  a  lube  passes  to  a  seooiid,  likewise  furnished 
with  a  tube  of  safety ;  and  to  this  last  vessel  b  connected  lliree 
Woolfe's  bottles  in  tlie  usual  way,  which  must  be  luilf  full  of 
alcohol.  A  mixture  of  3'2  parts  of  alcohol  and  24  of  acid,  of 
the  specific  gravity  I '3,  is  put  into  the  retort.  n>e  heat  of  a 
cbafiing  di&h  ia  applied,  and  removed  as  soon  a»  tlie  eflerre** 
oenoe  begins.  The  greatest  part  of  the  ether  b  detained  by 
lliealoDhol  in  the  linit  Woolfi^'s  bottle.  This  mixture  is  to  b« 
«ator«teiI  willi  an  alkali,  and  the  ether  separated  by  distillation." 

These  processes  are  all  of  thom  so  defective  and  complicated, 
tluil  little  precise  knowledge  was  acquired  of  nilric  ether,  till 
'llienartl  undertook  an  investigation  of  it  in  1807.  HedisiilU-d 
a  mixture  of  alcohol  and  nitric  aeid,  and  rarvfully  collected  aiid 
examined  all  the  ])rudueti«  both  liquid  and  gaseous.  A  cod- 
aidemble  part  of  the  etJier  formed  he  found  made  its  en-ape  in 
the  gaseous  form,  while  the  litpiid  in  the  receiver,  hitlierto  con- 
sidered nitric  ether,  was  a  mixture  of  alcolml,  water,  etWr, 
nitroux,  and  acetic  acids.  These  results  led  him  to  tlie  follow- 
ing method  of  procuring  pure  nitric  ether: 


I 


1^^ 


"  Promt,  Ann.  Je  Cliim.  xlii.  S(i2. — BruBimlelli  has  propoied  the  folli 
tnfi;  nipihod  :  but  I  lliid  that  the  proportion  orclhcr  obinincd  by  rl  a  nmi 
•miiUcr  thnn  the  other  procckir*,  though  BruKiintcUi  nffinns  the  revsm 
Put  ui  ounrtofiuptr  into  n  retort,  nnd  pour  orer  ittwoouocciofBlooboL 
I.iit«  to  it  n  Jargf  rrceiver  \kiih  ulipa  of  paper,  unJ  then  iidd  (^eouncaoT 
nilric  aclij.  The  uigur  Is  diatolTcd,  the  minture  boils,  and  (he  ether  pxin 
ovwpure.eijuBl  inwirighl  to  ihcnlcohnl.  See  Jotir.dr  Clitm.  iiies.  Pw- 
hup*  my  want  of  complete  (ucrcx*  wu  oning  tu  the  uk  of  n  *tn>nger  tcid 
than  that  employed  by  Briignatelli. 


Equal  woiglits  of  idcohot  ami  nitric  aci<l,  of  the  specific  gravity  »•"■  ^■ 
1  i?d3,  were  ]iut  into  a  retorL  To  the  beak  of  tb«  retort  was  ,„nti«i«i" 
liK«d  n  glum  tiilie,  wliich  wa«  jilungetl  co  the  bottom  of  a  long 
nnrow  gliiw  J«r  half  filled  willi  a  saturated  solution  of  common 
ailt  ill  water.  From  the  top  of  thi»  jjir  jmssinI  anotlier  tube, 
«kicli  went  to  the  bottom  of  another  ttimilar  jiir,  likewise  liulf 
filM  with  a  solution  of  common  suit.  In  this  manner  five 
nailiir  jars  were  connected  with  each  other,  eaeli  half  filled  with 
■  atUinited  milntion  of  eominon  mU.  l-'roni  tlie  last  a  tube 
{Mwd  to  u  WBter  trougli  to  receive  tlie  gaiieotiA  productii  in 
paper  Jnn.  Ench  of  these  five  jars  wus  stirroiiiidiHl  witit  a 
aixture  of  snow  and  salt  to  keep  it  as  cool  t»  poiwiifle.  A 
BMienite  beat  beingapptied  to  the  retort  a  violent  effen'escence 
btgan.  It  was  found  tiece«<nry  to  withdraw  the  fire,  and  even 
to  noisten  the  oiit«i<le  of  the  rvtort  wttJi  water,  in  order  to  pte- 
nmt  the  vessels  Grom  bursting.  The  guseous  matter  evolved 
m  thus  forced  to  pass  through  the  diiTcrent  jars  continuing  ttie 
Mtnraon  salt  solution,  and  there  it  deposited  the  greatest  port 
rf  it«  ether.  The  ether  was  found  floating  on  tlie  surface  of 
tht  Mlutions  in  each,  but  the  greatest  part  of  it  in  the  first  jar. 
It  wu  nepanted ;  and  to  free  it  fr<nn  the  nitrous  and  acctie 
adds  wit))  which  it  was  o&nlanitnated,  it  was  agitated  in  »  close 
pbU  with  a  sufficient  quantity  of  chalk,  till  it  ceased  to  pro- 
duce any  eluuige  on  vegetable  bluea.  It  was  tlien  decunted  otT. 
Hk  properties  of  this  ether  are  iw  follows : 

It  haa  a  slightly  yellow  colour,  and  a  very  strong  ethereal  Pnvaia. 
i  tdonr.     Its  taste  is  strong  and  quite  peculiar.     It  is  nitlier 

■vitr  than  alcohol,  but  much  more  volatile  than  sulphuric 
tllier>  HciKt^  it  only  moiislens  bodJCK  for  a  moment,  and  pro- 
duees  a  ver)'  considerable  degree  of  cold  by  its  evaporation. 
The  beat  of  the  liaiid  is  sufficient  to  set  it  a  bailing. 

The  Kpecific  gravity  of  its  vapour,  as  determined  by  Duman 
ud  Boultay,  is  '2-(ti7.  that  of  air  being  reckoned  unity.* 

It  is  lighter  than  waier,  ami  requires  48  parts  of  th»t  liquid 
to  dJMolve  it,  and  communicates  to  it  an  odour  like  tliat  of 
Ipples.  It  dissolves  in  aluohul  in  every  proportion.  It  burns 
tery  brilliantly  with  a  white  tl;une  like  sulphuric  ellier.  When 
kept  for  some  time,  both  nitrous  and  acetic  ucids  are  formed  in 
IL  The  same  acids  are  evolved  if  tlie  ether  is  hented,  or  if  it 
he  agitated  witli  water.  When  brought  in  contact  with  a  little 
of  these  adds,  it  iikstantly  absorbs  them,  and  acquires  the  pro- 
perty of  converting  vegetable  blues  into  red. 

■  Ann.  dc  Chicn.  ot  de  Ph^s.  uuvU.  31. 
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;^chi^tiL  When  broiij^bt  in  contact  with  dculoxido  of  azote, 
otiier  ga*,  at  tlic  tompomture  of  70°,  it  instaiKly  qiiintu] 
bulk,  being  cnnverb-d  into  ra|>uur.  At  iluit  leinjHTat 
vupoiir  is  capable  of  supportinfr  u  column  of  invrciiry 
incites  high.  At  tlie  tcmpcratHrc  of  70%  nnd  when  tlK 
meter  Htantbt  m  QO  inches,  it  is  liquid :  but  if  we  increi 
;1ieat  or  diminixh  the  pressure,  it  asHumc^  the  state  of  v 
It  is  much  more  4'lai'tic  i}iaii  sulphuric  eiber.  At  tin-  tei 
hire  of  70°,  tlic  vapour  of  sulphuric  oiIht  is  t«[iiiiblc  ( 
tnining  a  column  of  mcrniry  only  16  inches  bigb. 

It  viw  subjected  to  a  careful  anulysix  by  Tbenurd,  by  p 
it  through  a  red-hot  porcelain  tube,  nnd  exiunining  th 
BuhHtaiiceA  evolved.  They  were  water,  carbonic  ncid,  du 
oil,  hikI  a  considerable  quantity  of  pis  which  contained 
and  nitrous  gtis,  and  a  heavy  inflammable  air,  which  <leb 
with  oxygen,  and  yielded  curbaiiic  acid  and  water.  ^ 
ammonia  appeared  alj>o  to  li»vo  been  pnxlucni.  By  eatil 
4he  weight  of  each  of  tlicMc  eubstance»  and  tbeir  consdl 
lienard  concluded,  that  100  ]>iirt»  of  nitric  ether  wai 
pomcd  of 

48*53  oxygen 

28-43  carbon 

14-49  iiy.ote 
■1"^  fr54  hydrogen 


lOO'OO' 

In  182B  it  was  subjected  to  a  new  minlyMis  by 

and  Biiullny,  by  |m4^tig  it  through  red-hot  bhickoxidec 

per,  am)  collecting  tlie  azotic  gas,  carbonic  acid  gas,  and 

ivvA,  un<l  estimating  tin-  oxygen  hy  subtracting  the 

weight  from  abstraction  of  oxygen  from  tin;  black  oxid< 

the  oxygen  in  the  carbonic  ucid  and  water  formed.     Tlic 

of  four  different  un^lyMcs  nuule  in  this  w-ay  witli  great  can 

the  constituents  of  the  ether  as  follows :  .> 

Carbon  .         .  32-69 

Azote  .         .  tS-00 

t  Hydrogen         .         .  6-83 

Oxygen  .         .  41-46 


lOO-OOf 
'Now  these  respective  weights  are  proportional  to 


•  Mem.  a'Artuail,  1.  380.        f  Ann.  ilc  Chim.  oi  dc  Phju.  sxxfjj 
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4-02  nUHiM  c»H>on, 
I       atom  luotv, 
5*06  atoms  hydrogen, 
3*33  Atoms  osyg;eii, 
ive  no  hesitation,  diereforc,  in  convtkring  the  con* 

4  atoms  cartmii, 
A  atonic  hydrogen, 
1  atom  juu>t«, 
4  atoms  oxy^n. 
Now  these  are  equivalent  to 


I 


iitom  u-tairto^rbo-bydropen  S  ]  *""^'  f '[*"' 

'      "      J  4  atoms  hydrogen, 

Utomwat«r  .         .  T  1  atom  hydrogen, 

(_  1  atom  oxygen  . 

I  atom  hyponitrous  acid  S  \  »**^  '^'«' 

(_  y  atoms  oxygen. 

B«l  lutpburic  ether  b  a  com|>oiuid  of  I  atom  tetarto-carbo- 

bfdragen  ukI  one  atom  of  wiUer.     We  may,  dierefore,  oon- 

fUiT  nilrk  ether  an  a  compound  of 

I  ulom  sulphuric  ether, 

1  atom  bypoiiitrous  add. 

I*  atomic  weight,  tlierefore,  must  be  8-25. 

Let  IB  see  how  nearly  tlie  Rpecific  grarity  of  the  vapour  of 

JtaBLSther  tallys  witli  this  view  of  m  constitution.     We 

'WINhi  that  this  specific  gravity  was  found  to  be  2-627.  4 

I  roL  sulphuric  ether  vapour         .         .         2*5694 

1  roL  hyponitrous  vapour  .         2-6388* 

2)5-20813 


2-60415 
urn  eon*ider  it  as  a  compound  of  1  rolume'of  sulphuric  ether 
*>{*oar,  attd  I  voliune  of  hyixtiiitrotui  acid  vapour  combined 
^ptlier  without  any  condensation  of  volume  mhatevcr,  tlic 
^tific  gravity  of  it»  vapour  would  be  2-60415,  for  that  is  the 
■<M  tfetween  the  specific  gravity  of  sulphuric  ether  vapour 
Withat  of  byponitrous  acid  i-apour.  Kow  2*60415  differs  from 
'^i  the  specific  gravity  as  determined  by  Dumas  and  CouUay 
"T  Ins  than  one  per  cent  There  seems,  therefore,  no  reason 
^  i^Milate  about  the  view  of  the  conittitution  of  tliis  ether  first 

*Ot«ui»cd  bj  muliipljing  4*75  (ihcntomk  wdgbt  ofb]r|Mimin>iu  acid 
ir.  Y 
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''''*^"'-  siiggoHted  by  lUese  chemists;  namely,  that  it  is u  compound  < 
sn  atom  of  sulphuric  vtlicr,  with  »n  atom  of  hyponitrous  aci<). 


nuofT- 


FbrnuUun. 


PnfwiM, 


7.  Ostiiif  EtMer. 

This  etliM  wjut  first  noticed  hy  Bcr^an,*aiid  afHrwatdB  l>y 
Thciiurdf  anil  Bauhof,];  More  iaU^ly  it  luw  been  acciintlely 
pxamiiiod  luid  analysed  by  l)iimn.«  tind  Boiillny.§ 

The  process  of  Dnmew  iinil  Honllay,  by  wliich  they  procured 
this  ether  readily  mid  in  ubiindaiic«>,  wait  us  follows :  A  mixture 
of  1  part  alcohol,  1  part  binoxidatc  of  potasb,  and  2  parts  of 
sulphuric  acid,  was  distilled.  There  came  over  Rntt  alcohol, 
then  sulphimc  ether,  aiid  at  hsi  aii  uleaj^inous  liquid,  which 
collected  at  the  bottom  nf  the  receiver,  Tlic  distillation  may 
be  continued  till  nil  the  alcoliol  ]i-m  been  driven  out  of  tho 
retort.  The  last  portioiw  are  ri(.•he^fl  in  oxalic  ether.  The 
oleaginou'f  liquid  i*  the  utie  which  contains  lliat  liquid.  The 
alcohol  floating  on  its  Hurfuce  was  removed  by  deca»tation,  and 
the  oily  liquid  was  poured  intoa  tall  jarcoiinunliigwaler.  At 
first  the  oily  liquid  floated  on  the  surface,  but  in  profwrlJoti  as 
the  sulphuric  etiier  whidi  tt-as  mixed  with  It  oTiponited,  it  fell 
in  lar^c  drops  to  the  bottom  of  th«  vcnel.  If  wc  pour  the  alco- 
holic liquid  into  the  retort,  i>r  add  a  new  dose  of  alcohol,  more 
oxalic  ether  will  come  over.  A  third  dose  of  alcohol  will  still 
yield  it,  but  in  lests  quantity. 

T)ie  oxalic  ether  tlius  obtained  was  add,  and  it  couLtlned 
water,  alcohol,  and  sul|)huric  ether.  To  purify  it  it  wil^  boiled 
with  powdered  litliar^e,  uiul  the  boiling  wns  continued  till  the 
boiling  point,  which  wa»  at  first  1 94'.  rose  as  high  as  ^ii".  By 
continuing  tliis  heat  the  whole  water,  ateohol,  and  sulphurio 
etlier,  evaporated,  while  the  itncombined  add  united  witli  tlie 
litliarge  and  was  removed.  The  oxalic  ether  wmt  now  poured 
Into  a  dry  retort  and  distilled  over. 

Its  jiropertJes,  when  thus  purified,  arc  as  follows :  It  t«  an 
oleaginou!)  liquid  having  a  i<rpedfic  gravity  of  1-0929  at  the 
temperature  of  45*'-5.  It  boils  at  363°.  Its  smell  is  an>> 
natlc,  but  hus  something  analogous  to  that  of  girlie  or  nho** 
phorus. 

The  specific  gravity  of  the  vapour  of  oxalic  ether,  as  deter- 
mined by  Dumas  and  Boulhiy,  is  5'087,  that  of  air  bcliy 
reckoned  unity. 

•  Opuiculo,  i.  SM.  +  Mem.  JArcu^,  iL  1 1. 

I  Srhwelgger'B  Jour.  xi\.  3(W. 

S  Ann.  dc  Cbiin.  ct  dc  !%)-«.  xxxvU,  SI. 
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^^^H  OXALIC  etheh.  8n 

^rnnB  analyze*)  a  gtfiAt  ntimber  of  tiine«  by  DtimaS  and     ***■  >"■ 

Boullay,  by  tW  wmo  procen  <u  they  followed  in  the  Biialyiiia 
Bp(  nitrotu  other,     Tlie  results  were  its  followB : 
■  Iton. 

I     Carbon  4U-6 1     .     .     48-D5     .  .     49*28     cii<biwiii«i. 

Oxygen        .         .         49-77     .     .     .14-09     .  .     *J-93 

Hydrogen    .  6-62     .     .       6-96     .  .       6-79 

■  lonoo  100-00  lOo-no  fl 

K  TVtse  DUtnbeni  ut  proportionahte  to  ^M 

I  5*984  ntoms  carbon,  ^| 

^^^^^B  4         atoma  oxygen,  H 

H|P^P  4-d4    atoms  hydrogen.  H 

FnGobr^atu  firom  tliis  tliat  the  true  coniititucnt«  must  be  H 

H  6  atom<<  carbon,  ^M 

I  4  atom.t  oxygett,  H 

I  5  &tom<<  hydrogen. 

Domu  and  Boullay  showed  tliat  oxalic  acid  exists  as  a  conitti- 
lOMt  of  thifl  ether  by  actiuJly  separating  it     Now,  an  atom  of 
*alic  add  is  ooinposed  of 
I  S  atonra  carbon, 

■  9  alomti  oxygen. 

P    If  *e  subtract  these  ntonu  from  the  oonslituenta  of  oxolk  etiier, 
Afre  remain 

4  atoms  carbon, 

5  atoms  hydrogen, 
1  atom  oxygen. 

Sur,  these  are  the  vtTy  constituents  of  sulphuric  ether,  which, 
"■*  have  seen  before,  may  be  resolved  into 

I  atom  water        .        .  ?  1  »**»  h^&^"> 

(_  I  atom  oxygen. 

I  atom  tetarto-caibo-Iivdroiren  J  '  '  ,    *     ' 

■*  J  4  atoms  carbon. 

An  it  appears  that  an  integrant  particle  of  oxalic  ether  is  a 

Mnpound  of  1  atom  of  oxalic  acid  and  one  atom  of  sulphuric 

tW,  so  tliat  its  atomic  weight  i«  9-125, 

Let  ufl  see  how  this  constitution  ivill  agree  with  the  specific 

pwitjr  of  Uie  vapour  of  oxaltc  ctlicr  as  determined  by  Duma» 

"•iBoollay.    Tlie  rfadcrwill  recollect  tliat  it  is  5'0$7.     Now, 

•^  ^tciHc  gmvily  of  Nulphuric  cllicr  rapour  i«  2-6694,  and 

••t  if  oxalic  acid  vapour  must  be  2'5,*     We  have  therefore 


*  Ubtaiaed  by  mullijJying  its  sconiio  wcaght  by  (H&&S- 
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1  Toldme  of  sulphuric  etber  . 
I  volume  of  oxalic  acid  vapour 


a'5694 
2-5 


5-0694 
.'i'0fi!>4  agrees  so  nearly  with  n'087,  the  experimental  result, 
that  there  scema  no  reuson  to  iloubt  tiiut  tlii.s  ellier  in  die  fttate  | 
of  vapour  b  a  compound  of  I  volume  of  sulphuric  etfacr  and  I 
volume  of  oxalic  acid  vapour,  condensed  into  I  volume. 
Ansi/iii.  Dunia.'i  iind  Itoullay  analy/.cd  this  rthcr  by  mcuns  of  pota»li> 

7-348  parts  of  oxalic  ether  left  for  24  hours  m  contact  with  a 
strong  solution  of  cinistic  pola^li  were  coinpleiety  decomposed- 
It  was  now  introduced  into  u  retort  contiiiniiij;  dry  CKbonateof 
potash,  and  diBtille<l  1 8'277  parts  of  a  liquid  were  obtained  of 
the  specific  gravity  0-970  at  50°.  So  that  it  containctl  0-'2b  of 
ahsolute  nlcohol.  IIcucc  100  parts  of  oxalic  ether  yielded 
62-18  parts  of  absolute  ukoliol.  From  the  same  qtuinlitj'  ofj 
the  ether  4898  parts  of  oxalic  acid  were  obtained.  Thus  the  I 
constituents  from  tliis  mode  of  analysis  were  (supposing  looj 
parts  of  oxalic  ether) 

Oxniic  acid        .         .         48-98 
Alcohol     .         .         .         62-18 


11116 


It  may  at  first  sight  seem  enigmatJcd  thai  the  weight  of  Ot« 
conslituentjt  should  exceed  that  of  the  ether  by  II  - 1  (E  per  cenL 
llii-  rciL'^on  is,  tliat  the  snlphuric  ether  in  the  oxalic  ether 
became  alcohol  during  tlie  decomposition.  The  sulphuric  etlier 
in  100  parts  of  oxalic  ether  was  51-02.  Now  51-02  prw  of 
Bidphuric  ether  if  converted  into  alcohol  would  become  alxnit 
60  part^  which  come;^  very  nearly  to  the  quanlity  of  ulcoliol 
obtained  in  the  experiment  of  Dumas  and  Boulluy  above 
detailed. 

W'heii  a  current  of  smmoniacul  gas  was  passed  through 
I  oxalic  ether  it  underwent  decomposition,  but  in  a  way  very 
different  from  what  was  expected.  One-half  of  tJie  tetaurt<H 
car  bo-hydrogen  of  the  t«ulpliuric  elfaer  entered  into  combituUton 
willi  the  oxalic  acid,  and  formed  a  new  acid,  similar  in  ite  iiatore 
to  tlie  aulphovinic  acid,  and  which  tliercfore  may  b«  called 
oxaiovinie  ocirf.  This  new  acid  pOKsesscs  a  saturstiiig  power 
only  half  a<<  great  ns  (Iiat  of  oxalic  aciiL  It  was  saturated  with 
amraonia.  IIenc4>  the  oxalovinalc  of  anunoniu  formed  was  a 
compound  of 
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Oxalo>-tnic  acid         .         .         12-5      or  two  stoma,  sm.  tv. 

Amtnonia  ■         .         >  2*125  or  oiic  atom. 

yrht  oth«r  half  of  (he  lecarto-cartio-tiydro^cii  ri-cluccil  to  the 
TrUc  ofolefiaiit  gas  imite<1  tn  atk  ati>m  of  mtiIit  iind  i-wii.tiitiit^Hl 
alcohol,  wliidi  vs»  (.-uxily  HO|iurnti'd  by  distil latioit,  wid  ito  quan- 
tity drU'nninrd.  100  juarls  of  oxalic  ether  treated  in  this  way 
f»«  out  ai'48  parts  of  aJcoliol,  which  U  only  the  half  of  the 
^pulity  furnished  by  it  when  it  b  decoinpDited  by  potash.' 

e.  Jcetic  EOuT. 
Hila  ether  w-a*  diiwovercd  by  thtr  Count  de  Lauraguniti  in  mtiry. 
l*59.f     He  (Stained  it  by  distiting  a  mixture  of  acetic  acid 
nd  ilcobtd,  with  tJie  tuune  jirecautions  as  are  employed  in  the 
^illiilion  of  )iul])hurtc  ether. 

'ITie  ])rDc««t,  118  i-orn-cted  by  Pellclier,  is  as  follows :    Mix  rifxtika. 
to^Wr  in  a  retort  equal  quantities  of  concentrated  acetic  add 
ind  tlooliol,  and  distil  over  tlie  alcoliol.     Pour  it  back  into 
^r  retort,  and  diHlil  n  second  time.     What  cumeK  ovi-r  luiut 
bt  (mired  back  a  second  time,  and  subjected  to  a  third  ditttilhw 
Don.    'I'he  product  of  this  third  di^tilhition  is  a.  mixture  of 
Wtie  acid  and  etlier.     Siiturate  the  acid  with  potjuli,  and  dis- 
til »ril]i  a  moderate  heat.     Aectie  ether  comes  over  purt'.J 
Surliolz  has  given  aiioUier  process,  which  is  much  morv  ecoi/o- 
loicaL     Put  into  a  retort  16  parts  of  acetate  of  lead,  G  parts  of 
Hrang  sulphuric  acid,  and  0  parTA  of  idcohol.     Distil  over  10 
pirtk     A^tate  tliU  liquid  tvilh  a  lliird  of  its  bulk  of  liine-wutur, 
itui  decant-off  the  ether,  whidi  will  swiin  on  the  Hurlocc.     It 
DMtally  umounlH  to  H  pnrtt.^ 

Schct-le  eould  not  succeed  in  obtaining  ether  by  Lauraguaiii' 
procesfl ;  most  likely  bmnusv  he  ueglected  to  return  the  dintilled 
Uqoiil  a  suHieient  number  of  timcii  into  the  retort,  llut  be 
neovereil  another,  by  wliich  it  may  be  obtained  without  dilli- 
culty.  Nothing  more  is  necessary  tlian  to  add  a  little  isulpliuric 
acid  to  tJie  mixture;  or  acetic  ether  may  be  ubutined  by  dis- 
■olving  one  [mrl  of  acetutti  of  putjLsli  in  three  parts  uleobol, 
adding  more  sulphuric  ac-td  tlian  is  sufficient  to  satumtc  the 
■h,  and  then  distilliiig.jl 
Sdmlx,  an  apotliecar}'  at  Kiel,  repealed  the  experiments  of 
liccltf,   and  fouiut  die'm  accurate.     His  «x|ieriiuviits  wcrv 

Sm  Ounias  and  ilouDajr]  Anu.  de  Chini,  et  Je  l'b}'>.  sxx«iL  Vlj  30, 

t  Jour,  dt-  Aa.\.  17^0,  p.  3S4.  I  Jour,  ilc  I'liyH.  xxiiiL  t41. 

}  Jour,  lie  L'hJm.  iit.  ti*.  |  ikliMlc,  ii.  1 17. 
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ckH>ui.  repcatcdbyCTvlilenatiilLivbtcnborgwitlitbcsaincrMulL  Tliejr 
affirm  that  pure  accdc  acid  does  not  fonn  «ther  witli  utcohol, 
but  that  etbor  is  foriDed  if  there  be  present  the  iniaUcst  quan- 
tity of  aiiy  other  aciil.*  'i'he  subject  has  been  lately  examuwd' 
by  HcnryT  und  liy  'rhciiard,}  both  of  whom  hiivc  «l>owu  iu  tlie 
most  BUtiitfiictory  muiincr  that  acetic  ucid  iuid  ftlcohol  yivkl  ui 
ether  by  the  procMui  of  Laurnguats  aiid  IVUtitier. 

Tlieiiard  employed  nearly  equal  weights  of  n  very  strong 
■cid  and  alcohol  of  the  specUic  gravitj'  0'8036,  and  repeated 
the  distillation  12  times.  No  gas  of  any  kind  was  crolrcd 
duriufr  the  proceiis.  He  ilicii  mixed  the  whole  together,  and 
«ndc«vourc'd  to  nciitr;Lli/f  the  acetic  aci<i  by  potaslt.  The  neu- 
trallization  Muccocded  but  imperfectly ;  ubundance  of  cryttala  of 
acetate  of  potash  precipitated.  Ry  a  cautious  cLiittilhitioD  lli« 
acetic  ether  came  over  iu  tlie  first  place,  mid  uftcnvunln  u  ]>or> 
tion  of  alcohol,  holding  a  little  ether  and  acetic  acid  in  »olution.l 
By  a  subsequent  distillation  off  acetate  of  potash,  the  acctie 
ether  was  obtained  perfectly  pure.  During  the  formation  of 
tliia  etber,  a  quantity  of  acid  as  well  aa  of  alcohol  dUappear: 
both  of  course  euter  uito  the  compoettiou  of  die  etber,  or  at 
least  their  caiutituonta  cuter. 

Dumas  and   BouUay,  who  examined  this  ctlier  in   1 
formed  it  by  distilling  lA  times  a  mixture  of  equal  weight* 
concentrated  acetic  acid  and  alcohol,  pouting  back  the  liquid 
into  th(!  retort  after  each  diMtiUution.     The  ether  thus  obtained 
was  mixed  with  alcoliol,  from  which  tliey  freed  it  liy  w^iuig 
it  with  water.     No  fewer  than  15  waBhiiigs  were  required. 
These  »o  reduced  the  quantity  of  the  ether  that  enough  was  nol 
left  to  enable  tliem  to  determine  its  specific  giavitj'. 
rnvndn-  Acedc  ether  is  limpid  and  colourlvts :  it  bus  an  agreeoblfl 

odour  of  ether  and  acetic  acid.  It  does  not  redden  vegetable 
blues.  It  hajt  a  peculiar  lu»te  different  from  that  of  all  other 
BubHturices,  und  bearing  no  resemblance  to  tbat  of  alcohol.  I(a  M 
specific  gravity,  at  the  tem]>eraturc  of  44"!,  is  0-666,  as  deter-  ■ 
mined  by  Tlienard ;  and  0-882,  at  llic  temperature  of  64",  at 
dett-nnined  by  Oelilen.  Nu  doubt  weight  in  the  case  of  this 
ether  vi  a  teiit  of  purity ;  we  may  therefore  consider  Gehlcn'i 
estimate  us  iienrcM  the  truth.  Its  boiling  point,  as  determined 
by  Dumiis  and  Buulluy,  is  165°.  TIic  specific  gravity  of  it« 
v»]>iiur  is  ;J-067.  It  bums  with  a  yellowish- white  flame,  and 
acetic  acid  is  developed  during  it«  combustiou.     It  does  not 


•  Ann.  dc  Chim.  Mt.  IH.    f  Uiid.  Ivuj.  IM.    )  Mem.  iTAraieil,). 
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undergo  nny  duui^  by  keeping.     At  the  u-mpemture  of  62° 

it  requlrc-s  Piar«  Uiaji  wwti  tinted  ite  weight  of  water  to  di»* 

•olve  iL 

Tltou^  allowed  to  retnuin  in  eontuct  with  water,  or  dUiolvcd 

in  it,  DO  cJmnge  tuknt  plnco,  but  wlien  left  ia  contact  with 
taiutic  potash,  acetic  urid  in  ^duall)-  evolved,  which  tatunilos 
the  aikiili.  If  it  lie  disiilted  ia  tliis  state,  ulcohol  comes  over 
Terytnudidiluletlwitb  water.  NogaseotLcnuittcrisdiseugaged. 
It  WW  niuily/cd  by  Duinaa  aiid  Iloulluy  iti  the  same  wayaa 
ritrons  aod  oxalic  vthent.  They  obtained  the  following  oon- 
ttitueuls: 


i.nr.  1 


Carhon 
Oxyi^en     . 
Hydrogen 


I. 

36-42J> 
8-766 


& 

sa-00 

6-60 


6-78 


CsnpoiltMLl 


lOO-OOO  1 00-00  loo-oo* 

Tlofte  weif^ts  are  equivalent  to  the  following  atomic  coiisti- 
tunts: 

7-74  atoroi  carbon, 

4       atoms  oxygen* 

7'4'i  atoms  hy<lro^n, 
Thete  oome  mAcieotly  near 

6  utoui«  carbooi 
4  ntoms  oxygen, 

7  atoms  hydrogen, 

ta  Imvc  do  doubt  that  those  atomn  represent  the  true  constitu- 
lion  of  the  ctlier. 
But  I  have  isliown  formerly  that  acetic  acid  in  a  compound  of 

3  atoms  hydrogen, 

4  Atomfl  carbon, 

3  atoms  oxygciu 
cl  these  atoms  from  tlic  numbers  in  the  preceding 

En-ill  ri-iuain 

5  atoms  hydrogcii, 

4  atoitM  eurhon, 
I  alum  uxygi^n. 

'  Now,  it  ha«  been  already  thowti  that  tlie^c  are  tJie  consUtueiits 
\  of  sulphuric  ether,  llius  it  appears  that  acetic  ether,  like  tbv 
I  two  preceding,  is  a  compound  of  mi  integrant  particle  of  acetic 
I  acid  and  an  intt-graul  jmrlicle  of  sulphuric  ether,  liit  atomic 
weight,  therefore,')*  IO-i^75. 

*  Ana.  lie  Cliiin.  <4  da  Phyi-  xxxriL  ST. 
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V  chtp-iiL        Let  us  see  how  well  the  specific  gravity  of  iu  i-npour  wi 
~  CfliTifsjiond  with  this  coiiHtittition.     'lliis  was  dclcrmined  by 

t  Dumas  and  noullay  to  be  3-067. 

1  volume  )>ul[>huric  ether 
1  volume  acetic  acid  vapour 


Now 


S-5694 
3-472-i 


OMn. 


Pnpuitfnit 


Fn^mk*. 


2  16-0416 


3H)'i08 

If  we  coniuder  it  as  a  compound  of  1  voliunc  of  sulphuric  ether 
Olid  1  volumcof  iicctic  aciiivnpour  unitod  togoihor  without  any 
diminution  of  volume,  ihe  specific  gravity  will  he  3l)1i08.  Thi< 
conies  witliin  one  per  cent,  of  the  dvterminntioti  of  l>uniafi  and 
BouUay,  and  may  tlierefore  be  eonsidcretl  w  •i^eeing'  wilh  it. 
There  seems  therefore  no  reasonable  doubt  that  llie  constitution 
of  tliiii  ether  agrees  with  tliat  of  tlie  tn'o  last,  namely,  that  it  it 
a  cotnpOHnd  of  I  atom  acetic  acid  with  1  atom  of  Mulphuric  ether. 


I 
I 


9.  Benzoic  ElAtr. 

This  ether  was  discovered  by  Scheelc."  It  was  afterwErds 
slightly  examined  by  Thenard,-|-  and  more  particularly  by 
Dumas  and  It«u]]iiy4 

The  process  of  Seheele,  as  modified  by  Thcnard,  ts  the  one 
which  K  luuully  followed.  It  contusta  in  distilling  a  mixture 
of  4  [Hirff  of  alcohol,  2  [Kirtn  «f  benzoic  acid,  and  I  part  of 
miiriiitic  acid,  till  hulf  the  liquid  hiti<i  piime<l  over.  It  is  then 
poured  hack,  and  the  process  repeated,  'litis  distillation  >i 
renewed  two  or  three  times.  71ie  grentest  jKirt  of  the  ether 
exists  in  the  liquid  remaining  in  the  retort.  It  is  separated 
by  means  of  n'ater,  and  two  or  three  M-asKings  deprive  it  of  the 
greatest  part  of  its  exci:c»  of  acid.  If  we  boil  it  on  powdered 
litharge  till  the  boiling  point  become  fixed,  and  till  all  the 
excess  of  acid  which  it  contains  is  MUtiinited,  and  afterwords 
distil  it  over  with  caution,  we  obtain  it  in  u  slate  of  purity. 

Thus  prepared,  it  is  a  colourless  oily-looking  fluid.  It  his 
a  weak  »mell,  somewhat  like  that  of  benzoic  acid.  Its  taste  is 
pungent;  its  dpccific  gravity  at  51°  is  1-0539,  and  its  boiling 
point  is  408^  as  determined  by  Dumas  and  Boullay.  The  ■ 
specific  gravity  of  its  vapour,  acc'ordiiig  to  tlie  same  chemists, 
is  5-40D.     It  was  subjected  to  analysis  by  (hem  in  the  same 


*  Opiiirula,  ii.  1  M.  f  Mein.  (TArcudl,  3.  8. 
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way  as  the  threo  preceding  clhore.     They  obtained  the  follow-     *"'-"^- 
iiig  as  it*  constituenti :  b»— — . 

hCaibou      .  .         73-82  a«p-twi. 

Oxygen  .  .  .  19-10 
Hydrogen  .        .  7-87 

100-29 
T\vw  these  weights  of  these  elements  represent  the  followring 
ttrats  of  each : 

90*46  atoms  carboD, 
4         atoms  oxygeit) 
13-2    atoniH  liytirngeu. 
Bui  tf  we  were  to  consider  benzoie  ether  as  a  compound  of 
1 9  atoms  earbon, 
i  atoms  oxyffcn, 
I)  atoms'bydrogen, 
llini  the  wei^it  of  eacli  of  these  constituents  in  100  parts  of 
tbc  ether  would  be 

Carbon  .  .  .  72-62 
Oxygen  .  .  .  20*88 
Hydrogen  .         .  7-00 

^>m,  the  deviiition  of  thcst'  numbers  from  tliose  found  by 
"prriment,  is  not  greater  itian  fn-qucnily  occurs  in  such  ex- 
[oniDcnts.  The  anal<^  of  the  three  preceding  ethers  gives 
niBuch  prubabiliiy  to  these  numbers,  that  DumiH  and  Bnullay 
hit  ailopted  iheni  as  more  accurate  than  their  own.  Let  ua 
ft  vhat  the  confttilulion  of  benzoic  ether  will  be,  admitting  its 
■><«ic  oonstituetits  to  l>e  ns  above  statecL  It  lias  been  sbuwn 
">  I  preceding  part  of  th'w  volume  tliat  benzoic  acid  is  a  cum- 
ptmidof 

6  atoms  hydrogeit^ 
Id  atoms  carbon, 
3  auuns  oxygen. 
If  ire  itibtnct  these  atoms  from  the  preceding  table,  there  will 
RBun 

»4  atoms  carbon, 
&  atoms  hydrogen, 
1  atom  oxygen. 
Bit  tbese  ar«  the  comtituents  of  sulphuric  ether.     It  follows, 
Ibereforo,  that  lieiutoic  ether,  like  the  three  preceding,  is  a 
cviD|>ound  nf  I  iiilegniiit  particle  of  benxoic  ac-id,  and  1  iute^ 
rant  particle  of  sulphuric  ether.     Its  atomic  weight  then  is 
19G-25. 


aao 


NLUTKAL  COMrOUMDH. 


o^'"-        Lot  US  floc  how  the  specific  gravity  of  its  vapour  accords  with 
this  view  of  its  composition.    It  was  found  to  be  5'409.    Now  i 


BliwtT, 


rnr«tu*>. 


I  volume  sulphuric  ether 

1  volume  bcnsioic  acid  vupour 


2-6694 
8-9333 

9  1 10iN)27 


&-4513 

If  we  consider  it  as  a  compound  of  I  volume  of  sulphuric  ether 
vapour,  and  1  volume  of  benzoic  acid  vapour,  ututcd  togr tber 
without  diminution  of  volume,  tlic  »peoilic  gravity  n-ill  be 
5'45i3.  Now  this  dovs  not  dilTt-r  w  tuuch  a-t  one  per  cent 
fjrom  the  experimental  result  of  Diuiuis  and  Houllay.  Tbit 
ooincideucv  seems  to  leave  no  doubt  that  the  constitution 
benzoic  ethur  is  really  as  above  determined. 
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10.  Formic  EtAer. 

This  etlier  was  first  formed  by  Arvtdson  iu  I777i  but  only 
in  an  impun-  Ktntc.  Hueholx*  examined  it  anew  in  1782,  and 
t;elilcn-|-  prepared  it  in  a  state  of  greater  purity,  and  determined 
its  properties,  in  1812.  ^| 

It  was  obtained  by  Oelilen  by  the  foUowing  prooraa :  Equal 
weights  of  absolute  alcohol  and  roi ice n (rated  I'oniiic  uci<l  went 
distilW  in  a  retort  to  dryness.  The  product  wms  disUlU-d  a 
sceond  time ;  and  tlie  liquid  in  the  recvivvr  being  mixed  with 
a  weak  solution  of  jiotash,  tlie  formic  ether  separated,  amouul- 
ing  to  about  fuur-fifths  of  the  alecdiol  employe<l.  ^1 

This  ether  is  u  colourless  liquid,  which  has  a  strung  unell  of^ 
peach  hcrncis,  yet  Gelden  and  Hose  could  find  no  tnipc  of 
hydrocyanic  acid  in  it.  Oehlen  com]>iires  the  tasU-  ul!*>  to  tluit 
of  peach  kernels.  Its  specific  gravity,  as  iictcrinined  by  Oeh- 
len,  is  0-0137.  It  boils  when  heated  to  133°.  At  the  tem- 
perature of  73°  Uie  elasticity  of  its  \'Bi)our  is  capable  of  sup- 
porting a  column  of  mercur)'  8-74  inches  in  height  acconliiij^ 
to  the  determination  of  l>obereiner.t  It  bunw  with  a  bluiaih 
fUmc  iticlining  to  yellowisli  white.  At  the  temperature  oC^ 
65'  it  requires  !)  times  its  weight  of  water  to  dissolve  it,  U| 
dissolves  readily  in  alcohol,  and  is  separated  again  by  tlic  addi- 
tion of  wat«r. 

According  to  Doiiereiner,  it  contains  44-2  per  cent,  of  fotw 
mic  ellier.     Thouf^h  this  etlicr  lia»  not  yet  been  subjected  ta 

•  Crdl*!  Ncucntc!  Eniilcck,  vi.  ii.  f  Schwdgget^  Jour.  hr.  1^ 

I  Oilbcrt'i  Annulcn,  Uxiv.  41(1. 
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aMlyila,  Uiere  oui  be  litUv  doubt,  rrom  tlie  aimlof^y  of  Uic  four    *^  *'^-4 
preceding  clhvrit,  ihnt  it  in  a  rompouiid  of  1  tnten^it  purticle 
of  formiu  acid,  and  1  ititcgnuit  jwrticlft  of  sulpliuiic  ether. 

n.   Tartaric  Elher. 

This  ether  was  first  prepared  by  Solieele  ;*  it  wiu  examined  uiriair, 
uLh)  by  'llii-nard,  but  lie  did  uot  HUvcee<l  in  procuring  it  in  n 
«Ut4.'  of  purity,  t 

It  uiu  prepared  by  dislilling  a  mixture  of  6  partt  of  tartaric 
acid,  and  7  parts  of  absolute  alcohol,  and  S  paite  of  sulphuric 
aoid,  until  ether  began  to  be  fornied.  The  process  was  tlien 
ttopped :  on  eouling  it  n&iunieit  tlie  appearance  of  a  thick 
■ynip  from  whidt  water  didjiul  nejuirate  any  ether.  It  was  then 
mixed  with  potawb  :  much  biUirtruli^  of  )H>tiL'<li  fell  and  wa* 
•epantvd.  Th«  acid  uns  tlicn  exacll)'  saturated  with  potash, 
and  the  mixture  digested  in  cuIdalcohuL  The  alcoholic  liquid 
being  evapnrutL-d,  a  litjuid  wa*  obtained,  which  Thenard  oonsi- 
deriNi  lui  tartaric  etiier. 

It  bat  a  brown  colour  and  a  synipy  co»si»tence,  is  slightly  rmpntuih 
bitter  and  disagreeable.     It  luu  no  Hmclt,  and  conluius   no 
cxoeM  of  acid.     It  does  not  precipitate  tlie  sotution  of  chloridu 
of  calcium,  but  it  precipitates  chloride  of  buriuui.     It  dissotvca 
MMiily  both  in  water  and  alcohol. 

12.  Citric  Ether. 
ThU  ether  wai  al»o  firtt  made  by  licheele,^  and  since  his 

tirati  luw  beeii  examined  by  Thenard}  aloue. 

It  may  be  prepared  hy  a  process  simihir  to  that  wliieli  sue- 
[  cecda  witli  oxalic  etlier.  Its  colour  b  yellowish ;  it  is  rather 
heavier  liuui  water,  not  very  volatile,  destitute  of  smell,  uitd  but 
a  bitter  taste.  It  is  but  little  soluble  in  water,  but  disM>lves 
Nadily  in  alcohol.  When  digested  with  potaalt,  citric  ucid  ig 
•epanted  from  it 

13.  Malic  Ether. 

Thfa  etlter,  m  far  as  1  know,  has  been  examined  only  by 
Theiuird.|j  The  procaas  is  tbc  Mine  ait  fur  oxalic  ether.  It 
ha*  a  yellow  colour,  is  somewhat  heavier  tlian  water,  is  not 
volatile,  and  is  destitute  of  smell.  It  is  but  little  soluble  in 
water,  but  wry  soluble  in  alcohol,  from  which  it  may  be  tepar- 


*  OpUKuIa,  ii.  14». 
I  Opuaculi,  ii>  142. 
I  Had. 


t  Mem.  d'Amica,  ii.  13. 
$  Mcni.  il'ArcunI,  u.  IX. 
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Cbip.  Ill    ated  by  the  addidon  of  n-ater.     When  digested  wiUi  pobub 

"^^^~~  malate  of  potJiitU  U  formed. 

'I'lieHC  liL'st  ihntt!  etlien,  cliougb  tliey  have  not  yet  i)««u  ana- 
lyzed it»r  olitiiiiioil  in  a  Atate  of  {lurity,  preHenl  an  iiiaiiy  aiuit^^ 
g;ivs  with  till*  pn-ciNliiig,  that  their  ooii.iiituciuii  i«  pruluibly  tlic 
saine,  namely,  a  combinatiou  of  uii  iiitvgrunt  particle  of  sul- 
pburic  ether  M'ltb  an  lategrant  particle  of  die  acid  from  wliicb 
each  derives  its  name. 


I 


KMaqr. 
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SKcnON  V. — OF  ETHAU 

TliiK  substanoc  wiw  first  olitniiied  and  descri?>ed  by  Che' 
in  1818.*      1  am  induced  to  place  It  here  on  ueeoimt  of  il» 
analogy  to  alcohol  and  sulphuric  ether  in  its  coinpooitioa.     It 
was  obtained  by  t'hevreul  from  spermactti. 

The  K|iermiiL!t-ti  u-ait  in  the  tir^t  pluee  freed  from  a  yellow 
oil  which  it  eonliuuN,  by  repented  digestion!*  and  Hohitionti  in 
alcohol.  'l'\iv  j)nrified  spermaceti  (whicli  Chevreul  distin- 
guishes by  the  name  uf  tttint)  was  saponified  by  mixing  UW 
]uirt«(  uf  it  with  1 00  parts  of  potash  dissolved  in  200  piirts  of 
water,  and  keeping  tlie  mixture  in  a  tempcmlun-  varyiag 
between  1'2!2°  iind  194",  agiLtting  it  frequently.  When  tb 
•aponifieation  is  complete  u-ater  is  addt^d,  and  an  exeew  of 
tartaric  or  phosphoric  acid,  luui  sulfioient  heat  is  apjdied  u>  dit> 
solve  the  soap,  and  kept  up  till  the  fiitty  portion  collects  at  tbc 
surface  of  the  liquid. 

Tlie  fetty  matter  thus  collected  weighs  lOI-ti  ports.  Ithu 
a  light  yellow  colour,  and  be^n.s  to  congeal  at  I  IS",  but  is  not 
quite  »olid  till  it  be  cooled  to  1 10%  and  it  does  not  become 
quite  hunt  till  it  reaches  the  temperature  of  IO*J°.  Thi»  fatty 
matter  is  a  mixture  of  ettiat  and  tnargarie  and  oleic  acids.  These 
acidswere  separated  by  heating  it  witli  biiryle«  >rater,  stirring 
it  ctHitinnalty  till  the  acids  were  saturated  M-ith  barytcs.  I'he 
excess  uf  Uirytes  wa«  tlioti  removed  by  boiling  dintilled  water. 
'ITie  matter  being  now  dried  was  digesle<l  iu  cold  but  very  j 
strong  alcohol.  The  etlial  wds  dissolved  togetlier  witli  a  little  fl 
m.-ii^iniie  and  oleate  uf  barylm.  The  alcohol  being  distilled 
olf,  and  the  residue  treated  with  idjsolute  alcohol  or  sulphuric 
etiicr,  u  solution  of  pure  cOtai  was  obtained.  Ity  the  applica- 
tton  of  heat  the  solvent  liquid  was  driven  off,  and  lite  Mhoi 
rcnuiini'd  in  a  state  of  jturity. 

Ethal  thus  obtained  is  a  solid  colourless  hudy,  having  the  ■ 

semitnuisparency  uf  wax.     It  melts  at  about   US",  bm  when  ■ 

*  Itcclicrchcs  Cliiiiiitjuta  sur  Icb  coqis  ^xue*.  pj>.  llil,  233, 
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put  into  water  it  doM  not  fuse  titi  i(  has  rcacbed  tlie  temp«n- 
bire  of  172",  Wlien  cooled  slowly  it  cryKtallizeii  in  brilliant 
piste*,  and  itom«tiines  radiated  ne«dles  may  be  ob!ierve<l  on  ivt 
pirftee.  Il  has  no  uniellt  and  Hrarn^ly  any  laslc*.  It  miiy  be 
Tolatilizfd  at  n  If m|>orature  tijnal  to  tluil  which  in  rftiuisiic  to 
Tohtilizf  thf  6iity  tMMlim  wliich  lu-o  dostilulu  »rund!ly. 

Alcohol  of  the  specific  gravity  0*81'i  <li.'«wlvcti  it  in  any  pro- 
portion at  the  temperature  of  \2i¥*.      But  it  is  deposited  portly 
h  cryktuU  when  (he  oolution  cools.     ThiH  solution  lias  no  action 
m  rr^tnhle  cotoum.     When  ethal  is  heated  witli  protoxide  of 
Ind  no  water  i*  djsenga^d.     It  is  inwluble  in  water :  it  does 
mA  combine  u'itli  putisb.  nor  furni  soup  if  it  be  pure,  but  if  it 
h»  mixed  mtb  a  Hiniill  quantity  of  inargaric  or  oleicacid,  unites 
Hi^ly  enough  witli   potash,  and  is  converted  into  a  soap. 
Wtler  deprives  thi«  map  of  a  gresit  portion  of  it«  potash,  and 
rfp«n  of  its  margaric  aiid  oleic  acidti,  yot  the  n'niduul  matter, 
llmi|{{i  eoDsiattng  chiefly  of  vtlml,  format  it  munlu^v  with  water. 
A  compound  of  60  parts  of  raargnrie  and  oleic  acicU  which 
Kxlu  at  113°,  and  40  parts  of  ctlial,  become  liquid  at  1 1 1°. 

When  etbal  'm  heated  sufficiently  in  an  open  vcwii^l  it  bums 
like  wwc.  Sulphuric  acid  has  little  action  ou  it,  unless  it  be 
i«iMe<l  by  heal.  In  tlmt  case  sulphurous  acitl  is  formed,  hut 
mm  of  the  etiuil  remniiut  undiitsvlvcd.  Nitric  acid  has  little 
•dicn  on  it  cold,  but  when  bent  U  applii'tl  much  deutoxide  of 
note  is  ipven  out,  uiid  the  etJuil  is  piirtly  dissolved.  The 
■AmoIvciI  portion  I>ciiig  treated  \(-ith  water,  and  the  aqueous 
Hiation  cfHicentrated,  acid  crj'stals  are  obtained.  Alcohol  di»- 
MivM  from  the  niodue  an  oily  matter. 

t^ul  was  snbji'ct<'<l  to  analysis  by  Chcvreul,  by  means  of 
bJKfc  oxide  of  copper.  He  found  the  coatUtucnts  by  weight 
Uba 

Oxygen  ,         .  6-2888  ca»t«uiui. 

Carbon  .         .  79-7S60 

Uydrogon        .        .  13-B45S 


100-0000 
weighu  arc  equivalent  to  the  following  atomic  pro- 

1  atom  oxygen, 
8-98  atoms  carbon, 
1 7*7  atoms  hydrogen ; 
ftunbcn  which  npproucli  very  near 
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1  atom  oxygen, 

9  atomH  carl  ion, 
16  atoim  Iiydrof^n. 
Tlic  ntoms  of  hydrojTfn  nrv  twice  iw  numeroat  as  those  of  cnr- 
boD.  If  wr  wcn>  to  admit  one  more  atom  of  hydrogen  tlian 
Chcvrvul  found  (and  the  quantity  of  hydrogen  in  iilway*  mcuit 
liable  to  error  in  the  dt^tehniiintlon),  tlion  ethal  might  be  con- 
sidered BB  a  compound  of 


1  atom  water 


C    \  oxyK^n* 


hy<lrogen. 


9  atoms  onrburetted  hydrogen  ^  ,^  ^y^^^„, 

Chevreul  is  of  opinion  that  (lie  carbon  and  hydrogen  bear 
the  mme  ratio  to  each  other  in  this  BiihtiUtncc  a«  in  alcohol  and 
ether.  This  vas  the  reason  of  the  name  tlhaJ  which  ho  gave 
it,  and  which  is  formed  by  joining  the  first  syllables  of  the 
words  ether  and  alcohol  together.  Diit  it  is  obtious  tliat  tlib 
sappmed  ratio  does  not  hold,  the  atoms  of  hydrogen  being  tvlca 
as  numerous  m  those  of  o;irbon. 
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aSCTIOK  Vt. — OF  TOLATILK  OILS. 

Tlie  term  nit  is  applied  to  a  number  of  imctunns  liqi 
which,  wlion  dropped  upon  pajier,  i^ink  into  it,  and  miUte  It 
seem  fiemitniiiHpurcnt,  or  giro  it  wluit  i.^  callci)  a  graag  stain, 
[oi^whtt  These  I>oflies  art-  very  numcroiw,  and  have  been  in  common 
use  from  time  immemorial.  Chemwts  Iwive  divided  Uiem  into 
two  classes;  namely,  vofatile  and  jf.iyy/  oils.  We  sJwiU  con- 
aider  the  propcrtii"!'  of  the  first  of  these  classes  in  (his  sectiotk 
TheySjfrf  oils  will  occupy  our  attention  in  the  ne.Tt.  A  third 
clasH  of  oils  might  l>e  added  which  possess  intenneiliiLlo  pro- 
perties between  the  fixed  and  the  volatile. 

Volatile  oils,  called  uliw  rxxeM/io/ ot&,  are  distinguished 
by  the  folhiwing  propertii-s : 

1.  I.i(|uid;  ofU'n  nlmoBt  OS  liquid  us  water ;  somctimefl  viscid 
or  solid. 

2.  Very  comhwilSle. 

%  An  acrid  tast«>  and  a  Ktrong  fragrunt  odour. 
4.  Volatilized  with  wuter  at  a  temperature  not  higher  tllH 

212". 

a.  Soluble  in  alcohol  and  etber,  and  slightly  in  water. 
6.  Evaporate  witliout  leaving  any  stain  on  [wper. 
By  tlijs  last  test  it  is  easy  to  discorer  whether  they  have 


VOLATILE  OILS. 
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ndulteminl  witli  Any  of  the  fisnl  oils.  Let  a  drop  of  tbc  rola* 
till'  oil  &II  upon  A  slipet  of  writing  piiper,  and  then  npply  a 
gt'ntif  licat  to  it.  If  it  «raporale«  without  leaving  any  stain 
upon  tho  pnpcr,  the  ott  iit  pure ;  hut  if  it  leaves  a  stnin.  It  has 
heen  contaminated  with  «wno  fixoH  oil  or  otiier. 

Volatile  uihi  aro  almost  nil  obtained  from  vegetables,  md 
they  exist  in  every  |>art  of  plants ;  the  root,  the  bark,  tlie  wood, 
the  leaves,  the  flower,  mid  even  the  fruit,  tliough  they  are  never 
fuunil  in  the  substance  of  the  corylodoiis ;  whereas  tlie  fixed 
nils,  on  the  contrary,  an  almottt  always  contnlncd  in  these 
bodiei*." 

\N'ben  the  volatile  oils  are  contitincd  in  great  abtindanee  in 
plantii,  they  are  sometimes  obtained  by  Htmplc  expresnon. 
TU«  is  the  case  u-ith  the  oil  of  oranges,  of  lemons,  and  of 
bergamotle ;  but  in  general  they  can  only  be  obtained  by  dl»- 
dlbuioa.  The  part  of  the  plant  containing  the  oil  is  put  into 
a  «till  with  a  quantity  of  water,  which  is  distilled  off  by  the 
application  of  a  uio<lenitc  hoaL  The  oil  comes  over  along 
(li  the  water,  and  swims  upon  its  sur&ice  in  the  receiver. 
>y  this  process  arc  obtained  the  oil  of  peppermint,  thyme, 
vender,  and  a  great  many  otliera,  which  arc  prepared  and 
ploye^l  by  the  perfumer.  OiKer*  are  procured  by  the  din- 
tation  of  rcninoun  bodies.  Ttiii*  is  the  case,  in  particular, 
ith  oil  of  turpentine,  which  is  obtained  by  distilling  a  kind 
resinoiis  juice,  callei)  turpentmc,  tliat  exudes  from  various 
ies  of  pine. 
TohktUe  oils  are  exceedingly  numerous.  They  have  been 
g  known  :  but  as  their  u»e  in  ehemiMtr)'  U  but  limited,  they 
not  hitlierlo  been  §ubjet'ted  to  an  accurate  cliemical  inves- 
on.  M.  'Ilieodore  de  Saussure,  howe\'er,  has  made  nume- 
rous experiments  to  determine  the  composiiiun  of  several  of 
the  moAt  interesting  volatile  oils,  They  differ  very  much  Irom 
Mcfa  other  in  their  properties;  but  it  would  serve  no  good 
puipo«c  to  enter  upon  a  minute  detail  of  each  particular  oil. 
I  uall  therefore  satisfy  myself  witli  an  account  of  their  general 
properties,  and  then  give  an  aecoiuit  of  tiie  characters  of  oil  of 
turpentine,  as  a  specimen  of  these  oils. 

I,  Thegreater  number  of  volatile  oilsare  h'^viW,  many  indeed  c«»mbi» 
■re  as  limpid  as  water,  and  have  notliing  of  tliut  nppeiLrance 
which  we  uitually  consider  as  oi/g.     lliis  is  the  i-ase  with  the 
following ;  luutvely,  oil  of  turpentine,  oranges,  lemons,  berga- 
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raottP,  ro«<'8.  Othen  have  the  oily  viscidity.  It  viirics  ini 
them  in  nil  'Ic^rooM.  Tlii«  h  the  cuse  with  tho  oiU  of  mace, 
cardamom,  sassatras,  cloves,  cimiamoii.  Others  have  tJie  pro- 
perty of  becoming  solid.  This  is  the  case  witli  the  oiU  of 
pguvley,  fennel,  aniseed,  iialm.  Others  cryslalli/e  by  ^low 
eraporation.  This  it)  liic  case  with  oil  of  lhym«,  iH'pprnnint, 
marjomm.  The  oil  of  nutmegs  luu  luuully  the  coa^isteDce  of 
butter.*  This  is  the  case  also  with  the  oil  of  hopa  sod  of 
pepper. 

2.  The  cotoor  of  the  volatile  oils  is  as  vanous  as  their  ot 
properties.  A  great  number  are  limpid  and  colourlest,  ae  oilf  I 
of  tuq)entine,  lavender,  rosemary,  savine,  aniseed.  Some  arf  I 
yellow,  an  spike,  bergamotte.  Some  are  l>rowti,  as  tbymCfl 
savory,  wormwood.  Otliem  blue,  a.*  caniomilo,  mothcrw-orf 
Olliers  green,  M  milfoil,  peppor,  \w\vi,  parsley,  wonnwood|J 
cajeput,  juniper,  iuig<e,  valerian.  Others,  tliough  at  first  colon 
lesS)  become  yellow  or  bromi  by  age,  us  cloves,  cinnamon,] 
sasmfras-t 

.*).  Their  odours  are  so  TOrious  as  todefy  all  de«<njition.  It 
is  sufficient  to  itay,  that  all  the  friigrance  of  the  vegetable  Idng- 
dom  reudes  in  the  volatile  oils.  Their  taste  is  always  acrid, 
hot,  and  exceedingly  nnpleiwant. 

4.  Their  specific  gravity  varies  very  considembly,  not  only 
in  different  oil«,  but  even  iit  tho  same  oil  ii]  difTerent  cirvnin- 
stances.  The  following  are  ilie  specific  gravities  of  several  of 
tho  volatile  oils,  as  ascertained  by  Dr.  Lewis  :| 


Oil  of  Sasaafraa     .     . 

1-094 

Oil  of  Tansy    .     .     . 

■946 

Cinnamon 

1*033 

C'arraway  seeds 

•940 

Cloves      .     . 

1-034 

Orignitum 

•940 

Fennel      .     , 

-997 

Spike    .     .     . 

•636 

Dill           .     . 

-094 

Rosemary  .     . 

-034 

Pennyroyal   . 

-978 

Jumper  berries 

■911 

Cummin   .     . 

■975 

Lavender   .     . 

■905f 

Mint         .     . 

•975 

Oranges     ,     . 

•888 

Nutmegs  .    . 

■948 

Turpentine 

•792| 

The  following  tjiMe  exhibits  the  specific  gravity  of  several 
volatile  oils,  as  determine<l  by  M.  Ac  Saussurc :% 


•  Foiaaoj,  viL  SOS.     Bng.  Tnat.  -f  Nenmaii't  Oieixi.  p.  WJ. 

t  1W*I-  J  By  my  iteteniiiiiiuion. 

I  Soroetiawa  oil  of  tiirpcnttne  in  iw  high  m  0-8Q- 
1  Ami.  do  Chim.  et  de  Phj-ii.  xiii.  VM. 
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^F  TOtATILE  OILS.  ^^^^^^T  oBB| 

Coramtin  oil  ofntiiM     "  .        .         0-9857  at     78»  ^t-^  vt. 

<        Solid  oil  of  aiibc  .         .         0-9849  at     78 

f        OJ!  of  kvi^iidcr  ,         .         0-896    iit     68 

I        Oil  <.f  rosoroary  .         .         0*8886  at     60  ^m 

k       Oil  of  tuTpratine  .  0*86     at  71'Jt  ^| 

I        Oil  of  lemons  0*647    at  71*5  ^M 

}        (Klofrwos  0-Bd*i    ut     60  ^M 

I    Wtifti  (III?  volnlilc  oiU  are  hciitcd  in  tlic  open  air,  they  eva-  ^H 

poTBte  rettdily,  and  without  alteration,  difTu-siiig  tticir  poi-uiiar  ^H 

idoura  all  around;  but  therein  a  oon*td4'nil>ltr(Itfr«Tcncrbctwwii  ^H 

Ap  diSen>nt  oilx  in  tliis  reN{M>ct.     Wlioii  di.<li)li'd  in  close  vo»-  ^H 

•eb,  they  do  aot  so  readily  usMime  the  form  of  vapour.     Ilrnce  ^H 

thry  low  thpir  odour,  become  darker  in  colour,  and  are  partly  ^H 

deconposed.     Oils  dn  not  seem  verj*  susceptible  of  assuming  ^^t 

Out  gateoni  form,  unless  some  otlier  substance,  as  water,  be  ^^ 
fUMtnt. 

THe  following  table  exliibitfi  the  eliufticity  of  the  vapour  of  ,'uJI!f','?lIlI, 
nriou  mis,  at  llic  temperature  of  59°,  a^  determined  hy  M. 
At  Saiissure.*     'I'he  ebiMidty  is  uinMured  by  the  height  of  th« 

cohuBu  of  mercury  whivh  the  vapour  w  cnpoblc  of  supporting.  ^^ 

Vapour  of  u-nter  0-&07    iudies  mercury         ^| 

Oilof  tuqK*ntine  0-354  ^| 

lemons  0-364  ^H 

roaenary  0*349  ^M 

lavender  0-310  V 

roM*  .         .        .         0-0787 

uite,  ootsmon  .        .         0-059 

aiuse,  solid  .  .  .  0-a-}94 
Oil  of  turpentine  begins  to  boil  in  glass  vessels  at  314°. 
Ai  tJie  teiifuon  of  oil  of  lemons  is  the  Mine  as  that  of  oil  of 
tVprnline  at  59°,  tlie  IxHlinpf  point  of  both  w  proluibly  the 
sue.  I'he  other  oils  probably  will  not  boil  till  tliey  are  luiM'^d 
tsa  conaiderubly  higher  tempcrutnrc. 

When  exposed  to  the  action  of  cold,  they  congeal  like  tlic^^'™'' 
filed  oils  ;  but  tlu>  temperature  necessary  to  produce  tliis  elTect 
Tuies  according;  to  the  oiL  Some  of  them,  us  oil  of  anise  and 
cf  feoDcl,  become  oulid  at  the  temperature  of  50°  :  frozen  oil 
<f  bergamotte  and  of  ctuiella  b<-come  liquid  at  2!]°  ;  oil  of  tiir- 
peotine  at  I4°.t  Mat^ucron  exposed  several  volatile  oils  tu 
a  coM  of  —  17°.     They  congealed  or  rather  crystatlixed  |>ar- 

*  Aan.  ds  Cfaln.  et  Jc  Pbys.  xiii.  2A9. 
f  Margueron,  Jour.  At  I'li)-i.  xlv.  I^rt. 
II.  z 
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c>*P'  '"■    liiilly,  and  nt  lUo  ttme  time  cmittotl  nn  cUstic  fluid.     These  ' 
cryHtals  coii!iist«d  partly  of  the  oils  tlicmselvcs,  jwirtly  of  ollwr 
8tili«tftpce.'«.     Some  of  tiiein  laui  tlie  properties  of  benzoic  hci*!." 

5.  VolHtile  oils,  wlieii  iixpo^od  to  rlie  action  of  light  in  elo»>e 
vcs«eli,  and  exdwled  from  eoinnion  air,  iindciyo  very  Riitf^kr 
cliitnfres.  Their  colour  kccometi  deeper,  tJiey  ac<)tiiro  i  ijTeat 
deal  of  consistency-,  and  their  specific  gravity  Is  considerably 
increased.  The  cause  of  tliese  eluuiges  is  but  impcrfecily 
known.  Tingry,  t<>  whom  wn  »re  indebted  for  thme  tnterosl' _ 
ing  rp»cnrc-hes,  bus  proved  tliat  light  is  n  iieee«rary  a^nt  Ilv 
was  supposed  formerly  tliat  they  were  oecnsioned  by  the  »l»orp-  ' 
don  of  oxygen ;  and  when  oxygen  in  predent,  it  has  been  nscrr- 
tiiined  that  it  tti  ahwirbed :  but  Tingry  has  proved  that  the 
tame  clunges  go  on  when  oxygen  is  excluded.  Thi*  philiMn- 
pher  aaeribes  them  to  the  fixation  of  light.  If  tliis  be  the  real 
cniiw,  the  quantity  of  light  fix(*d  must  be  eiiAnnons  ;  for  wi  tbe 
Rppcilic  gravity  uf  llie  oils  is  increased  eonsidemWy  wliiti-  the 
bulk  contiiiuei*  the  »Mne,  it  is  evident  th&t  the  atwolute  weight 
must  he  increased  proportionably.  One  eireumstanee,  hoWerpr, 
render*  this  eonelusion  somewhat  douhtfut,  at  least  in  ib  full 
extent;  and  that  is,  that  the  (luaiiltCy  of  change  was  alu-aya 
proportional  ut  the  (juAntity  of  the  oil  tind  llie  quantity  of  tit 
cout«inc<l  In  (he  vc*sel.-t 

II.  It  is  probable  tlial  tJie  volatile  oiU  absorb  and  combine  . 
with  the  fHfTerent  sopportem  of  combuM.ion,  ihongli  no  correetflj 
set  of  experiments  has  been  hitherto  mnde  on  the  subject-        ^ 

1.  When  volatile  oik  are  exposed  to  the  open  air,  they  gra- 
dimlly  become  deeper  coloured,  and  acquire  mor^  and  more 
viscidity,  while  at  the  same  time  their  odour  diminishes.     Dr. 
Priestley  first  ascertained  tlmt  tlicy  imMbe  oxjf^n  with  rapHfity, 
and  that  tlie  changes  luv  owing  to  their  nWrjition  of  it     He 
tried  the  experiment  only  with  oil  of  turpentine,  but  he  found     i: 
that  t)ie  air  above  oib  of  mint  and  cinnamon,  confined  in  phbbfl 
half  full,  was  deprived  of  it*  oxygen. |     He  ascertained  Itkfr-" 
wise,  that,  independent  of  this  disposition  to  nlmwrb  oxygen, 
oil  of  turpentine  has  the  property  of  imbibing  u  canxidenible 
quantity  of  air,  which  may  be  afterwards  extricated  by  means 
of  l)ie  uir-])um]i.§     Acconling  to  I'oiircroy,  thiti  ahsnrptfon  of 
oxygen  is  accompanied  by  the  formation  of  water.     His  ert* 


•  Margueroo,  Jour.  Je  Plijni.  xl*.  130. 

t  Tingry,  Jour,  ^e  l^bj*.  xlvi.  1 6 1  and  2*6. 

^  Priewlejr  on  Air,  a.  i32. 
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■M  for  (lib  h,  that  drop*  of  n-ater,  h«  says,  are  often  per-    *«»-vl      1 
pCtUa  at  Um  $UTfac^  of  tho»c  oils  tlutt  arc  kept  in  vesselii  not 
nperly  cloaod.*     By  loDg  etjMMuro  ttic  voliitilc  oitii  nMitmc 
B  form  of  resiM. 

When  die  rolntilcoil«iirpli««tl«l8uffirk'iitly  iii  thcojwnair, 
vf  take  firo  nnd  tiiim  wtlli  n  clear  tn-ight  Rame,  emitting  a 
rt  qMDlity  oi  Bmoke,  Tlie  ]iro(iuclii  nf  tti^  conibusdon, 
iUM  tlia  wmtt  ara  wBter  anil  carlmnic  »cm(.  ■ 

ft.  Oil  of  taqienttiie  at  k-ast  iilKiortts  ftn<l  winltiiH-s  wth  chio*  ofrf'i'uwr,     ■ 
■e,  anil  tb«  properties  of  Uia  new  compound  ure  very  difler- 
t  fnmi  tliiMr  uf  oil  of  (iirpeiiliiie.     Mr.  Porrctl  caused  the 
puur  vi  4jil  uf  turpentine  and  cbloriiie  gas  to  poM  togetlier 
n>U||(li  n  gbtM  tuba  int«  a  receiver.     There  was  formed  a  very 
Hit  heavy  white  oil,  wUicli  iwiik  immedialely  in  water,  and 
U^  HiDelt  and   la«t«d  very  mueh  like  nutmeg  but  coin- 
Bunirated  ratLer  a  mon.*  vauMtic  sensnliOD  to  the  totigue.f     A 
coinpoiitiit  M-«-in6  to  liave  been  otit^ined  l>y  Dr.  John 
Dcry  by  mixing;  jHTcliIoriilo  oi'  tin  willi  oil  of  tnrpi^ntine.): 
S.  Tbc  action  of  iodine  on  volatile  <nU  Ium  not  b«eii  tried. 
lU.  Tbe  action  of  the  fdinplocoinbiislibles  upon  the  volatile 
oik  u  not  T«iiuikal)!e.     'I'lti  y  do  not  »bsoH>  hydrogen  w*  far 
ai  la  known,  neither  arc  titey  altered  by  eharconl.     Wht-n 
ilignted  tipon  snlptiur  ut  tlie  temperature  at  which  the  Mulphiir  <it<uii>'">r. 
MlMt  tlicy  dtnolve  a  portion  of  it,  acquire  a  brown  colour, 
vt)L  a  dka^reeable  taste  and  sniclL     I'liese  preparations  are 
oiled  baUam*  of  Aulphnr.     A  portion  of  the  siilplutr  erystnl- 
liuvM  thoy  coot.}     When  tlie«e  halsumsare  heated  strongly, 
■  nat  quantity  of  giw,   (probably  sulphiiielled  liydrot^i-n )  a 
nulved  ao  nipiilly  as  to  occasion  very  violent  explosions,  unless 
lifupcr  precautions  be  taken. n 

Tb«  vobuile  oiU  dissolve  Likcwis4^.t  )>orlioii  of  phoa)>h<n-us  in  ^'""i'"- 
>  dipeMitifr  heat ;  but  hkmI  of  tlu-nt  deptwite  ilur  whole  of  it 
>^aill  as  the  lolution  cools..  HotTmun  pointed  out  a  method  of 
ttadcring  tho  solution  permanent.  It  wa«  lb«  following :  Tri- 
tutata  togellier  10  parts  of  camphor  and  1  of  phoapliorus.  Thui 
aimue  diaaolvesreadily  in  most  volatile  oils,  OS  in  oil  of  cloves 
ui  firms  a  solution  which  Itas  the  property  of  rendering  every 

*  Fourcitty,  vii  p.  £01-     En^  Trnna. 

t  NidMboa**  Jounwl,  ixiiti.  I(U.  lUcL  p.  IT. 

$  'ttf—""  Ae  OijniW  of  Dijoii  Acaileiiiy,  in.  357. 

I  lloflfaian  relate*  d  reniarkable  Ktciry  o(  tlie  violent  etktu  oT  luch  on 
njilonon  by  way  of  tautlon  to  the  clieiiiiKU  or  lii*  tims.  OlMtrvntionca 
lit)*-  Cbm.  p.  306. 
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liaouH  which  is  rubbed  witli  it,  luii)  llii>  witltout  com 
bustion.*     'Dib  wcins  to  h»ve  beou  Ui«  solulion  twinuch  um>J 
by  Boyli'i  uiidcr  the  iiauie  of  liquid  phonphi/rut. 

W.  'Hie  alluJ!?§  and  eorllts  act  buc  feebly  ujwii  (be  rotatite 
oils.  The  French  chcmiif&i  buvo  {iraposed  (o  ffivt-  tlie  vwmbi- 
nations  which  these  bodies  form  with  the  volatile  oils  iIm!  ituRie 
of  sat'OHHtef,  wliicli  Dr.  Peorxon  hits  translated  by  the  Xtna 
sap^iHuks;  but  tlicse  ttenonuiiations  have  itvt  been  wlopted  by 
chemidt8.t 

.  M'boerer  conaidera  the  t«dK>ii»  trituration  of  potash  uud  oil 
of  turpentine  Ioj^i'Uiit,  by  whidi  the  iiu'diciruil  prcpckratioo 
ciiUod  Sliirliry'*  stia/i  is  prepured,  and  compitrcii  it  with  tlfo  SuA' 
lily  witli  whicli  tliutiilludi<tiii9olr«0conimon  turpentine,  will hf 
indiiit'd  to  believe  that  the  eombinaiioii  laJu-»  pUct*  uDly  in  ^^o 
fur  m  the  oil  is  converted  into  a  reiiin :  aiid  that  itis  not  (Ik*  oil 
whicli  luis  the  property  of  uiiitiug  with  potafth,  but  tfaa  min 
formed  by  its  ab§orbin^  oxygen  from  llio  atTnosphcre.  Inderd 
it  is  not  iin|iriil>alik>,  Uuit  the  volatile  oils  ulniorb  and  purt  with 
oxyt^n,  with  tnueh  greater  facility  thaii  ha«  been  hitherto  sup- 
posed ;  and  that  during  many  of  their  RolutionB  these  changt* 
take  place.  Volatile  oil.t  neem  to  unite  to  alkalies  and  eartk 
only  whoii  uniliil  to  OXy|>;i'n  mo  IM  to  form  ri'Miif  ;  while  rewns 
on  the  otlicr  bund,  may  probably  owe  their  solubility  in  idco- 
hoi  to  their  partin|{  witli  oxygen,  and  assuminj^  tbe  state  at 
volatile  oU§.  Some  experimcnLt  uf  Mr.  Hatehett  at  Iea.<<t  rea- 
der the  last  iiuppo§itioii  not  improbable.  I  s}iall  nientiuu  ooe: 
J-Ic  took  about  half  a  pound  of  the  cummoti  yellow  resin  of  the 
jihops,  and  having;  diHHulved  it  in  mther  Ivm  tbiui  u  (juart  of 
alcohol,  he  poure<i  thv  clear  sohitiuii  from  the  dregn and  impa- 
rities into  a  glass  basin  containing  about  two  quarla  of  distilled 
water.  He  placed  this  baMii  on  a  rand-bnih,  and  heated  it 
moderately  for  about  four  boura.  The  principal  part  of  the 
resin  wais  preeiiiitsited  ilurJng  tlii-*  digi^^lion.  Next  itay  the 
milky  liquor  was  |H>UTed  off  the  predpilHte,  atid  evaporated  to 
dryness  in  an  open  veaeeL  During  the  evaporation,  brittle 
films  of  porft'ct  lesin  were  formed  suoceosiToly  on  the  suiJace 
of  tite  liquor,  end  the  dry  residue,  aAcr  evaporation,  u-as  IJko* 
ivi«e  complete  rcHin  ;  but  the  portion  which  hiid  prt'cipitated  in 
the  first  Wsin,  and  which  constituted  the  chief  part  of  the  oii- 
^ital.  was  not  in  the  Mate  of  reNin,  but  of  common  turpentine, 

•  Holfinan,  Obwrv.  l*hy».  Chem.  p,  307. 

+  The  (erm  lapmmlr  doM  not  ngrce  »tll  willi  the  idiam  of  our  Iimpngn 
The  word  tvbtoop,  or  soincitiiiig  »iiiiilar,  would  have  been  better. 
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mc  phenomena  Enilicate  in  a  very  unequivocal  maoner,  that  **''■ 
yiOTi'  liad  been  taken  from  the  re«n  during  its  solution  in 
icohul.  Hence  ibe  jiortiuri  whicli  |ir<>ditil»U*H  immediately 
hva  th»  Halation  u-im  poiireii  into  Witter,  n»t  Win^  in  contact 
ich  the  air,  fell  down  in  tfac  state  of  turpentine ;  while  tlie  por- 
D  that  continued  in  contact  with  air  bcoune  perfect  rosin. 

V.  AVhon  nictated  witli  water,  (be  greater  number  of  the 
hxUt  oils  render  it  milky,  an<l  coromuniottc  to  it  their  pecii- 

odour.     Several  of  them  when  droppe<t  upon  stii^r,  if  ibc 

be  afterwards  dimiolved  in  n-alcr,  farm n  permanent  ttulti- 

to  which  tile  name  of  o/to-sncc/ianim  has  been  given. 

neroii  ha.%  shown  that  lliiti  property  belongs  only  to  the 

est  and  most  limpid  part  of  the  uiEs. 

They  are  all  Noluble  in  alcohol,  ether,  and  fixed  oils ;  (hough 
Aejr  VETj-  considerably  in  the  facility  with  which  Uiey  unite  to 
alcoheL  Oil  of  turpentine,  Ibr  instanceT  'i  known  to  unite 
wly  with  that  liquid.  M'lien  1  part  of  that  oil  is  dissolved 
7  parts  of  alcolwl,  the  oil  M^pur.ittw  by  degrees,  and  wiikii  to 
■  bottom,* 

VI,  'i'lif  action  of  the  acids  upon  the  vt^dlo  oils  hat  bucn 
imperfectly  examined. 

Snlpliuric  acid  acta  upon  tliem  with  considerable  energy :  "."'i*""* 
fiaolviii<r  them,  converting  them  at  fxmt  to  a  substance  of  a 
.1*  luiture,  and  ut  hust  reducing  them  to  the  itate  of  eliar- 
noJ.  Flence  we  may  procure  the  oil  in  very  different  st-ites, 
by  M^mting  it  from  the  acid  al  the  end  of  a  lunger  or  tdiorter 
inl»TVJil  by  pouring  the  mixture  into  water.  When  a  volatile 
nl  ia  dropped  very  slowly  iim)  four  times  its  weight  of  siiljiburic 
tdA,  triturating  constantly  after  every  addition,  u  solution  is 
Innned  ufii  hron-ntsb  colour.  If  tlits  solution  ia  poured  into  3  or 
4  jwrta  of  water,  ami  then  genlly  hejitwl,  a  brown  mass  sepa- 
lates,  which  wan  formerly  known  by  the  name  uf  an  acidsoap. 
Achant  ia  the  only  chemist  who  has  examined  tltese  comhina- 
liOM  with  attention.  His  experimontx  were  made  chiefly  on 
til  of  tur^ientine.  The  mass  which  separates  when  thi«  oil  and 
Milpbnrie  acid  arc  treateil  a.i  above  described,  is  of  the  consist- 
uoa  of  Moft  wax,  Miliible  in  water  and  alcohol ;  and  n-hen 
d«campOMtd  by  an  alkali,  the  oily  matter  which  separaU's  unites 
mtdiJy  with  nlkalie«.|-  Hence  it  appears  tliatithasapproachcd 
the  >lata  of  a  roiiu 
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■  Nnistm't  Chan.  p.  88a 


f  Jour,  de  Phfi.  xn.  409. 
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Mumtic  acid  has  tnucb  less  action  ou  tliem  ttian  tl>c  Kulptiuric. 
From  AcUard's  trials  it  dissolved  -[jijUi  of  its  weight  of  Uia  oil 
of  sassiLiras.    The  jwrtioii  <lim(ilv<rd  is  [irubaUy  altered.*    W'it^  j 
mtiriutio  iici<I  oil  of  tur]>ciittiic  combines  luid  fonnHUcompouid  I 
Teiy  similur  in  its  u()prjiTance  to  camphor, 

'\\'heii  niU'ic  acid  is  tlirowu  upon  tliom  Buddrnly,  luid  In 
coiicciitxated  state,  it  act>>  witli  sudi  energy  as  to  »et  tbem  on  I 
fire ;  but  whi-ti  niijlicieiuly  dihited  witli  water  it  diwMilven  litem,  I 
luid  eotivcru  iLcin  into  a  j'cUow  Hubstuiicv  aimilar  to  rf.iuivJ 
Chtorioc  acts  iii  the  some  way,  though  with  lcs»  energy. 

VII.  The  action  of  the  volatile  oils  on  metals  has  nut  been 
examined  with  care,  but  it  cannot  be  reinarkablc.  Margucruft 
likH  tried  the  efiect  of  some  of  tlie  tnlu  uf  mercury  upon  wrcnd 
volatile  oils.  The  followiiij;  arv  tliv  fuct«  nsoertaiiied  bytkii 
dicmist :  W'licn  oil  of  rueemory  is  ke]>t  over  nitrate  of  inermry, 
tlic  salt  is  );nidtially  decomposed,  and  tlie  oil  acquires  a  <teep 
colour.  Conxwivv  ^ubliniale,  in  lilie  mnnner,  dcepentt  0*e 
i:olour  and  increases  the  con>iBtenee  of  viU  of  citron,  chemi, 
hyssop,  lavender,  roseiniiry,  and  peppermint;  while  iti>>»tthc 
same  time  partly  converted  into  c^onieh  Neither  the  murulc 
of  mercury,  nor  thesulphnretof  tliat  metal,  produce  any  chaiiga 
in  tlie  oils  of  lavender  and  rosemary  :  but  hy  tliis  last  oil  the 
red  oxide  of  uieretiry  ix  converted  into  the  blnek,  though  tiie 
oil  does  not  cx[>criencc  any  sensible  chaiigv.  The  dtloridc  of 
antimony  i«  ItkcuUe  decomposed  by  tlit  oil  of  rosemary.-]- 

M.  dc  8imssure  attempted  the  analysis  of  several  of  the  vola- 
tile oiL^  by  burning  them  in  oxyf^en  gas,  and  ascertaining  tlie 
quantity  of  oxygen  consumed,  and  the  volume  of  nHionic  add 
fornied.  'I'here  arc  scverfll  ciicumsianceB  which  make  it  diS- 
cuU  to  obtiiin  very  accurate  results.  The  oils  are  so  rolatile 
that  a  pordon  b  apt  to  escape  combustion,  and  nuitgl«  with 
the  gasemLs  product*  under  tlie  form  of  vapour.  But  the  gnu 
ubsUiek-  to  correct  results,  is  tlie  impo*nil)ility  of  freeing  th 
oils  from  all  foreign  matter,  and  brijiging  iliem  into  n  6lal«  < 
piuity.  Till  some  method  of  effecting  this  be  devised^  tin 
mialysis  of  the  volatile  oils  cannot  lead  to  any  liatii^raiTtory  roii< 
elusions.  The  t'oUowiug  tabic  e.vhibitij  the  eoitjitiiuenlii  < 
(lifli'rcut  oils  analyzed  by  ISaassure :{ 


*  Elciiieni  dc  Cbymic  of  the  Dijon  Acadtntf,  HL  361. 
"t  Ann.  dc  Cliim.  xlvit.  BS. 
t  Ibid. 
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lieu  Atonic  w^i^lita  oiay  be  couvemsl  iiilo  volumes,  uinpty 

mvidiii^  till,-  utiMii.)  uf  uxy^cii  l>y  2,  uitd  idlowiiif;  ihv  utiicnt 

'to  rvinain  unulu-red.     If  wo  kiiew  the  vpccilk-  ^mvity  uf  tlie 

mU  ill  a  sLite  oi'  vapour,  these  vuluinet  would  «»al>le  us  to  form 

mkhc  idoa  rf!t{>e<;ttug  die  c-oii.'^tiitiou  uf  tin.'  iiiu-Kraiic  )>iini(.'lu 

vf  «wcl)  uil ;  but  our  ij^iiuiuiici-  of  tJiat  uMeDtiul  vk-me»t  prc- 

.vvnt*  lUiy  utlier  «Hiclu<.ion  tluin  wliat  regards  the  ratio  of  the 

I  aionw  of  tile  hydrii^i-ii  fnid  carbon. 

In  oiU  of  lemoDS,  tgrpcntiue,  taveiuler,  and  roses,  ilie  volumca 
i(tf  hjfJrvgeiiiiad  carbon  approach  eijuality.  It  UprolKdile  fruin 
/this  that  in  them  tlie  liydrogeii  ajid  carl>oti  are  coinbiiiecl  so  as 
te  some  modifiuilion  uf  «iibu!iyi)r<>f;(.'n;  but  Uaw  inauy 
k  of  each  go  tu  thv  fornuilion  of  lui  iiitugruHt  jHu'liclc  il  U 
[  iin|HMbibla  to  auy,  probably  a  niiicli  greater  nutobcr  (liao  any  of 
I  carbokydrogt;!!  lutlii-rto  ejciiniiiied.  the  highL-»t  of  whicb  in  liexa- 
)  (nrbojtydrogeii,  or  u  cunipDuiid  of  G  atoms  ctirbon  aud  G  atutns 
hydrogen  into  one  volume. 

Solid  oil  uf  aniw!  seems  to  consist  ofa  compound  of  1  volume 
of  hydrogen  and  2  volumes  carbon  vapour,  or  some  multiple  of 
that.  It  ia  therefore  analogous  to  one  of  the  oiU  from  oil  gas 
which  Witt  subjected  tu  analysis  by  Mr.  Furadiiy. 

Oil  of  rosemary  and  common  antse  appear  to  be  a  compound 
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c**»  UL    of  1  volume  h)'ilro|^cti  and  It  volume  carbon  vapour,  or  sonii.- 
multiple  u£  that.     It  U  tli«r«t'ore  luiiilotxitmi  to  naphtlialme. 

The  ox^ygen  enlera  into  Uicmi  bodim  in  very  «imill  qiuindiy.  In 
luvetulvr  und  roM  oils  it  a  probably  united  to  carbon,  but  in  oiU 
of  rownuiry  and  Dontmon  imiDe,  and  in  solid  aiitse  oi),  it  §eein9 
to  he  uutli.-<l  Ui  hydrogen  and  lo  oonsdlule  wai«r.  The  preaenw 
of  aato<e  uin  ioierred  by  filauMure  £roin  the  a|>p«arancc  of  a  little 
nmmouiit  during  \m  aiwlyws  of  tliv  dilfKrcnt  ojlit.  lu  qtianllty 
iit  Ml  small,  [lull  if  it  i-ntf  nt  ii.s  an  utooiic  coni[iound,  die  numbi-r 
of  atoms  of  the  otbvr  cotntitu«nt«  m»»l  be  prodi^iMw.  Thu% 
if  oil  of  lemoiM  onntaia  au  atom  of  Kioto,  it  must  be  a  oompound 
224  aloins  hydnifreti, 
2fiii  atoms  utrbon, 
I  iilom  axot«. 
Of  tlie  nature  of  so  vrry  complex  an  iiitr^7«nt  parliclfl  m  thia 
it  i»  dilficult  to  form  any  conception.  1  think  it  qutti*  conceiv- 
able tlutt  tiii^  ammonia  may  have  originated  from  the  presence 
of  a  little  iu!oti«  ga-1  in  the  oxyfrou  )pM  employed  iii  tlie  com- 
bustiuii  of  lilt'  dill.  At  any  rule,  il.f  quantity  m  so  Mnall,  that 
ill  the  present  »Uite  of  our  kDowled|ro  it  may  be  ni-glrcttnl. 

Oil  of  lemons  and  oil  of  turpentine  appear  to  cooluii  no 
oxygen,  but  tliat  principle  enlera  as  a  coiititiluent  into  all  tfa« 
othvr  voLitilo  oihi  subjected  to  aualy«ia. 

A'olatile  oils  ar«  applied  to  n  great  numl>cr  of  ineti ;  Somi-  of 
them  arc  omployi-d  in  medicine:  some  of  thom,  at  oil  of  tur- 
pontine,  are  much  u§ed  to  disiwlve  resins,  which  are  nfterwnrdi 
employed  as  rarnisliefi.  Not  to  mention  their  employmrat  iiti 
painting  and  in  perfumery, 

on  (ftoTTw.  Oil  of  turpentine,  on  whicli  I  tJall  miike  a  few  observationa, 
m»  cuiulilnling  one  of  the  mi»t  im[H;rliii>t  of  the  volatile  oils,  is 
obtained  by  the  di«tilhiliou  of  various  kinds  of  turjwntitie.  V^liaC 
remains  after  the  distillation  is  common  nm'tt,  which  h  employed 
in  considerable  ((uaiitily  iii  the  maiiufaclurc  of  yr/tow  sttap. 

Oil  of  turpviitine  hi  IrujiKpureiit  iinil  niU>nrl<-'M>  like  water,  i 
hit  a  strong  and  peculiuT  smell  awl  n  hot  acrid  la«u>.  It  begins  tO\ 
boil  usually  ii)>ont  OM'',  but  as  tlie  boiling  goes  on  tlic  boilia|f' 
point  rise«  ut  least  as  high  as  SaO".  It  is  obvious  &om  &k 
that  common  oil  of  turpentine  coustiluteti  a  mixture  of  variou 
oilsf  differing  from  each  other  in  tlieir  voUitility.  When  pasacd 
through  a  red-hot  purceluin  tube  it  ii  decomposed,  a  great 
i)uantity  of  lamp  black  is  deponited,  and  carburetted  hydrogen 
gH»,  mixed  with  a  little  caibouic  oxide,  issues  from  the  extremity 
of  the  tube. 
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r     AdoenUag  to  Sairasure,  jt  ahwrbs  In  4  moiitli*  20  ttmc4  its  f^y^ 

I  roJiune  of  oxygen  ga*,  niid  ii  qiiai>(!ly  of  rarbonic  acid  gas 

I  M|uai  to  16  titaM  iu  volume  may  tben  be  driven  out.     By  , 

lexfMMure  tothc  itir  it  becomes  bron-n  and  tbick.     It  tben  is  J 

Ibund  to  contain  a  good  deal  of  re&ui,  wlnrb  may  bo  tti'|t»nitcd  ^H 

1^  diauUJiijf  off  tite  oil.     If  wu  bttal  it  witli  peroxide  of  Icud,  ^| 

f  npours  of  water  are  exbadvd,  tJic  oil  bcvomes  brown  and  thick)  ^H 

■■I^Bt  Ui6l  (Mii!ililuti=t  mvrttly  n  compound  of  oxide  of  lead  and  ^H 

^^^o(  a  ^eyiiJi  wbiu-  colour.  ^^ 

V     Oil  of  iur|>e[ilLnu  docs  not  dittitdve  well  in  alcobol  unleiui  it  ;*i^",'" 

^  b*  froc  irom  water.     100  parts  of  alcohol  of  0-H4  sip.  ffravity,  j 

diatolvc  IJJJ  parlfi  of  oil  of  turpentine  at  62".     If  wc  a^tate  J 

impure  oil  of  turpentine  with  ^th  of  iu  wvififbt  of  alcohol  of        ^H 

fMSHtp,  gr.  the  spirit  diMolvcs  the  roMiiouK  portion  and  may  be  ^H 

iftonranb  separated.     By  repeating  this  process  three  times  wo  ^| 

dtfirire  the  oil  of  all  ltd  rc-^in^  but  it  retains  a  [tortlon  of  llie  ^| 

llwhol,  wbidi  maj'  be  separated  by  tvater.     By  dissolving  u  ^^| 

Bale  oil  of  turjMiDtiiitt  in  ulcohol  we  give  the  spirit  the  property  ^H 

tf  buminff  with  npk'ndoiir.  ^H 

h  xbtwrbs  n  great  deal  of  muriatic  acid  gsa,  and  formH  by  -^^| 

teiahiutn^  witli  it  the  arti/lciaJ  camphor  discovered  by  KIikL  ^^| 

llJBMtod  oil  pretty  strongly  by  sulphuric  acid;  and  iii  trie  acidj  ^H 

npecially,  if  it  be  mixed  with  a  iguaiiuty  of  sulphuric  act<l,  scti  ^H 

it  m  fire.     It  alu-ayit  Tcddvnt  litiniis  paper,  and  tliercforv  com«  ^H 

vim  a  liltio  add.     Front  tbv  ubtMTVutionB  of  Lccoiiu  and  Ser-  ^H 

ht  thi»  ncid  appears  to  be  the  svccinic,  ^ 

ll  diioolres  by  digestion  ubout  liatf  its  weight  of  sulphur)  uiiibut, 
fonniiiga  red  coluurvd)toluiiijii.     It UagoodMlveittof  iodine, 

■ml  in  cnpabW  al»«  of  dissolvittg  u  little  phosphorus.     It  is  an  J 

FXeellenC  iwlvent  of  resins,  and  constitutes  in  consequence  tho  ^H 

DcdJnm  by  which  various  varniiJie»  are  ol>tained.  ^H 
It  nbtorlw  7J  times  tl»  volume  of  wnmoniucul  giLt,  5  time«  uouxobai 

Its  volume  of  cyanogen  gus.     Sulphiirous  acid  gn«  and  fluo^ilicic  . 

Bcid  gaa  are  ubo  Bl>»ori>ed  by  it  in  coRsidornMe  quantity.     As  ^j 

B  ine«licine,  oil  of  turjientine  possewws  considerable  value.     Its  ^H 

action  de{>en(U  upon  Uie  done.     When  given  in  doses  of  1  or  ^H 

!  dracbniH  it  neto  on  tlic  urinary  orgontt  M>  powerfully  lu  »omo-  ^H 

tiBMs  to  oceobion  bloody  urine.     When  given  inouncedoscalt  ^H 

sttuiulates  ilie  Iwwcls,  and  scarcely  produces  any  effect  upon  ^H 

the  urinary  secretions.     Iu  obstinate  cases  of  costiveness  it  acts  ^H 

with  wore  ccrtjtinly  lliaii  any  other  medicine.     I-'ur  the  tenia  ^| 

it  is  almost  a  spcrilie,  rUscharging  it  in  all  cases  dead.     As  an  ^H 

cxtcriwl  application  in  rheiimaUsm  it  i»  a  medicine  not  to  be  ^H 
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ch^>N.   (|<>s|)iM.-d.     TIic  4juack  iitMlicino  caUrd  eaaancd  of  mustard  i 
rnvruly  a  soluLiori  of  camphor  in  oil  of  tuq>cntti)e. 


SfiCTIUN  Vll.-T-Or  FIXED  01I.S. 

Tlw  fixetl  oil-*,  wLich  iirc  of  suci  cxlcusivo  utiUty  iftii 
arts,  wcrv* kiiuwit  itt n  vi-ry  ivmotc  period.  'I'liev  me  moiitM 
iu  <ieiH.-Hs  uid  duriug  tbe  tima  of  Abraliam  were  even  naed 
ill  liun|)6,*  The  olive  wus  xery  early  cultivated,  and  oil  ex- 
tnii'tod  from  it,  in  £gy|it  ('ecropw  broujrlit  it  from  ^-liis  n 
town  in  Luu^r  J'^ypt?  where  it  Iiad  bovii  imltivutvd  from  time 
imm^mociid,  und  t»u|;i4t  tlie  Atlioiiiutn  to  uxtmct  oil  from  JL 
lit  tliis  manner  (lio  use  ol'  oil  bovaino  known  i»  Curofw.f  But 
the  Greeks  uecm  to  hare  been  ignonuit  uf  liio  method  of  |>r»- 
'Ounu);  I'^ht  by  dk><uu  of  lamps  till  uttvr  tlic  isivf^e  of  'J'ruy ;  at 
kttt  Homer  nwvr  mentions  them,  and  constantly  describes  his 
heroes  us  lighted  by  torches  of  wood. 

I'txun  OILS  iin:  distiiigtiiahed  by  the  following  characters: 
I  LXi<]uid,  or  easily  bccocne  ao  wheji  exposed  to  a  gimlli;  he«t< 

5.  Au  uiietuoiu  foel. 

3.  Very  combiisttblv. 

4.  A  miM  taste. 

6.  Boiling  point  not  uitder  600°. 

6.  Insoltiblo  in  water  and  ni-urly  im>  iit  alouhoL 

7.  Leave  a  grea&y  statn  upon  paper,     .i  i      |i..  mi, 
These  oils  wbieb  are  alaocalled  crpre*»etf<MiB,  are  luunoruut'l 

and  are  obuuiied  parttj'  from  animals  and  (lartiy  Irom  vegetablesi  | 
by  simple  expie»ioii.  A»  iiuuuicivi  lutiybu  mentioned  whale 
oil  or  train  oil,  obtained  from  lite  blubber  of  the  whalv  iuid  fnm 
cod ;  olive  oil,  obtained  from  the  fruit  of  the  olive ;  Unseed  oil 
uid  almond  oil,  obtained  from  iinst^ed  and  aluiond  kenielifc 
Fixed  oil.^  amy  also  be  exlnieted  from  poppy -!>eeda,  lierap*KvilS| 
beech-mast,  uad  many  other  vc^ctublc  »ub»taiioe». 

It  deservct  attention,  tliat  the  only  part  of  \-ege(able«  in  I 
whieh  fixed  oils  arc  futntd  i»  tliu  siH'da  of  bicotyledonous  plants.}  i 
In  animals  they  arc  must  usually  deposited  in  tite  liver,  though  , 
they  are  found  also  in  the  eg^  of  fowhi. 

All  tliesc  oils  differ  from  each  tttlier  in  Mrverul  [MU'ticuLirs 
but  they  also  poasosa  many  partinilare  in  commou. 

1.  Kixcd  oil  in  uHually  a  Itqnicl  with  a  oertain  degree  of  vis-  \ 
ffldity,  adhering  to  the  siiU-K  of  tltc  k''^'^  vcmcIs  in  which  it  is 
otHitained,  and  forming  slreuks.     It  is  never  perfectly  transpa- 

*  Oca.sv,  IT.      f  Ui.TMlot.Ub.  ii.  M  and  02.     |  Foutcro}-,  vii.  310. 
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tvtit,  InvEiifr  ttlwayn  a  crrmin  do^rre^  of  ouJour;  most  nsually 
[l  i«  ycUowiiU)  or  prreiiiitifa.  Iti  Uisto  is  street,  or  mmrly  \aa- 
fii.     Wlivn  iivKh  it  liiH  lilUc  or  no  smell. 

TliiTe  esisi  hIho  in  thu  voKchible  kingdom  a  considerable 

bcr  of  boding  wiiidi,  u  tlie  ordinary  leinperature  of  tlie 

'MaMwptH'ra  nrc  «ulid,  and  itxre  hitlierio  b^rn  ooiutdered  as 

Hxi^  <ril«.     I'ltttn  oil  inny  be  nieiitiMKrd  lU  un  example,  wliicli 

IsB  Imm-11  sobjctinl  to  n  cliemical  exnniinatioii  I>y  Dr.  Bu«tock.* 

I'bo  vorioiis  flub«Unci-»  itM-d  lit  India  aad  Africa  m  sulMtitutm 

for  butter,  and  as  uiig^ueiits,  may  likowiee  be  mentioned.    Most 

flf  them  are  obtauned  from  the  &eeds  of  uvi's ;  <liiri^r<.>nt  species 

cf  ibe  bOMlia,  as  the  but^aeea,  haiftJUia,  talifhlia,  oAtMia/O, 

yield  lilts  butyraceona  uatler.     'i'bey  bavu  ln'on  <lo<!cribMl  by 

Dr.  Roxburgiut     'Hie  tihv*  or  butter  tn-e  of  Africa,  described 

li;  Park,  seems  also  to  bu  a  sptrcies  of  bassia.     These  huI>- 

ManecK,  from  tlie  experiments  of  I>r.  Butilock,  a|ipc«ir  to  differ 

■  Ultte  from  tlio  liquid  ftxed  oils  in  tlioir  propertioi,  and  to  ap- 

ptMch  file  iiuture  of  uiu.     'i'bus  tliey  ure  seiisilily  soluble  in 

i^hol  and  ctber,  aiid  do  not  combine  m>  readily  with  alkalies 

Bt  tlie  fixed  oiLi. 

'2.  All  ibe  fixed  oils  liitlierto  exnmiiiMl  are  li^btor  than 
walur:  but  they  dilTrt  irreatly  from  «iio  uiiotlier  in  spei-ific 
gisrity.  Tbe  sanie  dilferfiice  u  oW-r\'able  in  ditVi'rent  snuiples 
of  tlie  same  «iL  Tbe  foUotriug  (able  contains  tbe  specific  gra- 
vity of  such  oit«  as  have  been  examined : 
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OEI  of  i»lml 

Haxel-iiutaf    . 

Popple*^ 

Unseed} 

Almiitiils].        . 

Waluulst 

Bci-clt-nutl    . 

Hen  I      . 

Oliveall 

Itape-seed||    . 

Cacaoll 

Neut'ii^oot  oil' 
S.  VixtA  oil  tluM  not  begiu  to 
iLore  tlie  boiliu);  jwiiit  of  water.     As  tlie  lieat  increases,  a 
ptcUy  copious  vapour  may  be  mccji  rising  from  it ;  but  tlie  oil 

*  ykholwm'i  JiMir.  xn.  16 1.  t  Ibid.  x!x.  Vit. 

t  Falironi,  t'rvll's  AomI*,  1797,  Ji.  193.  S  Shaw's  Hoyle.  ii.  U9. 

hmL        1  Briison.        **  As  j)teiiarcd  ia  Irdaiul  Tor  luavkiecr). 
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docs  not  begin  to  boil  lill  it  is  lieat«<l  nearly  up  to  the  temper- 

~  ature  of  eOO".*     At  that  u-mperature  it  may  be  distilled  over^ 

but  it  is  uln-n)'9  Homowknt  altf  n>d  by  the  pioo-SK.     Some  niilrr 

and  acetic  acid  a^vm  to  foe  formed,  n  little  charcMil  reUoiiiB  in 

the  retort,  ami  the  oil  obtained  is  lighter,  more  fluid,  and  has 

a  stronger  taste  tlian  before.     Oil,  thus  distilled,  \nts  formerly 

disiitifpiUhed  by  the  name  of  jAUotophieal  oil.     During  th« 

distilliiiion  R  prcat  qtiiuitity  of  heavy  ititl^iininable  air  in  obtained. 

Fixed  oil  wlicn  in  the  stulo  of  ^-jiponr,  tiikcs  fire  on  the  ajw 

Ifiroach  of  an  ignited  body,  and  hums  with  a  yellowieli  vhite 

Bfttme.     It  in  upon  thi^  principle  t)ial  candle?  and  Inmpe  hum. 

r  ^lie  tnllow  or  oil  in  fint  eonvi-rted  into  the  state  of  vapour  in 

the  wiok  ;  it  tbvii  takes  fire,  bihI  supplies  a  RufGcieot  quantity 

of  heat  to  convert  more  oil  into  \lipour;  atul  thi»  process  gocx 

on  while  any  oil  remains.     The  wick  is  ncccjisiiry  to  prcseiita 

BuHieiently  small  quantity  of  oil  at  once  for  the  heat  to  act  J 

upon.     If  the  heal  were  suffitiviilly  great  to  keep  the  whole  ■ 

tn\  at  ihe  u-mpenUure  of  600°,  no  wiok  wonid  be  neeeMsiry,  as 

is  obvioiu  from  oil  catebing  tire  KpoiitaiteouRly  whitn  it  tins  been 

raised  to  that  tempentture.      ^'hen  oil  is  burnt  in  this  manner, 

eitlier  in  the  open  air  or  in  contact  tritb  oxygen  gas,  the  only 

now  prodiicM  obtained  are  ittiier  and  ear/ionic  acid. 

M'hen  exposed  to  the  Action  of  cuhl,  lixeal  oils  lose  tlieir 
fluidity,  and  are  oonvertetl  into  ice,  but  the  freezing  jiotnt  i-arics 
in  dilTen'iit  ail*. 

4.  When  fined  oils  are  exposed  to  the  open  air,  or  to  oxygen 
gaSj'tl'ey  undergo  different  clianges  according  to  the  nature  of 
the  oil.  All  of  them,  us  for  as  experiment  has  gon»",  have  the 
property  of  alworbtng  oxygen,  and  by  uniting  witli  it  they  be- 
come more  and  more  viMriil,  and  terminate  at  hist  in  a  solid 
state,  being  np|>arenily  Kaluretetl  with  oxygen.  Now  there  are 
some  oiI«  that  retain  their  tramqiarency  after  they  have  bccooic 
solid ;  while  othent  become  opaque,  and  assume  ilw  appcanmcc 
of  lalioH'  or  wax.  I'bis  eircMmslanoe  ha»  given  occasion  to  the 
division  of  the  fixeil  oila  into  two  cIiism>8:  Those  that  remain 
tran>|iiin'nl  are  calU-d  ilrtituff  oilx,  while  those  Uuit  become 
opiMiup  are  called  fnt  oils.  To  these  two  we  may  uiUl  a  third 
chiss,  namely,  those  that  are  pre«ente<l  by  nature  in  a  solid 
stale,  which  we  shall  i-nllu>li<l  oiht,  Leius  taheaviewoftliese 
three  classes  of  fat  oiU  !n  succession. 

•  Linaeed  oil,  accofJIntc  to  Mvneau,  boil*  at  iWC.  Ann.  de  Chim.  »c. 
let.  Wlinle  ml  boit«  nt  C40*,  viil  may  bv  heated  up  lo  SM*.  AAcr  being 
dUlillcd  over  ii  bciljt  M  \\(f. 
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DRVING  OILS, 


,  I.  DfyiiOT  OtU. 

be  principal  (lr3rinB^  oilt  atv  lh«  ftillowuiK  '■ 


litetl 

ulU. 


).  i,inH-«<l  oil.  from  lite  scvds  of  Uiiiim  uNiutbeimum. 

"2.  Walnut  oil,  from  the  seeds  of  jugbnt  rc^ta. 

■Il  H(^ni[t  <a\,  from  tlxf  seetU  of  omnabis  esliviL 

4.  I'ufipy  oilt  from  tin:  »epAn  of  |3Gipavcr  somniffnim. 

6.  Outor  oil,  from  tliv  s^nAt  of  rkiiiiiJ)  i^inmuim. 

8.  Croton  oil,  from  dtc  seeds  of  crutoti  ti^liiun. 

7.  GTB|>e-see«l  oil.  frata  tlie  seeds  of  vitis  vinifiYii. 
El.  Ntf{h»bnile  niL  from  llie  seeds  of  atrojw  l>i?41adoniui. 

9.  'I'ohftcc-o  oil,  from  the  s«edfl  of  nicoliana  tabocum. 
">|0.  Hpnt)an««il,  from  tlie  mwIs  of  liyowyamus  nigrr. 

II.  Sanfk>W«f  oil,  from  the  m.iiU-  of  lioliiuillnis  annuus. 

I'i.  CreSB  oil.  from  the  si-eth  of  li-pidium  KtUvmn. 

UoubdcEs  drying  oils  may  be  obifiineil  likewtsv  from  various 
crtiiT  plants. 

Tlwse  Otis,  ill  Uieir  niUiind  stato,  po«seM  Uie  property  *f  2S^ 
ibytn^  iiiU  but  impvrfrctlv.  To  pn-jum-  tlifm  for  the  use  of 
the  paiouv  iuid  i-iiraish-maker  Uiry  are  boik-d  for  »oflu>  lime  in 
a  iron  pot  By  this  process  tbey  wm  partly  decompofle^t; 
lUtadance  of  watery'  vapour  and  of  carburctlnl  liydn^itn  gM 
il  seponted  from  lliem.  They  become  deeper  colournl,  iifi<i 
scqaint  ffrrWer  consistcnry.  It  iit  common  for  some  purpoe«A 
loset  them  on  fire,  to  allow  tbrin  lo  burn  for  some  lime,  to 
I'ltii^isli  them  by  eoTcring  up  tlie  vessel  iti  which  tl>i-y  are 
ewtained,  and  to  eoutmue  Uie  bailing;  till  th«y  acqiiin;  tii* 
proper  dq^rec  of  viscidity.  By  this  ])coceM  ihey  lose  ihcir 
aitctuouK  quiilily  in  «  |^-at  tnriiMiro,  m  ns  not  lo  leave  a  greasy 
Mud  upon  paper,  and  approach  tho  nature  of  rcsinN,  with  tliis 
dilierenee,  thut  tiicy  do  not  become  brittle,  but  retain  a  decree 
«f  toughness  and  ductility  nut  unlike  what  in  this  country  ia 
called  iprmtgkl  rosin,  or  rihoemakors'  ra^in.  It  is  common  also 
in  preparing  the  drying  oils  tu  boil  them  with  a  little  litharge. 
The  chanfTi-  which  happens  to  the  oila  by  ibis  process  has  not 
been  precdsely  ascertained.  Proliobly  titey  alMub  oxygen  from 
the  air,  and  we  know  tliat  they  undergo  a  partitd  dceompotltion. 
M'brii  they  burn  for  some  time,  their  unctuooa  quality  n  much 
morR  completely  destroyed  tlian  by  any  metliod  wbieb  hns  yet 
been  pmctiHtKl.  Hence  it  is  followed  trequently  in  preparing 
the  drying  oiU  for  ramishcs,  and  always  for  printers'  ink,  which 
requires  to  be  as  free  as  pouible  from  all  iinctuo^Ey. 

Kut  oil  has  been  found  preferable  to  all  other  oils  for  priiXen' 
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KEITTBAL  COMfODKDS. 


rrtatm'  ink. 


itxuf.  ttL  iak ;  tliougli  the  dark  colour  whidi  it  BC(|uircs  during  boiling 
renders  it  iiot  so  proper  for  red  ink  as  for  block.  Linseed  oil 
is  coiisidi'ri'd  at  next  aftt^r  nut  oil  in  ihw  respecU  Otlicr  oils 
oiiniiot  be  employed,  because  tliey  cannot  be  «itiffiriciiUy  frewl 
from  tbcir  uiicliioNity.  Ink  mtulc  witli  tlHwn  would  be  »pt  to 
come  off  and  ainvKr  tliu  puper  while  in  tli«  haiidii  of  tb«  book- 
binder, or  evtiii  to  spread  beyond  tlie  murk  of  tlie  Ij-pes,  and 
stain  the  paper  j'ellow.  Tbe  proce«a  for  ptaking  printerii'  ink 
18  a*  folluvrii : 

Tbe  oil  w  niiKlft  lo  boil  in  ui  iron  pot  only  luilf  filled,  s«t  on 
tire,  and  allo^^'od  to  burn  for  half  an  hour  or  more,  then  boiled 
^iitly  till  it  acquirer  the  proper  coi»iMence.  In  tltiti  state  it 
xa  cfllled  tfav  roT-KMA.  Two  kinds  mv  prepared,  n  thicker  uul 
a  tliiiinor.  The  thicker  is  of  such  ii  connotence  that  it  dmi's 
into  threads  when  cold  Uko  weak  glue.  Tlii*  vaniUh  is  iiAcr- 
wurd<  ground  with  lamp-black  in  the  proportion  of  two  oiincctt 
and  n  half  to  wsteeu  ounces  of  oil.  When  newly  prppared  oil 
is  uM-d  for  making  ink,  it  is  said  to  be  itecewiiry  to  add  n  little 
boiled  oil  of  tnrpcn'iiu;  and  a  Hi  tic  litharge;  but  this  is  said  to 
have  the  effect  of  causing  ibc  ink  to  stick  so  firmly  to  tlie  typv«, 
that  it  can  wilh  difficulty  bo  remored.  Old  oil  doM  nntr«qain 
tliis  addition.* 

Oil  prepared  by  the  procem  above  doKrribed,  ts  »till  insoluble 
in  alcohol  and  water,  but  it  unite«  rmdily  tomor«  oil.  Ittlrie* 
into  a  lough  mass  like  turpentine,  and  afterwtutlK  U  vcarcelr 
»u«ccptilile  of  uniting  with  oil.  Dr.  Leww  fotind  that  tinxrcd 
oil,  when  thus  converted  into  a  thiok  vnnilMh,  Imt  jLih  of  its 
weight;  when  boiled  till  it  boaune  quit*- stiff  when  enld,  It  lost 
nearly  one-half  of  its  weight.f  The  property  whicli  printers^ 
ink  has  of  adhering  to  moistened  paper  &bown  (luit  (he  oilv 
nature  of  tlic  b<Kly  is  greatly  altered.  In  some  rospecu  it  h» 
nppronclxxl  llie  imture  of  mudlagv,  Uioiigh  in  others  Uic  <Uffer- 
enco  is  very  great. 

II.  Fat  OiU. 
The  princi(<«l  f:it  oilt  are  the  following : 
I.  Olive  oil,  from  the  fniit  of  the  Olea  Kuropo>a. 
Q.  Almond  oil  from  the  amygdalus  communt*. 
.1.  Rape  oil,  from  the  brasHCft  rnpa. 

4.  MuMtnrd  oil,  from  sinapis  alba  ;uid  ni^m. 

5.  I^umb  oil,  from  prunuH  domestita. 


I 
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SOLID  OILS. 

6.  Beech  oil,  from  £n^*  sylvitue». 

7.  Hoxvl  oil,  from  coryliu  avcUana. 
Oil  of  ante. 

Oil  of  ?tnp>> 

10.  Trans  or  wlmJe  oil, 

11.  S(>eniwtceu  oiL 

Wliru  oil  IK  [Mtuml  upon  water,  so  as  to  form  a  tkin  layer 

CO  ibsill&cr,wid  ts  in  tlmt  tnitiuiorexjxtsrd  to  tlic  ntin««))1icr<', 

tKew  changM  arc  prodiuW  nnu-li  woiicr.     Ik-niu>llct,  who  tirst 

eiamined  tii€«e  phenomona  with  Btt«i)tiaii,  ascril^ed  tliem  to  the 

Mtitiii  ol'li);lit;  but  Seniiebicr  obser\'efl  llmt  n»  nuch  clian^e 

«M  pr*>(luL-«(l  on  tlu!  oil  llioui^ii  «\'er  m>  Ioiiq;  exponcil  tn  tho 

lil^:,  provitled  atmectpberical  air  wn3  fScliKli'^i ;  hiil  that  it  Ivok 

^Boc  III)  ihc  a<lntmion  of  «ayKf»  ff"*,  wliutiicr  llic  oil  wui 

tx|^(MFil  to  tlic  li|{hl  or  no4.*     It  onuiiut  be  doubted  tlieiii  that 

itb  oirin^  to  the  action  of  oxyt^cn.     ll  in  supposed  at  prcttent 

in  be  Uie  coftseqiieace  of  tbo  simple  abaorptiuu  «J'  oxygen  and 

in  t«nUDati<Hi  witb  tbe  fat  nib. 

111.  Solid  Oili 

Th«  principal  solid  oils  arc  tlie  following : 
1.  Cacao  butteri  from  thciibromn  cacao. 
JL  Fain  oil,  from  cocos  bulyiacca. 

3.  MiMMt  lwl«un,  from  myristira  officinalis. 

4.  IjiutvI  oil,  from  lauru»  iiobilim 
£.  Japan  wax. 

6.  Myrtle  wax,  from  myricn  cetifora. 

7.  (tciea'  wax. 

d.  Ci>cu  oil,  from  cocos  nucifera. 
9.  BuUur  of  fraliim. 

10.  Hog'a  lurtL 

IL  ConuBon  buttor. 

I9L  TaUow. 

lliese  fwlid  bodies  ditTor  from  each  otlicr  %'cry  much  in  tlic 
Unperatitre  at  which  tliey  become  liquid.  Palm  oil,  which  is 
used  in  tliiti  country  to  give  common  sonp  a  yellow  colour, 
nelta  at  64^ ;  jajMin  nax  melts  at  uWut  9^". 

We  arc  indebted  to  the  invoitigatioiis  of  Cbcvrcul  for  a 
peat  (lejil  of  important  information  reiipecting  tbo  fixed  tMla, 
He  awciTtaincd  tbiil  lliey  are  all  compounds  ooDStHting  of  two 
or  three  different  Bubstuuco*,  wliicli  may  be  eepuniU'd  by 


■  Ann.  dc  Chim.  xi.  80. 


8frl 
.va 


liitoruiii 


KRCTRAL  CUMPOt'NDS. 


procMaes  which  he  pointed  iMit.  These  mibstances  he  has  <lLt- 
tin^uiifliod  l>y  tlic  names  of  utrarine,  rlttint,  cetitie,  jffiocntinr, 
bnlyrine,  hirdne,  aiiil  c/tattistirnnt:  Kel  iw  t»kc  »  view  of  Uic^tc 
seven  substaiioeo,  whicli  may  bo  consideroil  as  tlie  6nt  prin- 
ciples or  constiltieiitii  of  oily  bodies  in  general. 


I 
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1.  SteariiK. 

wmmj-  Tilis  Buh«tnnce  wa«  first  (iewribed  by  Chevreul  in  1814.* 

It  Wikx  pointod  out  likewise  l>y  Bnicotinut  in  1U)5,  who  did 
not  seem  nnitrc  of  whut  had  been  previously  done  by  ChevreuL, 
or  nl  U-it»t  took  no  notice  of  it.f  m 

It  appears  from  the  experiments  of  ChetTeul  that  tallow  and  f 
animal  fat  of  every  kinil  \%  a  mixture  or  combination  of  (wo 
duUiicl  oily  substaiiccH.  'Hie  first  of  thefte,  which  i.i  Hulid  at 
Ih*  tuuul  toinperatiire  of  tlie  air,  h«  has  called  tfairineil  to  the 
second,  which  i^Iiquidai  the  same  temperature,  he  hus^ven  the 
name  of  thiiK.^  From  the  experiments  of  Dracoonot  it  wouhl 
appear  that  the  fixed  oils  of  the  vegetable  kingdom  have  tbft 
same  composition. 

rnsi-ioi^,  Chi-vrcul  obtained  ttrartHt  from  hog's  lard  by  tlic  following 
process.  The  bird,  purified  as  completely  as  possible  from 
fore^i  matter,  was  heated  in  boiling  alcohoL  When  the  alco- 
hol cooled  it  (Ic-poMiti'd  white  crystalline  needles,  which  were 
Stearine.  'J'liis  process  was  repeated  till  the  whole  of  the  lard 
was  dissolved  in  the  alcohol.  ||  The  strarinc  thus  obtained  in 
crystals  was  dissolved  a  second  time  in  alcohol,  and  allowed  to 
separate  in  crystals.  Hy  this  process  the  whole  of  the  eluine  H 
not  sepurated  from  the  stcartnc ;  though  probably  tiie  quantity 
which  remains  is  not  conttiderable. 

The  method  employi-d  by  Itraconnot  was  very  wmple.  and 
scorns  to  show  tluit  in  fixed  oily  bodies  the  stearine  and  elaiiic 
are  not  in  chemical  combination;  but  merely  mechani<»lly 
mixed  witli  each  other.     If  the  oil  to  be  examined  n-as  Uquit^. 

*  Ann.  do  Cliim.  iciv.  I  if!).  Sec  nl-io  Ann.  de  Cliun.  xcir.  74,  and 
ClievTful  Hir  In  corpx  jcnu,  p.  ITR 
\  Ann.  ltd  Chim.  xciu.  iHt.  )  From  ma>,  tallow.  $  Prixn  4X1W1,  oil. 
I  TI10  proccu  i:i  HTcntly  laciliUled  by  uiing  absolute  ali-ohol.  For  the 
toliibility  of  xcnrinc,  in  nicolwl,  diminwhca  aX  a  much  greater  rale  than  the 
strcnph  of  Uiut  liqnitl.  Chcirciil  found  thut  boiling  bIcoIkiI  of  the  tpu gt. 
0'7&06  dinolvcil  more  than  itx  vrci)(hl  of  tteurine. 

Alcohol  of  the  ip.  gr.  0-;92.&  dtwolved  >^)^< 
Alcohol  of  the  op.  ff.  <f%Q&  diiMlvcd  f '^. 
Alrohol  of  the  «p.  p.  0*681  diawlrtd  jgg. 

Ann.  ds  CUoL  et  Pbfs.  il ; 


I 


STEARIXE. 

Jt  to  colA  titi  it  MiigL'at(^.     In  thU  congealed  state 

subj<>rt«-(l  lo  ttron^  |>rc«iur«  between  folds  of  blotting 

r.     Tlie  plain*  van  imliilird  by  tlic  paper,  anil  Uic  su-arine 

iiied  behind  in  n  solid  ntnio.     If  tbc  oil  to  be  e.xaniitied 

Itih  already  volid,  it  wn«  not  'nNC!»ary  to  expose  it  to  cold.    It 

simpljr  subjected  to  presstire  betvt'een  fold^t  of  blotting 

^■■tltirine  obtained  by  ifipsp  proc«s«i<«  is  wliito,  brittle,  and  lias  itomti*. 

HKHnriuit  tbc  apponnnicc  of  wax.    It  Itas  little  or  no  smell  wlivu 

f  pw*.     It  vi  tastclr«,  nnd  prodnce^  no  ebange  on  vogctubic 

bluCT.     Stcurine  from  bog's  lard  becomes  liijuid  wlien  beiUiHl  to 

the  tmnpeniture  of  10!>*.     But  there  is  a  eorHiilvrublc  diScr- 

mte  in  the  melting  point  of  the  stcarine  from  diiTc-rcnt  bodies. 

IrW"!  will  appear  by  tlie  following  tabic." 
Sk-arine  from  human  tallo^r  fiiaes  at  .         .         120° 
she«p 109 
K'                         oxen Ill 
P"                        I'Off 109 

duck 109 

It  it  folable  in  nleohol,  but  the  stoarinc  froTririiffereiit  bodies 
nrin  unnevhat  in  iu  solubility.  'Diis  mil  appear  by  tbc  foJ- 
loTiBg  (able,  f<ir  tlio  experiment  contained  in  wliieb  we  are 
R«ii»e  itid«bU'd  to  Chcvroul.  100  piirtt  «f  Imiling  alcoliol 
trf  tic  specific  gravity  0*7952,  dissolve 

2l'50  of  stearine  from  man, 
Hi-07  of  Ntearinc  from  tlie  sheep, 
IS-iS  oFfttcarine  from  the  ox, 
I8'25  of  8tvarinc  from  the  now, 
9tt-00  of  stearine  from  the  duck. 
MTwn  stearine  is  digested  witli  an  alkaline  siibslanct*  die 
flMttvt  ])art  of  it  U  converted  into  soup,  only  a  small  ]>ortion 
irfil  becmnc8  the  sweet  ]>rineipU'  of  oiU,  antl  a  slill  smaller  is 
Kttie  Rcid.     The  foUoM-ing  table,  likewise  drawn  up  by  M. 
ClevTCul,  gives  the  proj)ortion  of  stearine  from  different  bodies 
lumcd  into  M>ap  by  the  action  of  potash,  and  tbc  proportion 
■tu  continued  soluble : 


ass 

-  VII.      1 


^ 


e.      ■        e                      ^  Portion  saponified     . 
St«anneofman    .    .    ^  p^^^,,  ,„  „hi,    .    . 

.     94-9 
5-1 

1000 

■  Cbevreul  t  Ann.  dc  Cliim.  cl  Pliji.  !i.  303. 
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HEUTRAL  COMPOUNDS. 


Stearine  of  the  sheep 


Stearine  of  the  ox  . 


Stearine  of  the  hog 


Stearine  of  the  duck 


lO(Ht 

1  Stearine  usually  crystallizes  in  small  needles,  and  when  a 
quantity  of  it.  is  melted  and  allowed  to  congca],  the  suiftee 
becomes  very,  uneven. 

Stearine  &om  man,  when  saponified,  is  converted  into  eua- 
garic  add  alone,  while  stearine  from  the  sheep  yields  both  mai> 
garic  and  stearic  acids. 
caataMai.       The  Constituents  of  stearine  iirom  sheep,  as  determined  by 
Chevreul,  are 


r  Saponified    . 

;. Soluble    .     . 

94-6 
5-4 

100-0 

' '  Saponified    . 
i. Soluble  .     . 

.      95'1 
4*9 

100-0 

' '  Saponified    . 
i. Soluble    .     . 

94'6S 
S:85 

100-00 

1 '  Saponified    . 
;_  Soluble  .      . 

94-4 
5-6 

Oxygen 

Carbon 

Hydrogen 


9-454 

78-776 
11'770 


100-000 
Tliis  is  equivalent  to 

2  atoms  oxygen, 

22-228  atoms  carbon, 
19-92    atoms  hydrogen. 
If  we  adopt 

I  atom   oxygen, 
li  atoms  carbon, 
10  atoms  hydrc^n, 
it  is  evident  that  it  might  resolve  itself  into 
1  atom  carbonic  oxide, 

1  atom  of  a  carbo-hydrogen,  composed  of  10  atoms  carboB 
and  10  atoms  hydrogen. 


EJaiiie  may  be  obtained  from  ibe  tallow  of  difTercnt  animals  rrrpmUdo. 
Clievreul'A  pnx.'O^.     He  iliitHolve^  tbe  tallow  in  alcubol, 
rUows  die  8tearinc  to  cry»tAllizc,  and  ibeii  distils  olT  tlie  aJco- 

P^l  from  th«  claijie.  nmconnot's  metbod  nppcura  of  casivr 
execution,  and  will  probably  yioM  claioe  of  greater  purity, 
Ue  procoreH  his  st«arine  by  sut>jectin|r  (be  tallow  to  preiisiire 
between  folits  of  blotting  paper.  The  pajM-r  imbibes  th«  ciMne, 
To  sepamie  it  bo  Munkn  tlic  pajior  iii  u-utrr,  luid  subjects  it  to 
preSKure,  tlw  cbtiiie  is  forced  out,  and  may  easily  be  collected 
^and  examined. 

^L  It  hu  very  much  tJic  appearance  of  a  vegetable  oil,  an<l  is  r»i«iiiM. 
^^bfee  liquid  at  the  tt^Tiiperntureof  59",  Sometimciit  is  colour- 
^^Sfeind  doHtilutc  of  vmell ;  but  moKt  comtiioiily  it  lias  bolli, 
nrinf;  to  tltc  presence  of  foreign  bodies  from  wMcfa  it  is  not 
pMsible  to  free  it,  Cherreul  exa[Din«d  particularly  elaine  from 
A<  tallow  of  man,  tlie  xlieep,  the  ox,  tlie  hog,  tbe  jiifruar,  and 
Tbe  following  are  the  pro))ertics  of  each : 
Ebime  qfman — yellow,  witliout  smell,  of  tlic  sp,  gmTity 

Mia 

S,  Elaine  of  the  aA«-/>— colourless,  a  slight  smell  of  mutton, 
•!>.  gravity  0-916. 

S.  FJaiae  of  the  o»-rcolourless,  almost  witliout  emcU,  sp. 
Stnity  0-913. 

4.  Eiaine  (^  the  hog — oolourletf,  almost  without  smell,  sp. 
pinty  0-91 5. 

5.  F./aine  ofthfjayuar — lemon  ycllotc,  baring  an  odour,  sp. 
pavity  0UI4. 

8,  FJam.  oftheffoott — olightly  yellow,  almost  without  smell, 
T-  parity  0-920. 

Tbe  solubility  of  these  different  varieties  of  elaine  in  alcohol 
rfllie  1^.  gravit)'  0-7952  was  as  follows: 

1.  IliaiHf  of  Mtut — 100  parts  dissolved  in  81-08  partu  of 
bailing  alcohol,  ibc  solution  began  to  become  opaque  at 
l"0*, 

2.  Ehiinf  of  the.  jiAr-T*— 100  paM»  were  dissolred  by  81-17  of 
tkaliol  at  the  tvm[K>rmlure  of  167%  the  Liquid  became  muddy 

a.  FJaine  tf  the  ox— 100  parW  were  dissolved  by  81  -03  of 
klodbol  at  the  temperature  of  Il>7°,  tb«  liquid  became  muddy 
M  145". 

1  *'^"'iM  at  tt"  Acff — 100  puTiB  were  dissolved  by  81-08  of 
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'  CMpm.  alcohol  at  the  temperature  of  167°,  the  liquid  became  mi 
at  143"|. 

5.  Elaine  ofthejagmr — 100  parts  were  dtssolred  by  8 
of  ^eohol  at  die  temperature  167°,  the  liquid  became  mi 
at  140°. 

6.  EkoM  ofUt£  gooae — 100  parts  were  dinoKed  hj  Sii 
alcohol  ctf  the  tempetature  167°,  the  liquid  became  mwUy  i 
eooled  dawn  to  ISi". 

When  these  different  Tarietiea  of  elaine  vere  digested 
nifficient  time  with  potash  lye,  by  fai  the  greatest  pari 
Mnrerted   into   soap.     But  the  soluble  portion,   cdnn 
chiefiy  of  the  sweet  principle  of  oils,  was  rather  greater 
the  quantity  formed  when  stearine  was  saponified  in  the  : 
way.     The  following  table  exhibits  the  propcniionB  of  e 
saponified  and  converted  into  sweet  principle,  when  the  e 
riment  wss  made  with  the  different  rarieties  abov«  specifi 
1.  Elaine  from  the  sheep,  hog,  jaguar,  and  goose. 
S^onified      .         .         .         M 
Soluble  .        .        .        11 


3.  Elaine  of  the  ox. 

Saponified 
Soluble 


100 

7-4 


lOO-O" 
To  give  the  reader  an  idea  of  the  proportion  of  stearbf 
ettioe  in  different  varieties  of  fixed  oil,  animal  and  veg«t 
I  shall  insert  the  following  table  exhibiting  the  proportidt 


Butter 
Hogslard 
Beef  marrow     , 
Mutton  marrow 
Goose  &t  . 


*  Cberreul ;  Ann.  de  Chim.  et  Phjn.  n.  366. 
t  Ann.  de  Chim.  xeiiL  SEA. 


nined  by  bis  experiments : 

CStearine 
'       i  Elaine 

.     40 

.     60 

C  Stearine 
*       I  Elaine 

.  sd 

.     02 

C  Stearine 
*      I  Elaine 

.     76 

.     94 

Stearine 
•       i  Elaine 

.   as 

.     74 

CStearine 
*       2^  Elaine 

.    3S 

.     68 

^■1^^^^ 

CBTI NE. 

^^^^P 

3«7 

Duck  fill 

C  Stcarliio 

.     38       . 
.     73 

telVlL 

Turicey  fet 

'   St4:imtie 
(.  1-liuirio 

.     26 

.     74 

Olive  oil            , 

C  St^^arillc 
i_  Elfiiiic 

.     38 
.     .     73 

1 

Aimond  <ril        . 

C  Stearinc 
/  bllaine 

.     84 

.     76 

1 

Oil  of  cola        .         .      S^.*^'"*'     •      •     *^ 

^  Luune              .     54 

llic  eanstitueiitfl  of  elain*;,  us  dirterminnl  by  ChovKtil,  are 

1 

Wf              Oxygen 
^H              Carbon 

9-H87 
78-566 

CrniFSiKliin. 

^K              Hydrogau 

11-4^ 

17 

to 

^^                                                  lOO-Ot 
y<*c  numbers  are  etjuivaleni  to 

^^b                              1       atom   oxy^n, 
^^"                            10-4^uUimH  curbou, 

r                                    9-17  atams  hydrogen. 

Pm  we  to  adopt 

I  atom   oxygen, 
1 0  atomn  cnrtMHi, 
9  atdinv  Lydrogcii, 
Lbtlieirue  cututttutjoii,  then  vu  miglit  comider  it  as  a  oom- 

";of 

I  atom  carbonic  oxido, 

1  alum  uf  a  aaho-iiyiirogen,  composed  of  9  atoms  carbon 
and  0  atoms  IiydrogeA. 

I  would  reduce  the  difference  between  Btearioe  and  claiuc 
I  one  atom  less  carbon  and  byilrugen  in  the  carbo-liydn>geii, 
'  which  the  Uutcr  is  chiefly  oomputtcil. 

a  Cctinti. 

The  Bpennaceli  of  commercr,  rn>m  whieh  cetine  wa*  ex- 
baeted  by  Clievrcul,  aluiiys  conuiinis  a  yellow  oil,  frum  which 
it  wai)  freed  in  the  following  manner : 

^  aOpartfl  ofsperniacetifusiMe  at  111"  were  triturated  in  50  Pift^niion. 

^irta  of  cold  iUcohol  of  the  s(iecific  gravity  0-gt6,  and  tlie 
mixture  vra*  left  for  '24  hours  at  a  temperature  of  about  (id"  and 
ihen  filtered.  The  undissolved  Ti-jidiie  was  treated  with  100 
parts  of  boiling  alcohol  in  a  flask,  and  tl>e  whole  allowed  to 
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cti4>.iiL  cool.  The  crystals  and  the  uDdissolved  portion  wen  treated 
with  successive  portions  of  boiling  alcohol  till  the  alcohol  when 
evaporated  ceased  to  exhibit  any  traces  of  oil.  The  residual 
matter  was  considered  as  pure  celine.  It  melted  at  the  tempe- 
rature of  120°. 

mtaom.  On  cooling  it  crystallizes  in  white  brilliant  plates^  At  the 
temperature  of  about  680"  it  may  be  volatilized  without  decom- 
position. It  has  a  very  slight  smell,  but  is  destitute  of  taste. 
It  is  insoluble  in  water.  100  parts  of  alcohol  of  the  ^>edfic 
gravity  0*621  dissolve  2>6  parts  of  cetine,  the  greatest  part  of 
which  is  deposited  as  the  solution  cools  in  crystalline  plates 
having  a  pearly  lustre.  Cetine  produces  no  cbtmge  on  vegetfr^ 
ble  blues . 

Potash  converts  it  into  ethal  and  margaric  and  oleic  acids. 
When  heated  sufficiently  in  an  <^n  dish  it  takes  fire  and  bunts 
like  wax.  Sulphuric  acid  gradually  decomposes  it  when  asasted 
by  heat  The  action  of  nitric  acid  on  it  is  simitar  to  theactitm 
of  the  same  acid  on  stearic  acid.  The  constituents  of  cetlncj 
as  determined  by  Chevreul,  are  as  follows : 

C"»F«*»~'  Oxygen  .         .  5-478 

Carboo  .         .         61-660 

Hydr<^n       .        .        12-869 


loo-ooo*. 

These  numbers  give  us  the  atomic  comdtution  of  cetine  as 
follows: 

1*      atom  oxygen, 
19-8    atoms  carbon, 
18-75  atoms  hydrogen. 
Perhaps  we  may  adopt  Uie  following  atoms  as  cotnii^  suffi- 
cientiy  near  the  result  of  the  analysis, 
1  atom   oxygen, 
20  atoms  carbon, 
19  atoms  hydn^n. 
This  would  make  cetine  a  compound  of 
1  atom  carbonic  oxide, 

1  atom  carbo-hydrt^en,  composed  of  19  atoms  carbon  and 
19  atoms  hydrogen. 
Or  if  we  consider  the  carbo-hydrt^n  as  the  same  as  ensts  in 
elaine,  then  cetine  contains  only  half  the  oxygen  that  exists  in 
eliune. 

•  Sur  les  corps  gras,  p-  170, 


BUTYRINE. 


05<J 


4.  PAocaiine. 


«M.  Vll 


I 


This  otihsitancc  was  extracted  by  Chcvrcul  from  tin-  oil  »f 
tiiv  ilfl]>liiiiu.i  [iliocaona  or  oommoii  ijorpoix,  in  tbe  following 
maiiiU'r : 

1200  parts  of  pofpoiso  oil  wore  mixcii  w'lih  1  SO  parts  of  atco-  rnr^uion. 
boi  of  the  spcciJic  gravity  0-797  and  Blij;;litly  Iioatvil,  ihe  wliolv 
m  dlMolrcd.  AfUT  'J4  hours  the  alcohol  wliich  swiim  on  the 
•ur&ce  of  tlic  oil  was  decanted  oA'aiid  diBtillcd.  There  remained 
u  acid  oil  of  tlic  s])wific  gravity  0*9'1l  at  tbe  temperature  of 
61".  It  was  deprive«I  of  it«  acid  portion,  and  then  treated  with 
Viitk  cold  alcohol.     liy  tliiit  invaiit  pliocvnine  was  obtaine<l. 

It  b  n  very  iluid  oil,  baring  a  B])ociiic  gravity  of  0-954.  lla  mi-cRicx 
odour  is  ulight,  but  peculiar,  and  liavinjr  »ame  resemblance  to 
llat  of  pboocitic  add.  It  docs  not  act  upon  vifrcud)le  colours. 
Alcobol  dissolves  ic  in  great  al>undancc  when  ussistcd  by  heat. 
Wli«n  a  dilute  alcoholic  wlution  is  distilled,  the  phoccnine 
Tenaiiiliig  has  acid  properties;  hut  the  c|uanlity  of  iu;id  fonncd 
ii  very  hduUI.  When  100  parts  of  phoconine  are  treated  with 
INAasb,  tliey  iire  converted  into 
l^ire  ])lioceDic  acid 

t        Oleic  acid,  hydrous 
Olyocrine*  , 

cvrei 
ct  oi 


82-62 

&9-00 
13-00 


I 


0.  Butyrine. 
cvreul  fouiul,  on  examining  butter,  thiit  it  contained  two 
ivt  oily  bodies ;  iK-sides  a  iwlid  con.stitutin^  a  variety  of 
Utorine.  One  of  these  oils  possessing  peculiar  properties,  he 
gave  it  tbe  name  of  butgriiK.  lie  obtained  butyriuc  by  the 
following  process : 

The  butler  was  fijirt  freed  from  all  traces  of  biitlermilk.  It  i-wpuwii™. 
ms  then  cooled  very  slowly  in  a  deep  porcelain  diMli,  and  ki'pt 
Jar  some  days  at  a  temperature  of  OS",  By  degrees  it  jteparated 
bito  a  ^mauliir  i>uIi!>tiinco,  consisting  of  stearine,  MtiU  retaining 
a  ocrUun  imition  of  the  two  oils  of  butter,  and  u  Uipiid  I'On.KiNt- 
fnff  of  tlie  two  oils, still  retain uig  in  solution  aportion<»fstear]ne, 
"niis  liquid  [wrliun  being  filtered  was  found  to  possess  the  fol- 
lowing properties:  Its  colour  was  yellow,  and  its  taste  and 
•mell  similar  to  that  of  butter.     At  66^  its  specific  gravity  was 

*  By  thn  a  mcnnt  the  .luwl  |>nncii>le  armla  tliacovered  by  ScIicl-Ic. 
■f  Cbcvrcul,  Hir  tu  cotjik  gnu,  |>.  ItW. 
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|,.aw  m.   0'922.     It  did  not  act  upon  blue  vegetable  colours,     100  parts 
'      ~"      of  alcolioi  ot"  0"821  dissolved  6  jwru  of  it  whoii  a^^istcd  by  a 
boiling  beat. 

88  parts  of  this  liquid  oil  were  mixed  in  a  flask  witb  66  parts 
of  ulcobol  of  tlic  specific  gravity  0'7ftO.  ITic  mixture  «» 
a^tated  and  left  to  digest  fur  '24  buiin  in  tlie  temperature  of 
66*.  The  alcohol  «-*»  drawn  off  alter  24  houra,  and  replaced  I 
by  176  parts  of  new  alcohol,  which  was  dtaun  off  in  ifH  luni 
uft«.T  21  liount,  and  17(1  parte  of  new  alcohol  substituted.  Thit 
last  portion  dissolved  the  whole,  but  when  the  alcohol  was 
allowed  to  cool,  a  portion  of  oil  precipitated.  Tlie  alcohol 
was  separated  from  the  solution  by  a  cautious  distillation,  'llie 
residual  oil  containeda  little  acid,  which  was  ri'moved  by  dige»> 
tion  with  magnesia,  mid  then'w'iuhing  witli  water.  I'hiui  puri-  ■ 
fied  it  was  butyrine  in  a  state  of  purity,  f 

pispenin.  Butyrine  thus  obtained  is  very  fluid  at  66°,  and  has  a  specific 
gravity  of  O'OOB.  It  is  usually  yellow,  but  this  colour  is  not 
essential  to  it,  an  some  butterH  give  a  butyrine  quite  white.  IC  fl 
bat  a  »mcll  similar  to  that  of  liuttcr.  It  does  not  ciinReal  when 
cooled  down  to  32".  Il  has  no  action  on  vegetable  colour*. 
It  is  insoluble  in  water,  but  alcohol  of  the  specific  gravity  0*632  ■ 
dissolves  it  in  any  proportion  whatever,  at  a  boiling  tempera- 
ture. Asolulionuf  20  p.^rts  of  butyrine  in  100  alcohol  becomes 
Opaque  on  cooling;  but  120  parts  of  butyrine  in  100  of  alcohol 
remains  transparent.  When  tlie  alcoholic  solution  is  distilled 
the  butyrine  becomes  acid,  a  small  quantity  of  butyric  acid 
being  developed.  It  is  rvadily  saponified,  cind  by  the  process 
is  converted  into  butyric  acid,  margaric  acid,  and  oleic  acid ; 
together  with  about  12'.'S  per  cenu  of  glycerine. 


6.  Hirciite, 

Hircine  is  a  liquid  oil,  which  exists  in  the  tallow  of  the  deer 
mid  the  slieep.  It  is  it  which  forms  unlh  elaine,  the  liquid 
portion  of  tallow.  It  is  characterucetl  by  yieliUng  hircic 
when  saponifies!.* 


I 


rttidnUw. 


7.  (.'Aolet^eriNe. 
This  name  hits  been  given  by  Chovreul  to  a  &tty  matter  like 
spermaceti,  which  consdtuCes  the  principal  constituent  i,>f  biliary 
ealculi,  and  which  Fourrroy  had  diKtingut^hcd  by  tl>e  luune  of 
adipocire,     Choleeterine  tnny  be  obtjiined  by  washing 


Clicvmil,  Kur  ks  corps  grw,  \>^  l»l,  I9&. 


humiia   1 


CHOLCSTEKINK. 


IV^mia. 


y  culctiti  with  water,  and  then  dissolving  them  iii  boiling    *«*  v"- 
kot  olcoliol.     As  tb«  solution  vwiU  tlie  cholesterinc  b  deposited  ' 

|{n  crj'Htalline  pktcg.     When  thtitv  iire  wasli««l  in  alcohol,  tatd 
irird.  iliry  conMitute  pure  cholr«(orinv. 

It  is  aulid,  white,  aini  possessed  of  coDfiidoroblc  lustre.     It 
nelta  wlien  heated  to  278*.     When  allowed  to  cool  slowly, 
Itrt  t>ein|ii;  hrought  into  a  state  of  fusion,  it  crjstaUiiies  in  riuU- 
Ittiin^  plates.     It  has  no  ta>lc,  nixi  i.t  nlinoMt  destitute  of  siiii-U. 
|AtOtiO*'iliRnybevolatilizi-dwitliuut  uiidi-rf^uingdc^cuuiposiuon. 
It  in  insoluble  in  water.     1 00  portx  of  boiling  alcohol  of  the 
rific  gravity  0-816.  dissolve  18  jtnrtis  of  clwlestcrinc.      But 
Ftt  the  s)>eciiic  gravity-  of  the  Hleohol  bf  0'B4i>,  it  will  dissolve 
only  11-24  of  llits  substance.     l*he  alcoholic  solutions  on  cool- 
ing, depmtte  nmsl  of  the  choleslerbe  in  CT)-stals.     It  Ims  no 
iielion  on  vegcliible  blues.      It  give.i  out  no  wiiter  when  hoali-d 
with  protoxide  of  lea<l.     It  ciuinut  be  converted  into  a  soap^ 
not  doe*  it  undergo  any  alteration  when  digested  nntb  potash 
l»j'.     When  heated  sulhciently  in  an  open  dinh  it  burns  like 
nx.    Sulphuric  acid  decomposes  it  when  assisted  by  lieaL 
h  '»  also  dccum)>o«ed  by  hot  nitne  iu:hi.     It^  constituents,  a» 
^       Jffcnnined  by  the  niialysis  of  Chcvrcnl,  are  as  followx : 
^^^  Oxygen  a-02d 

^^H  Carbon  85-095 

^^P  Hydrogen  1  V&dO 

m  1 00-000' 

r    ^pJB  a  equivalent  to  tlie  following  atomic  quantities: 
f  1  atom   oxygen, 

S5'8  atoms  curbon, 
31-4  atoms  hydrogen. 
If  ire  admit  tlie  atomic  constitution  to  hu 
1  atom   oxygen, 
80  atoms  carbtni, 
31  atoms  hydrogi-n. 
I  obvious  that  it  cannot,  like  the  prec-eding  bodies,  be  resolved 
mrlxMiic  oxide  aixl  cart>o-hy«brogen.      But  it  might  be 
Ived  into 
I  atom  carbonic  oxid«, 
1  atom  carbo-hydrogen,  consisting  of  27  atoms  carbon  and 

27  atoms  hydrogen, 
I  atom  su)HT-c»rburcUe4Uliydrogen,  consisting  of  8  atoms 
carbon,  and  4  atoms  hydrogen. 

*  Chcireul,  tur  1«*  coriw  ff»a,  p.  153. 
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An  clabomte  set  of  cxporimonU  lias  been  nuule  by  M.  <1« 
f>tiiissiire,  to  detennine  tho  elementary  conititiitioii  of  Hcvenl 
of  the  Ssed  oiU;  but  no  very  important  concluBions  could  ht 
drawn  from  such  nnulyHea,  uolewi  the  different  substances,  of 
which  iilmoat  all  these  botli«!»  arc  composed,  tiad  been  previ- 
ously insulated,  and  analyzed  separately.  The  following  table 
exhibits  the  results  of  Saussiire's  analyses.  I  liave  introduced 
likewise  a  few  other  analyses  of  fixed  oils  made  by  other 
chemists. 


PmMIIimbu 
"  "     lolU. 


1 


C4il>.>n 

Hjilrcif?^, 

OlJtfTDi' 

Atote. 

TotiL 

Linseed  oil 

76014 

11-351 

12-635 

0 

100 

Sau«iure. 

Nut  oil 

79-774 

10-570 

9-122 

0-534 

100 

Ditto. 

Almond  oil 

77-403 

11-481 

10-828 

0-288 

100 

Ditto. 

Castor  oil 

74-178 

11-034 

14-788 

0 

100 

Ditto. 

Olive  oil 

76014 

11 -5  4  5 

1-2068 

0-353 

100 '  Ditto.     1 

I  log's  lard 
Train  oil 

74-792 

11 -632 

13-556 

a 

100 

Ditto. 

76-1 

12-4 

11-5 

0 

loo 

Bcrard 

Spermaceti  oil 

7S-91 

10-97 

10-12 

0 

100 

Ure. 

Oil  of  ants 

61 -.30 

13-06 

4-05 

19-59 

100 

Gilbel. 

Butter 

65-6 

17-6 

16-8 

0 

100 

Bcrard. 

Uet>8  wax 

81-607 

13-359 

4-534 

0 

loo 

SauBsnn-H 

■Spermaceti 

75-474 

1'2-71>5 

11-377 

0-354 

100 

Ditto. 

KoKin 

77-402 

9-551 

13-047 

0 

loo 

Ditto. 

Cholostiuc 

84-068 

13-018 

3-914 

0 

lOO 

Diltn 

Ebiine  of    7 
liogHlnnl    3 

Steariiie  of  ? 
olive  oil     5 

74-792 

11-652 

13-556 

0 

100 

Ditto. 

82-170 

U-232 

6-302 

0-296 

loo 

Ditto. 

1 


When  the  fixed  oils  are  saponified  they  are  converted  inlo 
tlie  various  fatty  acids  described  in  tlie  first  chapter  of  this 
volume,  and  into  glycerine.  Cbcvreul  consider  it  as  probable 
that  they  are  compouncU  of  glycerine  and  lliesc  iK-id  bodies,  _ 
haring  in  tliiti  re^peet  some  rencmblcuiee  to  the  add  ctherx.  fl 
Tlie  alkalies,  by  eombiiiin|r  with  the  acid,  set  tlie  glycerine  at 
liberty.  It  would  not  be  easy  t«  verify  this  conjecture  by  ex|)e- 
rimcnt.  Our  mode  of  purifying  the  ditferent  conslilueDtM  ot 
tlic  fixed  oils,  such  as  they  have  been  described  in  this  sc«tioiir 
and  obtaining  each  in  a  separate  state,  is  too  imperfect  to  w 
nmt  much  confidence  in  the  uccumcy  of  the  analyses  tliat  have 
been  miwie,  or  to  enable  us  to  deduce  froin  iheiu  ouocluaions 
of  much  importance. 
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CHOLKSTERIME.  ^^^^^^"  SC3 

The  fi.Tc<i  oils  are  all  insoluble  in  vmter.     Wlion  t^tAlcd    *«'■'"■ 

tb  that  liquid,  tlic  mtxttirc  bcc-omi's  inillcy,  but  the  inly  pur-  [■nq.mi^ 

,eg  tfriiiliuilly  wjMuntc  Mui  Kwim  upon  the  siirliicc.  Tho 
ncL-  of  a  mucila^nous  substance,  us  gum  arnbtc,  prevents 
tl»c  oil  from  wcpnratinff,  imd  occasiotis,  of  course,  a  permanent 
miikincm.  *  Such  mixtures  are  called  anuMoas.  Tbey  are 
often  formed  by  tritumlinf;;  oily  tieedfi,  a8  ubnondH,  wilh  u-ater; 
the  two  ingredicnu  ncciGiwary  to  form  an  rniidiuoii,  oil  and 
nudlage,  being  prcwjii  in  llic  Kcetl. 

Mott  of  tbe  fixed  oils  are  hut  Kpurinf^ly  soluble  in  Dlcohul. 
Mr.  Brande  fnuitd  tluit  very  little  olive  or  nlmond  oil  nits  taken 
Up  by  alcohol  of  the  specific  gravit)'  O-B-JO.  Linseed  oil  is 
Hore  soluble,  and  aloobol  diwiolveH  any  quantity  whatever  of 
c&itor  oil.  On  tlint  account  tlii.'S  oil  in  soiuetime<i  employed  to 
adulterate  volatile  oils  of  high  N-aliie,  espeeiaily  uil  of  clove*,* 

In  general  the  fixed  oils  are  somewhat  more  soluble  in  sul- 
phuric ether  tlum  in  alcohol,  Four  measures  of  sulphuric  ether 
of  the  specific  gravity  0-7563  were  found  by  Mr.  Hrande  to 
dJMolve  1^  measure  of  almond  oil,  IJ  measure  of  olive  oil,  2} 
measures  oflinseed  oil,  and  any  qitaiitily  whatever  of  ctuttoroiLf 

The  fixed  oiU  unite  readily  wilh  each  otlier,  witli  vobitile 
oils  iind  Itkewitic  with  bittuiiinoux  and  rcsinou.s  subsbuicn;. 

The  alkalies  unite  readily  with  tlic  fixed  oils,  and  form  tho 
important  compounds  called  soaps.  The  fat  oils  enter  into 
theae  combination.'*  inorir  rca<lily  tliaii  the  tlrylnif  oiU.  The 
earths  likewUe  combine  wilh  these  oily  bodicf,  and  fonn  ii  kind 
of  Mop  insoluble  in  water,  and  ore  therefore  not  capable  of 
bdnff  ^plied  to  the  same  uses  an  common  soap. 

The  combustible  acids,  as  far  as  is  kuoivu  at  jiresent,  do  not 
anite  wilh  oib;  ueitlier  has  tlie  muriatic  acid  any  remarkable 
effect,  llioaphoric  acid,  when  concentrated,  deepens  tJieir 
Colour,  and  gives  tlicui  a  peculiar  smell,  especially  if  aw<i«ted 
by  beat :  a  proof  titut  it  act«  upon  ihem^  'Vbe  sulphuric  acid 
acm  witli  much  greater  rner^.  The  oils  become  immediately 
hladc,  and  assume  gradually  the  properties  of  bitumen  in  pro> 
portion  to  the  continuance  of  the  action.  If  the  acid  be  allowed 
to  remain  Utug  enough,  they  are  completely  dceompuw-d ;  waU-r 
b  fonned,  charcoal  precipitated,  and  an  acid  evolved.}     Other 

*  [liiLTnns.  Iflll,p.8«4. 

t  IbliL    EqusI  voliitiics  of  niilphiiric  ether  nnd  outor  oil  united  together 
hat  beea  foinil  a  useriil  c:tlcnia1  ap|kliciition  in  rhcujnutiaiu. 
t  VJpmciis  Jc  Oliimia  i>f  Lli«  Dijon  Aodcmj,  iti.  142. 
(  ^^nl^tf(lJ,  vii.  330. 
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'  ***^ *"•   products  <loiil)lle»»  also  mukc  tlit'Jr  n)>p«ariijiec,  tbough 

action  of  thisDcid on  oikliusnot  yGtbcrnextuniiicdwithflufficieiit 
care.  Nitric  acid  acts  witli  still  greater  eiiei^'.  W'beii  ]iour«d 
auHdcnIy  upon  the  ilryinjr  oiU,  it  sew  them  od  fire.  'Ilit-  (uune 
effect  is  proihu^i-c!  upon  llu-  Jiit  oiIj*,  pruviilit)  the  acid  be  mixeii 
preiioiiily  with  u  porlioti  of  tlic  sulphuric.  When  the  uiuie 
KCid  IS  BuHicieutly  diluted,  it  converts  the  drying  oils  into  a 
yellow  rcsinou§-like  muss,  ao4l  the  fat  oiU  to  a  subatanoc  very 
like  l:tH()w.  Hut  the  iictioii  of  tlii«  avid  upon  fixed  oila  baa  not 
yet  been  miffieiently  examinvd. 

Many  iittoinpts  have  been  made  by  chemists  to  form  pcrnia- 
ni-ut  ooinpounds  of  the  concentrated  ncids  and  oil-s  under  the 
name  of  acit/  soaps.  The  only  acid  whidi  was  found  to  aitswer 
wat  the  sulplmric  Acliard  published  a  number  of  experiments 
on  t]iet4e  compounds.  They  dtsiolve  in  wateri  and  latber  like 
common  HtKip;  but  an  tliey  are  not  in  reatily  permanent  com- 
pounds,  tJiey  cannot  be  u»c<l  with  mueh  prospect  of  a4lvanti^e, 
'Ilie  fixed  oils  acts  (though  feebly)  upon  »«me  of  the  metak 
when  the  atmospheric  air  is  not  excludetL  Cojiper  ht  mkwi 
corroded  by  them,  and  a  dark  green  solution  obtained.  The 
only  otlier  metal  u])on  which  they  are  known  to  act  in  the  same 
manner  is  mercury,  ily  tri[ur;iting  mercury  with  fixed  oils,  it 
gradually  disappears,  and  a  bluish  coloured  unguent  jm  formed ; 
coiuti.tting,  in  part  at  least,  uf  the  black  oxide  of  that  metal 
united  to  the  oil.  But  lliis  experiment  scarcely  succeeds,  except 
with  those  oils  which  are  in  a  state  approaching  to  solidity. 

But  upon  the  metallic  oxiiles  tlie  tixed  oibi  act  witli  greater 
ener^.  They  disaolvi-  tiio  white  oxide  of  arsenic  with  great 
fiR-ility,  as  was  vhown  long  ago  by  Urundt.  When  Wiled  vrilii 
tlie  oxides  of  nicrcurj-,  lend,  or  bismtith,  they  form  very  tough 
solid  oompoimds,  called  plasters. 

Fixed  oils  are  liable,  by  keeping,  to  undergo  a  change  well 

known  by  tlie  niuiie  of  ratifri'lilp.     They  become  thick,  av(|uire 

a  brown  colour,  an  acrid  taste,  and  a  diMi^reeuhle  siiiell.     The 

oil  thus  altered  converts  vegetid>le  blues  into  red,  and  of  course 

^  contains  an  aci<l.     It  is  believed  at  present  that  tJiis  eluingo  b 

H  owing  to  the  alteration  of  the  foreign  substances  present  in  oils, 

H  or  to  tlie  action  of  those  foreign  bodies  upon  tlie  oily  utatler 

H  itself.      ISevend  of  the  fixed  oils  wiien  neuly  exlnietcd,  let 

H  6dl  on  standing  u  qunniity  of  mucilaginotis  matter ;  and  frem 

■  the  ex]>erimeiitx  of  Seheele,  it  ajipears  probuhle  that  they  always 

H  retain  less  or  more  of  a  similar  principle.     He  l>uile<l  together 

H  one  port  of  litiiarge,  two  parts  of  olive  oil,  nnd  a  little  water. 


I 


I 
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^luHi  Ui«  oil  luul  arqiiirc*)  t)iu  coiisistciicv  of  an  ointnont,  it  BM.riii.| 

I  wtu  allov«il  to  cool,  anil  tti«  iratpr  decanted  off.     When  this  ~ 

WnliT  IH  <'\'n|MirTtt<.')l  to  llie  ciiiukUtpiice  of  a  Hjrup,  it  ltMt\'<!g  a 

KulMtaticv  wliiolt  ScIk-i'Ic  toniu-*!  lUe  siivet  prindfje  of  oUs,     It 

doM  not  irrjrstalltztf,  is  soluble  in  water  and  ulcoliol,  and  is  con- 

terled  into  oxalic  acid  l>y  the  action  of  nitric  acid.     Wlicn 

bcntrd,  it  is  [tartly  decompcpwd  tnin  n  brown  oil,  luid  jMrll)- 

rolutilizcd  iinalterML     Tliii  »uli8tuiict>  lie  obtained  also  from 

linseed  and  rape-wed  oil,  and  from  oil  of  almonds.     Even  the 

oil  disengaged  from  soap  yielded  liim  a  little  of  it.'     Similar 

B  ImpuritieH  were  supposed  to  exi«t  in  all  lixe<i  oilx,  and  to  occa- 

^■Im  tJicir  rancidity  liy  putrofaction.     'I1it»  roiicidity  is  in  some 

^^^■toe  diminished  by  ii{^(Rtion  with  u-atvr,  but  not  eompletely 

^RSttroyed.      Mr.  Dossie  lias  •ihown  that  af^ilatioii  with  the  Hxed 

H  tiudtiie  soltitiuas  and  qiiiciclime  aiiswcm  the  purpose  sulfic-iently 

well  in  pnrifying  oils  for  burning  in  laQi|M ;  bnt  tliat  titoy  huv« 

Om  pm|»erty  ofcrui^ilatiti^  a  portion  «f  the  oil.     This  however 

nty  b«  prcvftiUil  by  adiling  n  (|uaiitity  of  strong  brine,  which 

•ocasions  the  separation  of  the  foreign  bodies  from  the  olt.t 

^^^H  fiECriON  VIII, ^K>lr  HlTti'MENS. 

V  Tb»  term  l/Umnm  hni*  often  been  applied  by  chemists  to  iill 
B  tit  inflammable  siibiiuuceit  tliat  occur  in  the  earth ;  but  this 
■  me  of  the  word  is  dov  so  far  limited,  that  guljihur  and  meUitc 
H  are  most  commonly  excluded.  It  would  bo  proper  to  exclude 
'  ambrr  lUcewisc,  and  lo  apply  the  term  tu  thow  fossil  bodii-x 
only  which  have  a  eetlain  rcM^nbhuice  lo  oily  und  rc^iiioita 
ntbMwioes.     In  tins  restricted  sense  the  word  is  used  in  tlie 

if  rewnt  tection. 
Bituminons  snbstanc<>«  may  be  Hubdividetl  into  two  classes : 
■■Dely>  hituitmiovi  oiln  an<I  /litumftu:,  properly  so  cnlle<l.  The 
firai  set  [lowem  ne<rly  tiie  properlii-:«  of  volatile  oils,  and  ought 
Sn  Urict  propriety  to  be  clas»e<I  willi  theHe  bodies ;  but  as  the 
rhemical  properties  of  bitumens  have  not  yet  been  investigated 
witli  much  precision,  it  was  deemed  rather  premuliirc  to  Be|>a- 
rate  them  from  each  other.  The  second  set  possess  proper- 
ties peculiar  to  thrmsclres.  Let  us  endeavour  In  descrilw  tlic 
Bub»taaces  belonging  to  these  two  cloaact  as  fiij  us  pussible. 


r 
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1.  BihrnttHOHs  OiU. 

Only  two  tfp«cies  of  bituminous  oils  have  been  hitlierto  exam- 
ined by  chcmisbi.     Otlion  indeed  luive  bevn  mentioned,  but 
■  Schede's  OpuK.  ii  ISO.  f  Nkholwn'i  Joar.  v.  i>. 
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"^'"-  their  existence  lia»  not  l)ocn  iufficiently  aiillionlical«H.  ThcMC 
two  s(>cc-ii.-s  HTi.'  cckUcd  petroteuni,  and  raoMa,  or  sea-icaT!  the 
first  is  liquid,  the  Bocond  solid. 

1.  Petroleum  w  an  oil  of  h  brownish  yellow  colour.  When 
pure,  it  t!)  as  fluid  m  w»tcr,  and  very  volatile.*  Its  S)>ecific 
gmvity  varies  froui  0'730  to  0*678.-|-  It  lias  a  peculiar  nndl. 
Whcu  boated,  it  may  be  distilled  over  without  alteration. 

IVtroIciini  U  fontid  in  the  earth  in  rarious  stales  of  purity ; 
Hometitnes  without  any  mixture  of  foreign  substances.  In  this 
State  it  is  usually  dUtinguUlied  by  the  name  of  naf^ilha,  aikI  ic 
aaidtooccuriu^rcntabniidnnocon  thoshori>Mofthc  Cu^spiau  and 
ill  Persia.  It  occurs  also  in  different  parts  of  Europe,  especially 
Italy  aiid  Gemmiiy.  When  less  fluid  and  darker  coloured,  it 
is  commonly  called  petroleum.  It  is  supposed  to  owe  this 
increft.«ed  spisMitude  and  deepened  colour  to  tlie  action  of  the 
air.  When  distilled,  it  yields  a  fjiianlity  of  pure  petroleum, 
while  a  portion  of  bitinneii  of  the  cuiisistcnce  of  tar  or  pitch 
ronia'iiiM  behind.  When  long  exposed  to  the  air,  petroleum 
becomes  blnek,  and  iicqiiircs  the  semifluidit)- of  tar.  In  this 
Btate  the  greati^sl  part  of  it  is  insoluble  in  alcohol ;  so  that  it 
*       has  assumed  tlie  state  of  true  bitumen. 

Petroleum  is  used  in  those  countries,  where  it  abound  as 
en  oil  for  lamps.     It  is  employed  also  as  a  solvent  of  reainotu 
bodies,  and  of  the  proper  bitumens,  wluch  it  dtssolres  with 
fikdlity. 
UtiMitK  Wlien  petroleum  is  distilled  nt  a  low  Iieat,  the  liquid  which 

comes  lirst  over  Is  distinguished  by  tlie  name  of  naphtha.  It 
Is  colourless,  perfectly  fluid;  i»  very  volatile,  and  hiu  n  \wea- 
liar  smell.  Coal  tar,  or  the  oily  matter  which  comes  over  when 
coal  is  distilled  at  a  red  heat,  yields,  when  repeatedly  rectified, 
the  very  same  kind  of  liquid.  Naphtha  b  observed  also  in  dif- 
ferent places  rising  spontaneously  from  the  earth  nearly  in  a 
state  of  purity.  As,  for  exnmpte,  in  different  parts  of  Persia, 
at  Amiano  in  Italy,  and  in  many  other  place^i.  This  natural 
protbietion  of  naphtha  is  observed  in  many  places  where  no  coal 
has  been  ever  discovered.  Yet  I  think  it  not  improbable,  from 
the  exact  similarity  between  tlic  properties  of  natural  iiaphlha 
and  coal  naphtha,  that  tlu<y  have  in  n.>ftlity  the  sami!  origin. 

*  The  volatility  seems  to  liave  been  over^stcil  by  older  chcmiml  writer*. 
On  tnlxiiif;  wvll  rectifieil  iietrolfum  with  wuter  in  a  retort,  I  fuiintl  th*t  th« 
outer  i.'otild  bu  Kn<\\\y  diBtilled  over  in  a  moderate  heat,  wliile  the  «faole 
pi-troteiiRi  remained  behind. 

f  See  KirwMi'a  Minenlogy,  iL  42. 
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TTie  specific  gravity  of  naphtlm  varies  coimdombly,  probn- 
hly  according  to  iu  stale  of  purity.  Tlie  follon-ing  are  tbo 
ipmfic  gntvitie«i  wlitch  I  luive  iny»>elf  a^tc^rtaiiipt). 

I,   Poniui  luiplilhn,  not  rrctiiicd  . 

S.  Coal  iiaplitlui,  perfectly  colourless       .         • 

3.  Coal  naplitha,  sliglitly  yellow  .  . 

4.  Natural  iiaplillm  of  Amiano 

5.  Ditbs  thric«  rectified 
Naplitlia  is  very  volatile:  a  drop  of  it  let  R»ll  on  paper  dift- 

^pean  iii  a  few  minutes.  Yet  ibt  boiling  point  is  rather  higher 
lAm  that  of  oil  of  tarpentine.  I  found  that  Persian  naphthu 
htpm  to  boil  in  f^la-is  at  tJie  temperature  of  iiitt".  A.«  tlie  boil- 
uig  conttnueii  tlie  temperature  t'lue^,  I  mised  the  lompcrature 
of  Pefsian  luiphtba  in  a  Nilrer  ctip  an  High  iif  di>'2°. 

At  tlic  temperature  of  7'2'5'  the  vupaur  of  naphtha  is  capa- 
ble of  supporting  a  column  of  mercury  1-78  inch  in  Lelfrlit. 
M.  T.  dc  Saussure  determined  its  specific  gravity  by  wcigliinjf 
k  mixture  of  vapour  of  naphtha  aod  eomir  un  ulr.  I  le  olitaliied 
flIflBS  a<t  the  K|>ecific  gravity.  I  trint  the  specific  gravity  of 
(be  rapour  of  Peraiitn  naphtha  at  tbc  temperature  of  53"  by  ilie 
Kime  method,  and  found  it  '2-263.  Siiussurc'a  experiment  Wiis 
■ude  at  the  temperature  of  72-y.  Probably,  therefore,  the 
ipecific  gravity  of  thi.*  vapour  increases  at  a  great  rate  with  tlic 
temperature.  When  the  «ipour  of  naphtha  is  mixed  with 
mnmon  uir,  it  is  not  ea«ily  removed  iigiiin.  It  may  be  passed, 
wilhuul  alteration,  through  water.  Alcohol  would  no  doubt 
•iMorb  itf  and  a  considerable  proportion  of  it  would  be  condensed 
by  the  freezing  temperature. 

Naphtha  burns  with  a  strong  yellow  flamo,  and  a  confflder- 
abln  smoke. 

It  is  insoluble  lu  water ;  though  it  commnnicates  its  peculiai'  Prai<«iitt. 
tametl  to  tliat  liquid.  Alcohol  dissolvea  about  j.tli  of  iu  weight 
it  Sulphuric  etlier,  petroleum,  fat  oil*,  pitch,  volatile  oil* 
leMBbine  with  na|»htlia  in  every  proportion.  It  diMolvcs  wa^t 
'  by  the  nmstnncc  uf  heat,  and  allows  »  portion  of  it  to  fall  down 
•l^un  iH  it  cools.  Caoutehuue  swells  in  naphtlia  to  more  tluu) 
{ 30  times  its  bulk,  and  becomes  gelatinous  and  transparent ;  but 
[  tcarcely  dissolves.  However,  by  this  means  it  is  easy  to  loould 
itcbouc  into  tubes  of  considerable  service  to  tlic  chcmist.§ 

*  It  had  been  naaniiracturci]  in  Eijinlnirgh. 

t  ll  hail  ticcn  nmnurocturcil  in  Oltugow. 

t  IVtcrmincd  li;  SaUMUrv,  AnnnU  of  PlnloiO))h]r,  x>  110. 

i  Uf  >lr,  Kjriiic'o  ps|i«r,  Ainiala  or  PliiloM«|)h]r.  vIIl  1 1V. 
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c»w  iH-       Naphtha  diseolvcs  a  Utile  sulphur  and  phosphorus 

assisted  by  heat,  and  lets  tliem  fall  agauu  in  tlie state  of  crystiil^' 
Neither  lliv  Hxud  alkalifn  nor  tlut  stroiifi;  miiKrrid  acidif  Itavc  any 
mariced  action  on  naphtha.  It  is  known  that  anhydrous  pciiash 
combiites  nitli  it  and  forms  a  brown  soap;  but  the  hy<lrQtiN 
alkaJies  <lo  not  uuice  with  iu  It  absorhs  ubout  S|  times  it& 
volume  «f  nmmoniueid  ga^  I 

Wh<'ii  nitphthii  is  [KKscd  through  a  rcd-Iiot  por«'Iniii  luW, 
it  ia  converted  into  charcoal)  a  brown  empyreuniatic  oil)  whichf 
when  sublimed  at  tlie  temperature  of  95*,  yield:)  a  portion  (4 
colourless  cryxtuU  in  rhomboidal  plat^*!*,  Iiaring  a  lu»lrc  simikr 
to  tliat  orHpi-rmaceti.'uiul  a  (juaiitily  of  caTbur«lte<t  bydrogea 
gas.     Theodore  de  Suussuro  attempted  to  aimlyzc  ni^ihtha  l> 
detonating  a  mixture  of  the  vapour  of  naphtha  and  onygeti  gal 
The  result  of  hit  c-xperimenta  wan,  tliat  1  rolunie  of  vn|M>tira 
nuphtlui  requires  for  complete  combustion  14  voIujucs  of  osyi 
gen  gas,  and  that  after  the  combustion  tliere  remain  8*'2  volumai 
of  carbonic  acid  gas.   Of  consequence  5-8  volumes  of  the  oxygd 
must  have  gone  to  the  formation  of  Wiiter,  m  tliut  the  hydro 
gen  in  I  volume  of  vapour  of  luiphtha,  if  in  a  separate  Htaicj 
would  amount  to  II '6  volumoB.     This  would  make  naphtha 
vapour  a  comjiound  of 
ci«i|«iiiiiii,  g  volumes  carbon  vapour,  7        .        j  •  < 

12  volume*  hydrogen  J  •'""^^"'^'^  """  «"«  ''°^'""< 

Hence  its  specific  gravity  xhouli)  l>c  4'14>66,  aiid  its  aloni 
weight  7-5.     It  ia  a  compound  of  I'J  atoms  hydrogen  ottd 
atoms  carbon.     So  that  the  atoms  are  in  the  proportion  of  1 
atoms  hydrogen  to  one  atom  carbon.     Thiut  naphtha  diffei 
essentially  i»  its  constitution  both  from  alcohol,  ctlicnt,  and  cttU 
I  subjected  nuphtlui  from  I'er«i;i  to  analysis  by  hcatiing  it 
in  a  copper  tube  along  with  peroxide  of  copper.     One  grain  of. 
naphtha  by  this  treatment  yielded  6-5  cubic  uichcs  of  car' 
acid,  and  1  -.^5  grain  of  water.     Now  the  hydrogen  iu  \'!i3  p. 
of  water  is  equivalent  to  7  cubic  inches,  Hn<l  the  carbon  in  6-f 
cubic  inches  of  carbonic  acid  i»  equivalent  to  6-3  cubic  inehM; 
Hence  naphtlia  is  composed  of 

6-5  volumes  of  carbon,       or  IU  volumes, 

7     volumes  of  hydrogen,       14  volumes. 

Subtdtiiting  atoms  for  volumes,  we  have  naphtha  composed  of 


*  Ilia  I  conudcr  m  the  ume  wriib  the  aubstance  firal  rwiionl  by  Mr. 
0>rdio(ABMba(Pliili»ophy,  XT.  74).    I  hare  sanlytied  it,  and  ibuiulita  ' 
eOMpCuad  oTS  atooM  atboa  +  1  aloai  hydrogen. 
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la  atoms  ctu-boii  .         .         s;    9-75  smviii. 

1 4  atoms  liydrajj^en         . 


= 

9-75 
1-76 

11-50 

« 

OnUu. 

0-822 
0-148 

• 


8}  ciibtc  inchn  of  curbon  wcip^h 
7    cubic  inches  of  hydrogeo  woigt 

0-970 
So  ikst  in  tills  analyuB  there  in  a  deficiency  of  tliree  per  c«nt- 
rliieh  1  am  di!ipo<ip<l  to  ascribe  to  iLo  preitencc  of  azote  aa  ■ 
(MMitueiit  of  naplitka  in  tliiit  projtortion.' 

JL  Sta-war,  or  mattka^  or  mtHeral  Ifillow,  is  a  solid  substance  i>»-«i. 
tbuml  on  the  Baiknl  lukc  in  Sibcriit.     It  i<<  white,  melts  when 
iNtUrd,  uid  on  cooling  assumes  the  consistence  of  white  cerate. 
Il^notres  readily  in  alcohol,  and  in  other  respects  appean  to 

CM  the  clkaincters  of  a  solid  volalili-  oil.  Itx  properties, 
vcr,  hare  been  but  inipcTft-<-tly  exiuninod.  Klaproth  found 
Att  a  naiilar  tuibstunci!  wiu  obtiiinod  by  distilling  a  species 
ttnodeoal,  colled  ttirth  coal  by  the  Gcrmans.-j- 

Thr  sabstanoc  described  by  Kirwnii  under  the  name  of  mine-  J^"""'  "^ 
nlUithir,  and  said  to  have  been  found  on  tlie  coast  of  Finland, 
IbI^  Swedish  lakes  i>nd  in  a  fountain  near  Strasburgh,  seemH 
to  ^proech  vtry  nearly  to  sen-wax.  Its  specific  gravity  ia 
^TO.  It  is  white,  brittle,  st<iin>!  paper  like  oil,  melts  when 
wltd,  Mid  burns  with  a  bUie  flame  and  mudi  smoke ;  dissolvM 
"^rfeetly  in  hot  alcoh<d,  but  readily  in  olive  oil4  Specimens 
<f  Aiiaiibstaiice  have  been  found  in  different  parts  of  tlie  High- 
■iodl  of  Scotland.  lliere  is  a  specimen  in  the  Ilunterian 
UMemn,  which  was  found  near  Inverary.  I  have  another  spe- 
ii««i  from  a  moss  in  the  neighbourhood  of  Oban.  The  hat- 
twttme  of  Conybearc,  found  in  Wales,  i»  merely  a  variety  of 
■oiflptal  tallow. 

3.  Proper  Bitumens, 

Hie  true  bituminous  substances  may  be  distinguished  by  tlic  chwHun. 
bUsviog  properties : 

L  They  are  either  solid  or  of  the  consistence  of  tar. 

9L  Their  colour  is  usually  brown  or  black. 

&  They  have  a  peculiar  smell,  or  at  least  acquire  it  when 
'nbbed.  'HiissmelliNknownby  thenameof  theAi'/KMirNoiuodour. 


L 


•  AMub  at  PtiUiMopliy,  xr.  307.  f  Bcitrage,  UL  Sii. 

t  Kirwao't  Mioenlogy,  U.  47. 
U.  3  B 


A«plultum. 


Rwni-. 
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NF.UTBAL  COMPOUNDS, 

4.  They  become  oloctric  by  Action,  Uiougb  iiol  insulate*!." 

5.  "Hiey  melt  when  heated,  atid  bum  witli  a  strong  Hiael!, 
a  bright  flatnc,  and  inueh  ninok^. 

6.  They  are  insuhiblctn  water  and  alcohol,  but  dissolve  raott 
vommonly  in  ether,  and  in  the  fbted  and  volatile  oils.  ■ 

7.  They  do  not  dissolve  in  alkaline  leys,  nor  form  wop. 

8.  Acids  have  little  action  on  them:  the  sulphuric  scarcely 
any :  the  nitric,  by  long  and  rt-jx'iili-d  diirt-Htion,  dLssoIrea  tbeni, 
and  converts  them  into  a  yellow  sutwtauce,  soluble  both  in  n-aler 
lind  alcohol,  and  similar  to  the  product  formed  by  the  action  ef 
nitric  acid  on  resin s-f 

The  bitumens  at  ])rc8cut  known  may  be  n>duce(l  to  three; 
namely,  aspbaltum,  minemi  itir,  and  mintral  caoutcMmc,  Bitu- 
men has  been  found  also  united  to  a  re^inoiw  compound,  in  a 
curious  substance  first  accurately  examined  by  Mr.  Ilatckett, 
to  which  he  lias  given  the  name  of  rrtiftatphaltum.  United  la 
charcoal  in  various  jiropoTtions,  it  constitutes  die  numcrovi 
%-aTietieH  nf  pit-rimJ,  so  much  employed  tn  this  country  as  fael 

1 .  Asphaltutii.  This  sul»»tanee  oc«ir«  in  gn^jit  abundant 
in  different  countries,  especially  in  the  islun<l  of  Trinidad,  oa 
the  shores  of  the  Dead  Sea,  and  in  Albania,  where  it  is  found  in 
vast  strata.  It  is  supposed  that  it  was  first  liquid,  iind  thit  it 
acquired  solidity  by  exposure  to  tlie  air. 

Its  colour  is  black,  wieli  a  shade  of  brown,  red,  or  gny.  Id 
specific  gravity  varies.  That  of  Albania,  as  ascertained  bv 
Klaprotli,  was  1-205  ;f  but  it  wan  somewhat  contaminated  u'lth 
earth.  Kirwan,  in  purer  specinunis,  found  the  Specific  giarity 
to  vary  from  1*07  to  l't(id.§  Klnproth  has  published  on 
analysis  of  the  asplialtum  of  Albania. 

He  found  it  insoluble  both  in  acids  and  alkalies,  as  alsob 
Water  and  alcohol ;  hut  soluble  in  oils,  petroleum,  and  sulphinic 
oilier.  Five  piirt-f  of  rectified  petroleum  dissolved  1  part  of 
asplialtum,  without  tlie  assistance  of  heat,  and  formed  a  bhdti^ 
brown  solution,  which  by  gentle  evaporation  left  the  asphaltuB 
in  the  state  of  a  black-brown  shining  varnish.  The  solution  b 
etlier  wm  of  a  pale  brown  red  colour ;  and  wiien  evaporattd, 
the  aspholtinn  remained  in  llie  Htateof  a  semi-fluid  stitwtuioe of 
a  reddish  colour,  still  inMhible  in  alcohol. 

A  hundred  grains  of  tilts  asphaltum  being  di«ttlle<)  in  a  retort. 
by  a  heat  gradually  tsiscd  to  redness,  peldcd  the  foUovinf 
products : 


Bally.       I  lUlchm.      |  Beiunge,  iii.  313,      ^  Mineralogr,  ii.  W. 
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36  cubic  inches  (German)  of  heavy  inflammable  air  16 
A  light  hrown  fluid  oil         ...         .  32 

V'xtcr  Nli^htly  tuijit«<l  vriUi  atamonia  .         .  6 

Clun-ual  30 

Ashes  16 

100^ 

oAe^  constated  cliieHy  of  ulica  and  alumina,  witii  aoma 
iroti,  litn<',  iinil  iiuiii^ic«c.* 

The  Mphuitiini  f»iiii<I  in  Alhiiiiia  h  »tipjKncA  to  have  con- 

ibtuU'd  till'  chivf  in[rT«(licnt  of  the  (mek  _fire.    Tliv  E|^ptian8 

aid  to  have  employed  tliis  bitumen  in  cmbulming.     It  wns 

'Cilletl  mumia  miaera/in.f      The  ancients  inform  us  that  it  was 

Med  imtcad  of  mortar  in  building  the  walLi  of  Babylon. 

2.  Aaphaltum  b  seldom  abflolutcly  pure;  for  when  alcohol 
ild%Mt«d  on  it,.tlie  colour  of  tlie  litjuid  bct;onK"<  yellow,  and 
bj'  gentle  evaporatioti  a  |M>rtiou  of  |ietrolcum  is  Fieparuti-d.j; 
Slinerat  far  soems  to  be  nothing  else  than  asphallum  contain-  uinmita. 

»tiig  a  atill  greater  proportion  of  petroleum.  When  alcohol  is 
Sweated  on  it«  a  considerable  qiuintity  of  that  oil  is  taken  up ; 
but  there  remains  a  black  fluid  substance  like  melted  pitch,  not 
acted  upon  by  alcohol,  and  wliich  tliercfore  ap])ear8  to  possess 
the  propcTticw  of  aaithaltum,  with  the  exception  of  not  being 
solid.!  ^y  cxpo«»rv  to  the  iiir,  it  is  said  to  assume  gradually 
the  state  of  asplialtum. 

9.  Mineral  caoutchouc  is  a  singular  substance,  hitherto  found  Mmmi 
only  in  Derbyshire.  It  is  soft  and  very  cListic,  not  unlike 
emmoN  aumtchotic,  or  Indian  rtMer,  and,  like  that  substance, 
{t  a»y  be  employed  to  eflace  |)encii  marks  ftom  paper ;  but  it 
khIs  the  paper  a  Ultlc.  )ts  colour  is  djirk  brown,  sometimes 
witli  a  sliade  of  green,  at  otluT  times  of  red.  The  finil  account 
of  it  wu  published  by  Dr.  Lister  in  tlic  PhQosophical  Transao- 
lioiu  for  1679.11  It  occurred  in  an  old  forsaken  mine  in  Uer> 
hyshire.     He  catU  it  a  Kubterraneoua  fiiogus,  and  is  uncertain 
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■  KIapr>«h'i>  Bcitragr,  iii.  310.  f  Watioa'*  Chom.  Euayi,  ill.  4. 

I  Uatcbott'*  OlHcnaiioni  on  the  Chnngc  of  Rome  of  the  PrindplM  of 
Vigatatiln  iaio  lUmmcn.     Phil.  Tnuu.  IbOI. 

I  Omul II 1 1  anJ  mincrnlc^tli  hnvc  uniidd  mineral  tiir  lo  |icIroleuD  al  B 
nrloty.  If  it  be  inic  that  pure  petroleum  U  iniolulile  in  slcohol.  that 
■mogcneol  JK  ri^-lit )  bul  I  minpccl  n  iiiitialic.  I  had  no  opporiunity  of 
trjipg  mpArtii  J  but  ilie  piuwi  petroleum  I  Untt  been  flblo  to  procure  rMdily 
field*  to  alcohol,  udIcm  it  hoj  been  left  ex(x»ctl  to  lh«  air, 
I  Vol.  nii.p.et79; 
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***■'"■  wliether  it  belongs  to  tli«  vegetable  or  mineral  kingHoms;  Imt 
ratlier  inclitiH  to  the  former  opinion,  »ti<l  liinbt  tlint  it  may  have 
growji  out  of  llie  oU  bircli  projis  used  in  tlic  mini",  It  was  first 
un-uratcly  described  by  Mr.  Ilatclictt.  Delamctkerie  first 
exnmined  its  properties;  ukI  un  analyftis  of  it  lias  been  puU  I 
lis^iieil  by  Mr.  Klaprolli. 

Acconiing  lo  KUpr«tb,  it  rt-sists  the  action  of  nlmo«t  allj 
<|uid  meiistnui ;  noilhcr  iilvoliol,  alkalies,  nor  nitric  acid,  afTrct-  j 
Iiig  it  Even  oils  were  not  found  by  hira  to  dissolve  it,  thoii^ 
DelBmetkoric  assures  us  that  he  obtai»e<l  «  suliitiou  of  it  in 
olive  oil.*  Petroleum  succeeded  best  witli  Klaproth,  assuming 
a  bright  yellow  colour,  while  the  caoutchouc  wa»  ronderwl 
tmnspaiont.f  When  heated  it  melts,  takes  fire,  and  bums 
wiih  a  bright  flame  »iid  a  bituminoiti  smell.  'Hie  melted  mass 
still  continues  aithesive,  and  may  be  drawn  out  into  thretds.  _ 
It  is  now  Bohible  in  oih.:^  I 

One  huiiilrei)  grains  of  this  sulMtancc  being  diMilled  In  a 
retort  gradually  laised  to  a  red  heat,  yielded  tlie  fulloM-iag 
products : 

Cnim 

38cubic  Inches  (German)  of  heavy  inRammablo  air  J  .j,  _. 

4  inches  (German)  of  carbonic  acid  gas 
A  brown  thin  bituminous  oil  . 
Water  »ligliUy  acidulous         .... 

Charcoal 

Aslies 

lOO-OO 

The  aslies  consisted  of  lime  and  silica,  with  some  iron,  sul- 
phate of  lime,  and  alumina.} 

Mr.  Halehett  suppones  the  ela.«l>riiy  of  tins  substanoe  to  bt 
oning  to  a  qunnlity  of  air  confined  between  ite  poreSL 
JUS^'''^"  4.  The  rttinasfAallum  of  Mr.  Ilatdiett  is  a  substance  hither- 
to found  only  accompanWiig  Itoity  mat,  in  Devoni>liire.5  !■ 
was  finst  mentioned  by  I>r.  Millei;  but  we  are  indebted  to 
Mr.  Hatchett  for  every  thing  knowii  respecting  its  cl)emi<a' 
properties, 

'I'his  substance  has  a  jiale  brown  ochre  yellow  colour.     Il  !> 
very  brittle,  and  breaks  with  a  vitreous  fracture.     Its  specific 

•  Joitf.  de  rhfi.  xxxL  312.  f  iteitniKP,  in.  100. 

)  Klnproth,  ihid.  j  Ibid.  p.  110. 

^  Vaiaa  the  tobitlniice  fiHinil  iinr  Hutti-,  ui<l  sDoIyRtl  b}'  Burlioli,  t« 
umilar.    Sc«  itchweigger**  Jouraal.  i  SW. 
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|.gnvily  is  1-135.     When  held  in  tlio  liaiwl  for  some  time,  it  —'*■  '""• 
^tnita  a  sli)^btly  resttious  smtW.    ^^^lL>n  liiittvil  it  inolu,  smokes, 
burns  with  a  bright  fliiin<-,  bikI  emits  a  fntf^niMt  (xlouTt  at  last 
tiiiiiu-tl  willi  .1  bitumiitous  §ineil.     Hie  aii-lto<I  nuuw,  when  cold, 
pfe  UUu'k  und  tirittli',  and  lire.'dLt  willi  a  glassy  fradun-. 

M'litcr  doc*  not  act  u[wn  it;  bnt  it  is  jMirtially  dissolved  by 
Filcofaol,  potash,  and  nitric  acid;  (he  dissolved  jxHliuii  baving 
,  the  properties  of  a  rcain ;  the  undissolved  of  ssphaltum.  Mr. 
'  llalcliett  analyzed  it,  and  found  it  composed  of  * 

53  reain, 
41  asphaltum, 
SctuUtf. 
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&.  Pit-co«],  one  of  the  tnost  useful  of  all  the  mineral  produo*  nL«i. 
lius  l>c«>n  divided  by  mineialogists  into  various  species, 
Wcordin^  (o  its  external  appcaraiivc^  auA  tlii>  nature  uf  the 
itnia  in  which  it  is  foiuid ;  but  in  a  chemical  point  of  view,  il8 
wwt  imjwrtunt  varieties  may  be  distinguislied  into  two  s«ts : 
I.  Tho«c  tliat  still  contaiu  Heveral  iVf/tttMn  i»incifJt*,  strictly 
Kt  called,  and  thus  give  evident  inarlu  of  ilivir  ori^n.  I'o  this 
kead  belong  mmt  of  the  riLtielics  of  coal  amin^d  by  Werner, 
wader  ibe  head  of  Itrmtn  coai.  ^Ir.  Ilatehctt  has  sbowii,  tiuit 
in  aome  of  the  substances  belonging  to  Ibb  claaa  there  is  to  b« 
fMUd  B  poTtioQ  of  etgriablr.  txtrtict;  in  otbor<t.  a«  in  Dovey 
edtJ,  a  portiou  of  rttin;  Ix-Midi-n  tin;  cbureoiil  and  bitumen, 
which  eonstilute  the  greatest  part  of  its  con«ti(ucnta.  From 
mother  species  of  brown  cuoil  Khiproth  obtained  by  mnuis  of 
■loefaolf  a  brown  red  tincture,  which  left  behind  it  on  cvaponw 
liun,  a  reddi»li  bitUT  txiraci,  partially  soluble  in  water.f  3. 
Tlkonc  kinds  of  coal  (liat  contain  no  traceit  of  uiuiltered  tvgw- 
tMe  pritiriptea,  but  are  comjioiied  of  variouf  pn>portt»ns  of 
bitumen  and  cluircoal,  contannnatetl  like  lliii  former  witti  eartiiy 
nattt«-r.  'I'u  this  head  belong  (be  viiric(ici«  of  coul  arrung^.'d  by 
Werner  under  tlie  name  of  l/iark  coal,  which  abound  so  miicli 
in  nritain. 

Tbe  different  species  of  black  coal  which  occur  in  Great  ^uta. 
Bribiin  and  Ireland,  so  far  a.4  I  liave  liad  an  opportunity  of 
emtnining  tliem,  are  five.     Tbey  have  been  distinguished  by 
the  followiii<r  luimeft : 

■  llalchcti,  on  ih<  riinngc  of  Mine  of  ibc  Piinciplca  of  Vf^sUct  to 
BittHdM.     PhiL  Tnns.  IMH.  J 
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SplluL 
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I.  Kilkenny  cool  ~ 

3.  Caking  c«al, 
a.  Splint  coal, 

4.  Cherry  coal, 

5.  Caiincl  cum). 

1.  Kilkenny  coal,  so  called  bcraiisc  fuiuitl  at  Kilkenny  in  Irc- 
liind,  belongs  to  tlte  Glance  eottl  «f  Werner.  It  has  a  seidi- 
metallic  lustie;  <Ioes  not  soil  the  fini;ers.  It*  tipecific  gra^ty 
is  l-4'')54.  It  cuDsttmes  witliout  flame,  and,  n-hen  completely 
burnt,  leaves  4  per  cent,  of  light  brown  ashes,  coniusting  chiefly 
of  Hiiicii  and  iron. 

2.  Caking  coal,  is  so  called  because  when  heated  it  fuses  into 
a  kind  of  bituminous  matter,  in  ounse<|uence  of  whieh  all  the 
pieces  of  coal,  however  small,  colicrc  together  into  a  cake.  It 
occim  abundantly  in  ihe  iiei^]ibonrlii>u<l  of  Newcastle  and 
Sunderland,  in  Fife,  ut  Baniiockbum,  and  in  tlie  Glasgow  coal 
formation. 

Its  colour  iit  velvet  blacJi. — Lustre  shining,  resinous. — Prin- 
cipal fracture  straight  slaty ;  cross  fracture  partly  small  grained 
uneven,  when  the  liiNtre  in  only  glistening;  partly  small  coii- 
cboidal  when  the  lustre  is  shining. — Soft  tuid  rer)'  easily  fran- 
gible. ^Fragments  ctihicnl — brittle — soik  th^^  fingers.  Specific 
gravity  r'26».  It  catches  fire  very  easily,  and  burns  with  a 
lively  yellow  flame ;  but  in  canse(|uence  of  its  caking  jtroperiy, 
it  must  be  frequently  stirred  to  admit  the  acecM  of  air,  other- 
wise it  b  extiugiiislied. 

3.  Tlie  splint  coal  occurs  iibuiidantly  in  tlie  neighbourhood 
of  Glasgow,  constituting  the  fifth  of  the  six  Glasgow  beds.  It 
is  a  well  chamcleriscd  species,  and  constitutes  the  most  viduable 
of  the  Glasgow  coals,  selling  at  a  higher  price  than  any  of  tlic 
other  )i])ecies.  It  is  the  only  coal  in  llie  neighbourhood  of 
Glasgow  used  for  the  manuliu.'turc  of  coke. 

Colour  bhick,  with  n  shade  of  brown — lustre  bctM-cen  glim- 
mering and  gUstening;  resinous — principal  fracture  irapcrfcet 
curve  slaty.  Cross  fracture  line  grained  uneven  and  splintery 
— not  harder  than  caking  or  cherry  coal,  but  much  more  diffi- 
cultly fiimgiblc — fragments  wedge  shaped — specific  gravity 
1-290.  It  requires  a  much  higher  temperature  to  kindle  it  than 
either  caking  or  cherry  coal.  It  burns  wiili  flame,  and  is  much 
more  <lurable  than  cherry  coal. 

4.  Cherry  coal  abounds  in  the  neigh  ho  nrhood  of  Ghui^ow, 
and  in  Staffordshire  near  Hinninghnm. 

Colour  velvet  black,  with  a  slight  shade  of  grey ;  lustre  iii 


I 


I 
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l-Wamo  pl»cc«  gplcndfint,  iii  others,  shiDing.  Hliere  the  Instrc 
■hmiti^,  the  coal  has  exaeliy  tlic  appearance  of  caking  ooal; 
but  it  bt  easily  (liMtinfrimlirrf  from  that  HpmoH  Iiy  not  melting 
or  soflenini;  when  hciitetl — kind  of  lustre  n-sinoiL's. — -Principal 
fracture  «tniiglit  slaty  :  the  different  layers  differ  iji  their  lustre, 
•one  i>eitig  splendent,  others  shining.  When  the  lustre  i« 
q>lendcnt,  tbc  surface  is  specular;  but  when  only  shining,  it 
it  merely  even — cross  fracture  flat  concboidal,  and  spei-ular 
splendent — equally  hard  with  caking  coal,  and  very  easily 
frangible — fnigmi'niH  rectangular — very  brittle — specific  gru- 
vily  1  -265.  \Vhen  exp<'«cd  ro  heal,  it  readily  catchex  fire,  and 
burns  witli  n  clear  yellow  ibune,  and  giving  out  a  great  deal  of 


P»«L 


I 


5.  Cannel  coal  in  m  called,  bi-otuiw  Ji  burns  like  a  candle  cuuhi 
when  lighted,  aiul  i»  often  employed  us  a  sulwtitute  for  candles. 
It  aitound*  at  Wigiui,  is  found  near  Coventry,  in  Aymhin-,  and 
in  Lanai-kshire. 

Colour  dark  grej-isli  black;  sometimes  brownish  black — 
Inttre  glistening,  resinous — admits  of  a  good  poiish,  and  is 
often  cut  into  ornaments  like  jet.  Fnu-turc  l;irge  iuid  flat  con- 
choiduL  In  the  great  it  is  frequently  gtaty— frjigments  »ome- 
limcs  cubic,  wmn'tinies  wedge  shiiped,  sonK'tiinesiunorphuua. — 
About  UM  hard  ns  raking  coal— brittle — (Iocs  not  Soil  tlie  fin- 
pT9 — much  more  difficultly  frangible  llian  caking  coal  or  clierry 
coal;  but  more  easily  titan  >plint  coal. — Specific  gravity  1-272. 

'Hie  following  tiibli-  exhihiis  the  quiuility  of  eartliy  matter  xitm. 
unully  found  in  100  parte  of  each  of  titcsc  coals: 

I.  Kilkenny  coal         .         ■         4     percent. 

3.  Caking  cod  .  .  1-5 
a.  Splint  coal              .         .         9-5 

4.  Cherr)-  coal  .         .       10 

5.  Cannel  coal  .         .       11 
le  following  table  exhibits  the  qiinntity  of  coke  whidi  1000  • 

parta  of  cacfa  of  these  tpeeies  of  coal  forms. 


iCOlM. 


VCrlmM  or 
cvalnn- 

WrliMur 

CuLo 

ftinufrl. 

VollCllc 

(■MUcrilii- 
•l;iiL«L 

Wriihi  pf 

ckULltiiK 

UEkthtof 

Him. 

Voluue 

Kilkenny  coal 
C'ukiii);  coal 
Splint  coal 
Cherry  a»al 
Caniiel  coal 

lOOO 

lono 
looo 
iouo 

1000 

667-0 
774-0 
647  3 
6225 
400-0 

1330 
226-0 
352-7 
477-5 
600-0 

1000 
1000 
1000 
1000 
1000 

661-4 
770-6 
610-3 
469-4 
326-8 

138-6 
229-4 
389-7 
530-6 
674-2 
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I  determined  tbe  consdtaento  of  theae  diffierent  qwdes  bj 
headng  tfaem  in  contact  with  peroxide  4^  coffer.  The  fbllow- 
ing  tables  exhibit  the  result  ol  these  ezperimentB.* 

1.  QMatitttaita  by  weight. 


Cutan. 

1 

HjdiugvL 

Axta. 

Omn. 

T«^ 

Kilkenny  coal 

92-92 

0-00 

OKM) 

7-08 

100 

Caking  coal 

75-28 

4-18 

15-96 

4-58 

100 

&)lint  coal 
Cherry  coal 

75-00 

6-25 

6-25 

12-50 

100 

74-43 

12-40 

10-22 

2-93 

100 

Cannel  rani 

64-72 

21-56 

13-72 

OKMI 

100 

S.  CcmstituaiU  in  atom*. 


TUd 

CutnL 

tITQHfVL 

AmUm. 

Oxnm. 

■  imtiirf 

Kilkenny  coal 

35 

0 

0 

2 

37 

Caking  coal 

83 

11 

3 

I'fi 

48-5 

Splint  coal 
Cnerry  coal 

28 

14 

1 

3* 

46-5 

34 

34 

2 

1 

71 

Cnnnel  coal 

11 

22 

1 

0 

34 

*  Annati  of  PhiloBopb]',  xiv.  61- 


li. 


I 


I 


PART  in. 

OF  SECOSDAKY  COMTOUNDS. 

secondary  compounds,  is  meant  tbe  compounds  formed     iinnt. 

tkc  union  of  the  primary  compounds  willi  each  other.     Now 

ihe  nvutnti  primary  umipuiintU  vntcr  into  but  few  com- 
UmtioDB,  it  in  oliviitLiH  tliat  the  secondary  i'»m]ioun<la  must 
teamt  cliiefly  of  combinations  of  the  acids  witii  tbo  buseti. 
Sudi  oompoundH  arc  called  «;//».  They  constitutv  u  very 
nttaifn>n)>  jukI  important  HCt  uf  bwiit-s,  wLicb  it  b  of  great  cun- 
■equence  to  undcretimd  wcLL 

'I'lie  word  suit  wan  originally  confined  tu  common  aali :  u^h.  >hw. 
■ubstancc  wLich  lus  been  known  aiid  ii]  common  uite  from  the 
rFmot«-»t  a^s.  It  wns  afterwards  generalized  by  cliemists,  and 
cmpluyvd  by  tlieni  In  a  very  cxU-nNivt:  luid  not  very  definite 
wnse.  Ever)-  body  which  i»  Mipid,  «iMly  melted,  soluble  in 
vntcr,  atut  not  combimtililc,  has  been  mlled  a  mlt. 

Salts  were  n>n<.idrrcd  by  ibc  older  cbemista  as  a  class  of 
bodies  intermediate  between  earths  and  wiU-r.  Many  diajnitei 
atose  about  what  bodies  ought  to  be  comprehended  under  this 
clan,  and  what  ought  to  be  excKuli^d  from  it.  Acids  and  ulka- 
Um  v«Tt  allowed  by  all  to  be  aults ;  but  tlie  difficulty  was  to 
dclvrmine  concerning  ourtlut  and  metuU;  for  M'veral  of  tlie 
tATtbs  pusM-H  all  tJio  properties  which  have  been  Mcribed  to 
salts,  and  the  metals  are  capable  of-enlering  into  combinations 
trhtch  poasem  saline  properties. 

In  proce««  of  time,  however,  the  term  tail  was  restricted  to 
throe  duscM  of  bodies ;  namely,  adds,  alkalien,  oxtA  tbe  co>n~ 
fotrnds  which  aiiids  form  with  iilkulieM,  earths,  m»1  mctidlic 
oxide*.  Tbe  first  tn'o  of  these  ctuMee  were  cidled  timple  naUn  ; 
the  salts  belonging  to  the  third  clasa  were  culled  com/iound  or 
txutral.  Tim  laxt  appellation  originated  from  an  opinion  long 
cnt«Ttained  by  cbemistK,  that  acids  and  alkalies,  of  which  they 
lire  composed,  were  of  a  contnu^-  nature,  and  tJiat  they  coiui- 
tentcted  one  another;  so  (hat  the  r^^ultiiig  compouiiiU  ptxt- 
•esscvl  neither  the  properties  of  acids  nor  of  alkidics,  but  pro- 
perties intermediate  between  llie  two. 

C'hvmisb  have  lately  rcslrictetl  i\u.:  lerai  tall  still  more,  by 
tacitly  exoludiiig  acids  and  alkalies  from  tlie  class  of  sadts  alto- 


I 


878  8ECOMDAIIV  COMPOUKDS. 


P 


*^"'-  gether.  At  present,  then,  it  denotes  only  the  compounds 
formeil  by  the  combiiialion  of  aci<U  witli  alkalies,  cartliB,  luiii 
metallic  oxid«8.* 

At)  litfTe  tav  niim  cltusM  of  oxiAn,  it  ta  obvious  that  there 
must  he  as  many  classes  of  tuilte.  1  sliaU  ffve  an  accouot  of 
these  different  classes  in  successioD. 


CLASS  L 
OSYOEK  ACIDSALT'SL 

JJ^I™*'*'  This  class  of  salts  has  been  lonj^st  htiuwn  and  most  com- 
pletely iiive-ttigali'il.  Of  course  the  salte  belonging  to  it  are  by 
&r  the  most  numerous.  According  to  the  notnenchiture  intro- 
duced by  Murvcau,  which  is  still  followed  in  chemistry,  the 
genera  of  these  salts  are  named  from  tlicir  acid.  Thus  if  thv 
seid  be  futphnric  tlie  salt  U  called  a  gulphate,  if  the  acid  be  the 
nitric  ilie  salt  is  called  a  nitrtttt.,  and  so  on.  The  species  are 
dixiiiifruiHlied  from  each  other  by  adding  tlie  ruune  of  (he  Imw. 
Thus  sulphide  of  soda  is  a  salt  composed  of  sulphuric  and  aiu} 
toda;  oxaialt  of  liiiM-  U  a  sail  composed  of  oro/i*?  acid  and //aw. 
"When  the  salt  is  a  compound  of  one  atom  of  aci<I  with  one 
atom  of  base,  it  is  distinguished  simply  by  the  name.  If  the 
salt  contains  two  alirmn  of  acid  united  to  one  atom  of  basr,  the 
Latin  numeral  udverb  &u>  or  hi  is  prefixed.  Thus  biavtphttit 
of  potash  U  a  mit  composed  of  two  atoniK  sulphuric  acid  and  one 
atom  p»t;ish.  Were  there  3,  4,  &e,  atoms  acid,  tlie  numeni 
adverlks  ter,  quater,  &c.  would  be  preiixed.  Thus  quau^roxalute 
of  potash  means  a  compound  of  4  atoms  oxalic  acid  and  I  atom 
potash.  NMien  there  exists  an  atom  and  a  half  of  acid  united 
to  one  atom  of  base,  the  I.ntin  term  setgui  (one  and  a  half)  U 
preRxeil.  Thus  sm^uicurlxmate  of  soda  is  a  compound  of  1| 
atom  carbonic  acid  witJi  1  atom  soda. 

When  two  atoms  of  Inisc  are  combined  witli  one  atom  of 
add  this  ts  denoted  (>y  prefixing  the  Greek  iiamend  adverb  dit. 
Thus  diphosphate  of  potash  means  a  compound  of  two  aunH 
potash  with  om-  atom  phosphoric  acid.  Tlic  prefixes  tris 
tetnikis,  &c.  indicate  tliree,  four,  &c.  atoms  of  base  with  one 
atom  of  acid. 

After  considering  tlic  subject  wiili  considerable  attention,  I 

*  Thr  trrmi  tail  and  nfulr\it  t'ltt  nrc  often  conroundcd.     In  this  worfc  tl 
c|»UicC  nni/ivl  ii  confined  (O  salts  liaiinft  no  uc«*s  of  Kid  or  tiwe. 
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link  the  moiJc  of  arranging  tin?  wilW  according  to  the  bases  ta     fl^f* 

tcvnded  widi  sucli  ailrantngos  us  to  iruliicc  m«  to  ttAoyii  it  in  tliis   

'Work.  Weitliuuld  t hi.- rcfore  divide  tlusclitits  into  4'iMecltons, 
allowuig  a  HCcUoii  for  tbo  nalot  formed  by  tlic  combinuliiin  of 
mA  ntifiable  base  with  the  diflVrejit  acids.     I)ut  therv  arc 

IMrmal  of  the  acitl  Wi^-x  wliicti  combine  willi  aei<U  and  fonn 
nits.     'lilts,  tugerticr  witb  the  double  m\t»,  will  oblige  us  to 
diride  the  c/a«s  itiio  no  fewer  than  52  scclioiis. 
SECTION  I. — 8AI.TS  OF  AMMONIA. 

I  1.  n»e  salts  of  ammonia,  witJi  a  very  few  exceptions,  ate  all 

Mdabte  in  water. 
S.  When  potasb  or  quicklime  is  mixed  with  an  tunmoiiiucul  au™c«i», 
a  Kmell  of  ammonia  is  emitted. 

If  to  an  umnioiiiacal  salt  dissolved  in  wiiti^r  a  little  ttult 
tinitatning  magnesia  be  ailded,  ajid  afterwards  wine  p]ioMphat« 
nf todu  dropped  in,  a  eopiouw  wbilt.'  precipittitc  falls. 

i.  When  au  animoiiiaud  mlU  U  vxpcised  to  heat  it  is  oom- 
plrtely  clin)]>ated  iu  rapoura;  except  when  the  acid  hit^  a  fixed 
artat,  or  phosphorus,  or  boron  for  its  base,  in  which  lust  ca»e 
tliF  acid  ulune  remains  behind. 

5.  'Hie  ommontiical  salt-*  are  not  prccipilaied  by  iiifuMon  of 
iiut>galU  or  prussiatc  of  puUiAh, 

:  When  a  tiolution  of  plutinum  is  dropped  into  a  salt  of 
min,  a  yellow  coloured  precipitate  &Uit  iu  very  Bmall 
Is. 
This  genus  of  salts  has  been  very  fully  investigated.     Th« 
lUowing  are  the  dilTiTt'iit  >pccieH : 

Sp.  1.  Sulpltatr  u/  arnmtrnia.     'Ilii*  salt  was  discovered  by  f;;^'^^'' 

lauber,  an<l  called  by  him  Hfcrrt  ml  ammoniac.     It  was  also 

led  vitriolated  ammottiac.      It  may  be  prepared  by  satiinktilig 

lOnia  with  xulplmric  acid,  or  by  decomposing  sal  ammoniac 

iD«flU)S  of  sulphuric  acid.     It  exists  native,  and  U  then  dis- 

blicd  by  the  name  of  MiKuraj/win.     There  are  two  sub- 

of  this  salt,  differing  from  eiich  other  in  tlie  water  of 

don. 

(I.)  Pnto'ht/drated  auip/iMe.     I  obtained  it  crystallized  in 

[rtgiilur  rcdanguhir  plates,  and  conwder  tlie  form  of  the  crystal 

\>f  a  four-«id«d  prism  witb  square  bases.      It  is  transparent 

id  colouriets.     Its  specific  gravity  is  '2.     Ithiis  ai^lior])  bitter 

It  is  aoluhle  in  twice  its  own  weight  of  waU>T  at  thv 

iperature  of  60%  and  in  iu  own  weight  of  boiling  water. 

'atcr  of  lli«  temperature  of  144°  disHolvM  0'76  of  its  weight 
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of  this  «Ut.*  WliiMi  cxpmrd  to  the  uir,  it  Hlawly  atUieti 
moistun.'.  Iixtoed  from  the  experimenta  of  Hiitchott  it  is 
obvious  that  at  a  red  heat  tlie  suit  1.1  eoinpletely  decomposed. 
I  found  UkU  variety  composed  of 

1  atom  fltilphuric  acid       .         .         S 
1  atom  iimmoiiia      .         .         .         2-125 
I  utoin  u-utoi  .         .         .         l'l'25 


(3.)  t)eutt*'ht/dra/fd  stiiphate.  From  the  aiialysvs  of  Kini'an 
aiid  Itt-rzcUii.-'  it  a{<])c.-in  that  thiit  variety  is  the  modt  comrooB 
State  of  tliR  salt,  in  wliich  it  i^  obtaiued  when  dilute  Bulphuric 
acid  is  satunitcd  n-ilh  carbonate  of  ammonia,  aiul  tlie  lii|ui<l  aftui 
being  §ul}iciently  concentrated  is  set  aside  to  crystallize.  1'be 
crystals  seem  to  have  exactly  the  same  shape  as  those  of  »ul< 
phate  of  potash.  In  oilier  n-si>ectii,  it*  properties  agree  witU 
those  of  the  preceding  variety.  I  have  never,  however  dctrr- 
uinecl  its  specific  gravity.  From  the  analysis  of  Berzetiua,  iM 
oonstitueoti)  arc 

1  atom  sulphuric  acid        .         .         6 

1  atom  ammonia      .         .         .         2-125 

2  atoms  water  .         .         .         3'26 
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By  drjing  it  on  the  sand  bath  it  loses  ono  atom  of  water,  a 
is  converted  into  llie  firitt  variety. 

2.  iimdphnlf-  nf  ammonia.  Tliis  salt  is  easily  formed  hy 
dissolving  the  preceding  in  water  aci<lulateil  with  a  quantity  of 
Bolphuric  acid  equal  to  that  which  the  salt  cuutains,  and  thea 
eraporatiiig  tlie  solution  to  the  proper  con.sislency.  Ilia 
bisulphate  vrystalliies  in  thin  rliumltoidul  plates.  It  has  anadiJ 
and  bitter  taste.  W'licu  exposed  to  the  air  it  speedily  attiacO 
moisture  mid  deliquesces.  It  is  sohible  in  its  own  weight  a/ 
cold  water.  It  is  a  compound  of  two  atoms  sulphuric  aeidand 
one  atom  ammonia,  but  I  have  not  determined  the  water  of 
crystallization  wliicli  it  contjiinn. 

■i.  Sui/t/iitc  of  ammonia.  This  salt  b  easily  obtaiued  bf 
passing  a  current  of  sulphuruits  acid  tlirough  u  solution  of 
ammonia  iii  a  Wootfe'a  bottle.  The  silt  may  be  obtained  ery»- 

^ •  WmuiJ,  p.  aoa.       
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in  9ix-jtMl«d  {triHRiN.     If)  Uukte  in  coolmfi;,  sharp,  »n<l 
['•uIpliiircKtw.     When  lmt«<l  il  d^cwiiiUites,  nn<l  bec«ine«  white , 
witltodt  mpUin|r,  giviitjr  out  a  liltiv  ammoiim  im<l  Ix^hifr  coii- 
TiTtfd  into  n  t>t>tiil[Oiiu-.     It  (lii«^>lvi>s  iii  iU  own  woight  of 
water.     It  hits  not  1>ppn  atialy7.e(l,  hut  U  probably  a  ctHnpound  of 
1    Atom  «itlp)iurniiA  avid  .         .         4 
1    atom  ammonia     .         .         .         2025 
J  atom  water         .        .        .        0-5625 


OutL 


my  1 


6-6875 
4.  Uppnmtphiff  n/amnwtiin.     According  to  Mr.  Heradiell,  Jh^^ 
tliF  only  ponott  who  has  Ititlicrtn  I'xamined   tliin  sidt,  it  is 
tlv»ys  a  compound  of  3  atoms  arid  witli  1  atom  Im^c ;  so  tliut 
h  la  a  bihvpnsutphile.      It  dnex  not  roudily  cry»tiilli/«< ;    hut 
vWn  much  (■iinccnlrnlcd,  cooU  iitlo  a  confused  pappy  mass  of 
'  mlnntc  spicals.     Its  tostr  U  tntingly  pungent,  Hucceeded 
dts^ufiling  bitterneM.     Vhcn  licatod,  it  bunts  with  a 
;  flame,  and  evaporates  entirely.* 
5.  Hi/fitmulpkate  of  ammonia.     'Hiia  suit  was  formed  by  M.  ^>J*|^ 
H«e»ntff  Hiuidnirgh,  by  docnmpiwing;  hyposulpWe  of  luiryt«'s 
tiy  Bwans  of  Kulpluitf  of  ammonia.     It  in  ^u  !«oliihlc  in  n-ater 
'^l  br  was  unable  to  obtain  it  in  rc^dHr  crystnltt.      By  spon- 
litifoiw  evaporation  some  needle-diapcd  cryslids  appeared.    At 
4*  u-mjMTatUM!  of  60*  it  di«iolves  in  0'7»  of  its  weight  of 
«tef.   During  ihe  Mhilion  the  tcini>eraiure  fiinkfi  conHi^k'nibly. 
It  i*  insoluble  in  absolute  alcohol.     Tho  toMe  \^  cooling,  and 
"WiiUr  to  that  of  Glauber  salt.     When  heiited,  il  gives  off 
•Uer  withntir  mcliing,  ihen  suIphuroHs  acid  is  expelled,  iind 
Wft'^idue  (which  now  melts)  is  *ulplmti'  of  nmrnonla.     Its 
Mitdtaents,  as  determitied  by  the  analysis  of  KI.  IIeer«n,  are 
I  atom  acid       ...         1} 

1  atom  ammonia       .         .         2*125 

2  atonn  water  .         .         2-25 
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6.  titrate  nf  mmutinia.     Thi«  salt  has  been  long  known :  it  Kmu. 
WW  formerly  distinguisJied  by  the  names  t>i  tiitntm  ttmirofatile 
nd  nitrvm  fiamman*.     Ilerthollet  examined  it  in  tlie  course  of 
Ua  eXi>erimciitM  on  the  component  parts  of  nitric  ikcid:  and 
8fr  H.  I>i\-y  liat  midcd  i'oii*i<lerably  to  our  knowledge  of  iu     ' 
eompoeition  and  decomposilioii.f     It  may  be  prepared  hy  dis- 
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^*""'-    solving  cnrboimtc  «f  nmmonia  in  diluUid  nitxic  acid,  and  cva- 
puniting  the  solution  till  die  salt  crystallisKs. 

The  appearance  of  this  salt  varices  very  mucli,  accoixling  to 
the  temperature  at  which  it«  Molution  is  cvitponUod.  In  a 
moderate  heat,  70"  or  100'  for  iti^Uince,  and  by  slow  cooltii^, 
it  i.H  obtained  in  six-sidi-d  prisms,  terminated  by  long  six-&ided 
jiyrninidi!.  When  the  solution  ia  evaporated  at  the  tempera- 
ture of  '^12*,  the  i:Ty§tals  are  cliaunelled  and  have  a  fibroai 
texture,  or  they  are  formed  of  loujf  ^oft  olii-itic  threads.  When 
dried  in  n  Lcat  of  about  300°,  it  oasumeti  the  form  of  a  white 
compact  nia»s.  These  ditTerences  arc  owing  to  different  pro-  . 
portions  of  water  of  crystal  11  zation  which  the  salt  contains.  ' 

Nitrate  of  ammonia  has  a  very  acrid,  bitter,  diaa^eesble 
taste.     Its  specific  j^ravity  is  1-6785.*     At  die  temperature  of 
60"  this  iialt  Lt  .'ioluble  in  two  purtt  of  wnter :  it  dL-u>4>lv«-«  in 
half  iU  weight  of  boiling  water.f     It  mnsl  be  observed*  how- 
ever, that  its  volubility  varies  nnth  die  proportion  of  water  < 
crystal  ligation  which  it  contains.     When  exposed  to  the 
nitrate  of  ammonia  soon  attraeta  mointure  and  deliquescetc 

Wh«>n  lhi!4  Halt,  in  the  sLite  of  fibroun  or  ])riMnatic  cry»b 
is  heated,  it  becomes  fluid  at  a  temperature  behiw  300** ;  b^' 
tween  iiGO"  and  400°  it  boils  without  decom[>osiiion  ;  bm  whecm 
lieiLted  to  4.'>0'',  or  somewhat  higher,  it  i»  gr.iiliuilly  dtKoinpoMcl 
without  losing  iti!  watvr  of  crystilliicatton.  ComjMct  nitrate^ 
on  the  other  Land,  uiidergue*  little  or  no  chaiigv  till  it  it# 
exposed  to  a  temperature  higher  thiui  '260°.  Between  376^ 
tiid  300°  it  sublimes  slowly  widiout  decomposition,  and  with- 
out becoming  fluid.  .\t  320**  it  melts,  and  at  the  same  tioac  i^^ 
partly  decomposed,  pardy  sublimed.^ 

When  Uiis  Milt  is  decoin]>oxed  in  a  temperature  not  excewl— 
ing  500^,  it  is  wholly  convcrt4>tl  into  protoxide  of  axote  am^^ 
water.  From  the  experiment*  of  Davy,  it  appears  that  tbes^^ 
products  are  nearly  in  tlie  proportion  of  four  parts  of  gas  tc=^ 
three  parb*  of  water.§  It  is  easy  to  sec  that  (abstructiug  the 
water  of  crystallization)  it  must  be  decomposed  into 
WaUr  .  .  .  a'375  or  SO 

Protoxide  of  luote .         .         Ii-5  44 

Hsv  thia  is  nearly  iii  tho  proportion  of  H  parts  of.  wal«r  to  4^ 
porta  of  protoxide  of  azote.  M'lien  it  i-«  exposed  to  a  heaC 
above  600',  this  dalt  explodes,  and  is  totally  decomposed,  beit 

•  HiuBenfrsti,  Ann.  de  Chtm.  xxvUi.  IS. 
•f  VooTctoy,  iiL  19^,  Bng.  Trans. 
i  IXiv}.  |>.  8j.  §  Ibid-  |i.  ia». 
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conr«rtcd  into  nitroua  add,  nilrouit  pi8,  wat«r,  and  azotic  gii».     ^V*]* 

This  pbenoinenoii,  oIisci-vkI  long  iifto,  induced  the  older  clic- . 

mists  to  give  Uie  will  the  numo  of  nttnim  Jftimmmi*.  The 
nature  of  thv  decomposition  was  first  a§cer tain cd  by  BerthoUet, 
uid  more  lately  it  ha^  lieeu  examined  by  Davy,  Iti  eonstitu- 
rnts,  as  determined  by  Iterxeltus,*  afiervrarda  confirmeil  byun 
■nljrBM  of  my  own,t  are  at  ToUows  : 

1  atom  nitric  nci<l      ,         .         6*75 

I  atom  iimmoniii       .         .         2-125 

I  ntom  wat«r    .        .        .        1-1S6 


10 
Sr  H.  Davy  analyzed  tlie  salt  in  cryittalti,  io  a  fibrous,  and  in 
■  pniinalio  »tate;  Um  results  were  as  follows: 

Jtc'ti.  AiniiK»U.  WoUr, 

Crysted  .         .         69-3   +    18-4   +   12-1 

Fibrous         .         .         72-5   +    19-3  +     8-2 
Compact       .  74-5   +    Ift-S  +     6-7 

IW  proportion  of  ammiintu  w  too  small  in  all  of  these  ana- 
IflK  But  if  we  make  allowance  for  tJiis  defect,  the  comptnitivn 
in  uoDis  will  be  nearly  as  follows : 

AoJ.  Sue.  Wittr. 

Crystals     .         .         1  atom  +  I  atom  +  I  atom 
Fibrous     .         .         I  -t-  1  +  0-67  or  | 

Corapct    .         .  1  +1  +  0-45  or  j 

7.  Hypom'trUe  iif  ammonia.     This  salt  is  obtained  when  iinnniuiw. 
dBponitrite  of  lead  and  sulphate  of  ammonia  are  dissolved  in 
'^ter  and  mixf^l  in  die  atomic  proportions.     The  solution 
H'ben  eviiponited  ^ivi>«  an  irregularly  crystallized  ma»»,  con- 
taining one  atom  of  water.     When  heated  to  122'  it  gives 
Out  azotic  gM  (according  to  Beraetiui,),)  and  is  converted  into 
ditmlc  of  ammonia. 

8.  Carbonate  <^{aniittmia.  TlnA  mlt  bait  been  long  known,  cubaiat*. 
It  is  ofien  obtained  by  diMtillinji;  animal  )iul)stanceH :  but  fur 
dientical  purposes  it  Si  best  to  extract  it  from  <tul  ammoniac  by 
tn«ans  of  elialk.  Two  parts  of  chalk  and  1  part  of  sal  ammoniac, 
botli  as  dry  as  poMibIc,  are  mixed  together  and  put  into  on 
earthen  retort.  On  the  ap|>[ication  of  a  sufficient  beat,  carbo* 
iiate  of  ammonia  sublimes,  and  ik  obtained  in  the  sLite  of  a 
wliit«  cryntiillixed  insttA.     'I'he  crystnls  tire  so  Mnall  and  so  iirc- 


*  Ann.  de  Chiiti.  Uh.  ISS. 
i  Oilwrt'a  Aaittlen,  si  £00. 
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gular,  that  it  is  difficult  to  anoertitin  their  form.  According 
Bei^rmaii.  tliey  may  I>e  oUtniiied  iiirlicmibicoctu)ie<]rDti!«,liaviii^, 
fiar  ttii^  taiMt  part,  tbcir  two  opposite  apexes  truncatod.*  Tto 
liist«  ]ui<l  stnell  of  UiU  salt,  though  much  weaker,  are  the  Ranifl 
with  those  of  pure  ammotiia.  Like  nil  the  alkaline  carbonatM, 
It  converts  vegetable  blues  to  green,  precUcly  an  pure  a! 
do.  lu  Hpceific  gtsvity  is  0-!)66.f  It  is  nolublc  in  rather 
than  twice  its  weight  of  cold  water.  Hot  water  dissolves  ill 
own  weight  of  it.  Boiling  ivater  cannot  be  employed,  beniiM 
at  tliat  heat  tlie  carbonau-  ix  volatilized.  A  SAturated  nqueoia 
solution  boils  at  179°  or  ldO°.  Its  constittionts,  when  in  crj'B. 
I«l»,  are 

1  atom  carbonic  acid         .         .         2-73 
I  atom  ammonia      .         .         ,         S-lSiS 
1  atomu-aier  .         .         .         M25 


6- 

0,  SfaqtiicnrioiMtf.  i^f  ammonia.  This  is  the  name  which 
on^t  to  he  applio^t  to  the  carbonate  of  ammonia  of  the  sliops. 
It  it  in  hiir<l  whit«>  cakes,  about  two  inches  tliick,  oiid  is  evi- 
dently obtained  by  sublimation.  At  leart  I  have  never  meft 
with  any  of  these  caltes  that  did  not  contain  an  exci's?  of  car- 
bonic arid.  !t3  constituents,  from  a  careful  analysis  made  in. 
my  laboratory,  were  found  to  be 

l|«lomcK-id         .         .         .         4-125 
1    atom  ammonia  .         .         2*125 

1    atom  water     .        .        .        1*I2£ 


7-375 
The  carbonate  may  he  formed  by  mixing 

1  volume  carbonic  acid  g:is, 

2  volumes  atnmonincat  gas, 

1  volume  vapour  of  water. 
The  sesqidcarbonate  by  mixing 

1^  volume  carbonic  acid  gag, 

2  vobtTntw  nmmoniticul  giL«, 
1    volume  vajMnir  of  water, 

10.  Bicarhonate  of  tmttiKmia.  This  salt  may  be  obtained  by 
exposing  ihe  common  carbonate  of  ammonia  in  powiler  to  the 
air,  or  hy  causing  a  current  of  carbonic  iicid  gas  to  yaxt  tlirouf:^ 
a  solution  of  it  in  water.     It  erystoUixcs  in  six-aded  prisms, 


*  Ber^M),  i,  SI.  f  BatMnfratt,  Aan.dc  Chkn.  xx*iii. 
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luuully  small,  Itts  no  smell,  and  tcsa  taste  tlian  the  carboiutto. 
ll  distoKoa  in  8  limes  its  weight  of  cold  water.  Hcrtliollet  has 
shoirii  thai  when  the  sidiKiuii  U  t-lighily  heated  the  «dl  htsesa 
portion  of  its  add.  It  wusaiudyz^^d  hySchrader,'  Borthollet,f 
bimI  Pbiltiits}  from  tlic  result  of  wtio!i«  analyses  U  is  obvious 
Its  i-oiistltiicnts  arc 

3  atotnti  carbonic  acid         .         .         5-6 
I  atom  ammonia        .         .         .         2-135 
3  atoma  water  .         .         .         2-35 


CiMl 


&-875 
U.  Phonphate  (^  ammonia.     This  salt  exists  in  urine,  a»d 
v«lH  to  have  been  fir^t  accurately  di^tittguiiihed  by  Koucllc. 
It  vaa  afterwardi  examined  by  Lavoisier  in  1774,  and  still 
more  lately  by  Vauquelin,^     It  is  usually  prepared  by  satu- 
JUiD^  with  ftnirnoiiifi  the  »ii|K'q>boti[)hatc  of  lime  ohmined  from 
nm,  and  t-vitjiontting  the  solution  to  ^iich  n  con->istciicy,  thiit 
wlicn  allowed  to  cool  the  phosphate  of  aiumanLa  is  obtained  in 
cryftils.     For  the  most  complete  examination  of  phosphate  of 
ORiiiKinia,  we  are  indebted  to  Mili-herlicti-H 
I       Ha  crystals  which  form  (if  we  leave  the  saturated  solution 
to  i^ntnncotu  eva|»oration)  are  large  aiid  tmoHiMtrent.     After 
tile  crystals  have  been  deposited  the  solution  is  tisually  acid. 

The  shape  of  the  crystals  is  an  <4>li<)uv  rliombie  priiun,  in 

*bicli  M  on  M'  in  an  angle  of  g-t"  ac,  and  P  o»  M  1 05"  23'. 

In  the  cry»tnU  the  niigte  A,  is  often  replaced  by  a  face,  making 

'mc  Mmmit  of  tlte  prism  consist 

**f  two  feces  like  the   roof  of  a 

«»ouje,  Thb  new  lace  makes  with  * 

^  m  angle  of  1 09*  44'.     Some- 

*^Oi«i  tlie  uiiglew  E,  E',  and  O, 

*'*>  also  rcplured  by  small  triaii- 

fe^tlsr  feces.     When  these  crys- 

**ll  are  exposed  to  the  air,  they        N. 

^flfcfeace,  and  at  the  same  time  \ 

^^■e  a  portion  of  their  ammonia, 

T*^  tliat  they  are  at  last  converted  into  biphosphate  of  ammonia. 

^  ^  taato  is  saline  and  cooling,  with  an  impreiwioii  of  bitterness. 

''^dasolves  in  four  times  its  weight  of  cold  water,  bntisdoubt- 

*  OeUoa's  Jour.  iL  56S.  f  OeMon's  New  Algcni.  ^our.  in.  VA. 

I  Ansals  of  PhtloM^j-  {id  nrio),  i.  1 10. 

$  Jour,  da  TEoolc  Polyiechniiiuc. 

I  Ann.  da  Chiia.  tn  <le  Vhj*.  xix.  389. 
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"-  less  more  soluble  in  hot  \nttr.  When  heated  it  melta^  and 
g7»dually  l(>)ie<)  its  ammonia  and  part  of  its  wau-r,  aiMl  it  conr 
Vrrt«<1  Into  )iydrat4><l  |iha)ipliorii^ acid.  IlscoD<)tituoiits,asd«t«^ 
tained  by  Mit«h4Yl)«b,  ere 

I  ">  1    atom  pho»pfaorio  Acid         .         .         41*6  i 

"'  'I'  f'l    atom  ammuRia  .         .         .         2-125 

1^  atom  water  .         .         .         1*6875 


■■(, 


a-3135 

I  ohtatnM  S  atoms  of  water;  t>ut  ait  tlio  axialyds  wan  made 
8im|>ly  by  precipitating  tlio  acid  by  motiiis  «f  uitratc  uf  lead,  the 
KHidt  is  sontewliat  uneertain.*  On  that  aocou lit  I  r«ther  pre- 
fer tlie  experiment  of  Mitclierlicb. 

12.  liiphanfihaU  tif  ammonia.  This  salt  is  easily  obtniiicd 
by  sdduig  ])k(Nipkoric  acid  to  a  aoliitjou  of  phmpboM  of  aouo<^ 
niai  till  it  Htrun|{ly  roddi<u<(  litmti!*  pnpi^r,  luid  ciaisci  to  precipi- 
tate muriate  of  barytes.  When  the  suIuhmi  Is  uuiiixrttratvd  it 
crystallizes  readily  ia  octahedrons  With  square  baHes,  haviof 
most  commonly  a  four-sided  right  priHm  interposed  betwe«a 
the  two  pyramidH.  lliia  is  the  8»It  tlial  Um  hiH-ii  IoiikoiU  known. 
ati<l  wliich  ia  tlf!tcri))i>d  in  older  ehvinin-ul  books  uuder  the  nnat 
of  phospliute  of  amtnoiiiit. 

Ita  cT^-Htols  are  traii«parctil,  and  undergo  no  alteratien  by 
eitposure  to  the  uir.  The  ta.>te  is  acid,  and  cooling,  and  saliae. 
Wlii-n  heated  it  toelts  aiid  stvflla  up  ideally  from  tin;  oMivcr- 
«ioii  of  tlie  water  InUt  valour,  and  the  extriaUivn  of  tjw  acDine- 
ni(u  liy  ei>ntiiiniiifr  th<;  hvM  nothing  romaina  ut  lau,  bol 
hydrated  plionphuric  acid. 

I  found  tlutt  0-05  gniiu  of  this  salt  were  deoompowd  Itf 
41*5  grains  of  nitrate  of  lead.  l-Vom  thb  I  conclud«d.t))»t  tk 
saltisanhydrou.'t.t  liut  thi«mudeofaiiiily»J8cttnii»tbedepen<M 
on.  Tliere  ia  no  doubt  tliiit  it  contains  water:  becnuu]  thw 
liquid  ia  disengaged  when  the  salt  is  heated.  MJtcherKcb') 
analysU,  assisted  by  a  little  calculation,  gives  itn  constitutiDn  » 
follows : 

2  at<nnB  pbosfdioric  acid  .         .  9 

1  atom  ammoDia  .         ,         ,  2-1^ 

I '  >  >  •  3  atoms  water  .         ,         .  S*37S 

■  jj  ,      , 

>i>ii'   M<iiiiiniu>  Aii  ti^i'  14'5 

19.  PAo^a  {^aamtmia  may  bo  obtained  by  ati 


i 
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sboroof  ftoU)  witir  carhonute  of  ummonia.     Wlioii  ouiicen-     ^^^  >■ 


itt^ii  W  thfl  ocMisinU'iii'v  uf  n  syrupi  it  ytvUls  UigiT  crystnls, 

[which  ar«   very  Ju liquescent.      When  heated  it   gives  out 

'  ammonia,  and  t\w  phosphorous  acid  aiid  uraler  remain  ai  if  tliey 

had  not  bectt  oomhiited  with  ammoniiu     When  die  hisii  'a 

iocrettsed,  tliia  acid  is  decompont-d  in  tlie  muni  wny,  and  ot  liHt 

I  ft  bydrated  phfl«phoric  acid  remiu'nti.*    It  has  not  b«en  analyzed, 

but  from  the  phi'iiomcim  of  its  dccompuution  there  can  be  little 

}t  that  it«  constituents  are 

I  atom  phosphoronfl  acid       .         .         3-5 

1  atom  ammonia  .        .        .        2*ltU> 

2  atoms  waU-r  .         .         .         2^5 


'-"■■"'■'   ■''■■•     -''  ''-  •■■■'"  7-875 

Th«r«  It  bI»o  n  hiphofpfiiie  of  etiNiwMiM,  but  it  ban  not  heen 

partlcnlarly  examined.  

U.  HjffiopA/igpAite  of  amiHOnial'  This  salt  Rns  heen  cxain- 
bed  Only  by  Duloiig.  It  i^  v«>ry  deliquescent,  and  dLwolvcs 
my  midily  in  wator  and  al>M)hile  idcobol. 

15.  Arntninte.  of  amiiMnifi.  Tliis  aalt  may  bo  pri-pnrt^l  hy 
lUlnjif  iimnMnift  to  n  cmtceiitrated  solution  of  arevntc  acid  till 
t  precipilule  Dppear.  lliis  precipitate  is  dissolved  by  beat, 
and  the  liquid  being  set  aside,  depositea  large  ctystali  of  arse- 
niate  of  ammonia.  i'-<  *•■'  >'t 

Mitcherlieh  lias  ahown  that  the  «alt  rCWirtbIM  pbosphute  of 
nnnionia  m>  clo«ely,  tluit  we  cannot  distinguish  tliem  from  each 
ether  liy  tlieir  ^-xtcrnal  chaniiteni.     They  have  the  same  taste, 

I  and  the  crystidllnv  shtipe  is  tlie  same,  an  oblique  rhomboidal 
^TBim.     Tlie  angles  dlffiT  a  very  little  from  those  of  phosphate 
^eif  ammnnia,  hnt  not  so  much  tliat  tliedilTereneo<»)t  he  detected 
'by  thr  eye.     The  mcusuremenU)  of  arscnuittf  uf  annuniia  are 
IM  followH ; 
>     M  mi  M'  fUt*  54',  or  l»  24'  greater  than  in  phmphate  of 
lanmonia. 
P  oti  M  105°  46',  or  23'  greater  than  phosphate  of  ammonia. 
/  (the  face  on  A)  on  P  109'>  6',  or  B&  leia  than  in  phosphate 
of  amnumia. 

»W)ien  faeateil,  ammonia  i»  given  out,  then  water,  while  at 
laiit  arsenic  sublimes,  and  azotic  gus  is  oxtricuted.  When 
this  salt  is  exposed  to  the  air  it  loses  half  its  ammonia,  and  is 
converted  into  blnaneniate  of  ammonia. 

I     According  to  tJu^  uiuiiyHU  of  Mitclierlich  il«  oonftituenia  are  _ 
■  n.  Ro«e,  PuycmdorTi  Annalvn,  ix.  SK                                  ^^fl 
i fl 
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ci«"  L  1    atom  aisenic  acid         .         .  7-S5 

■  1    atom  ammoiria  .        .  <S*tS6  ■ 

1^  atom  water  .        .  I-687S : 


11-062S* 


My  analysis  was  not  sufficient  to  determine  the  true  consti- 
tution of  this  salt,  as  it  was  made  simply  by  predpitation.-l- 

16.  Binarseniaie  qf  ammonia.  Tliis  salt  is  easily  formed  bf 
adding  to  a  solution  of  the  preceding  salt  an  additioiial  dose  at 
acid,  and  then  crystallizing,  or  simply  by  expoung  the  preced- 
ing salt  for  some  tiine  to  die  open  aii,  and  theA.disaolvingitin 
water  and  crystallizing, 

Mitcherlit^  has  shown  that  it  r^embles  the  biphosphate  d 
ammonia  perfectly  in  its  properties.  The  descriptiw  ofthvon^ 
tliereCoie,  applies  to  the  qther.  The  shape  (^  the.j^:gey|tii|Ml 
the  same.  Its  constituents,  according  to  the  ai)aly!4W,«f  tht 
3ame  chemist,  are  .  ..<,  i| 

2  atoms  arsenic  acid        .        ...   H'5       ..,,,  ■..,] 
I  atom  ammonia  ,  .         •      .     3-135     .„■■;    r 

3  atoms  water  ,    ,    .  3-375    ,     . 


aO'OOOt ,: 
17,  Borate  of  ammonia.     It  appears  from  an  analysis  1^ 
Berzelius,§  that  this  salt  may  be  formed  and  obtained  aitrjra- 
tals;  but  no  description  of  it  has  been  made.     He  foood  the 
constituents  as  follows : 

Boracic  acid  .         .  37-95 

Ammonia  .         .  30*32 

Water  .         .  31-78       ,      .     , 


100-00 
.  He  has  since  stated  that  thb  analysis  is  not  quite  acc)uate.i 
comes  nearest  to 

1  atom  boracic  add  .  ,  3 

1  atom  flmmnnia  .         ,         2-125 

3  atoms  water  .        .        2-25 


7-375  . 

18.  Sesgttiborate  <if  ammonia,  ArfVedson  formed  this  salt  aw 

•  Ann.  de  Cbim.  et  de  Phja,  six.  3S4k 

t  Pint  PrinriplcB,  ii.  246.         i  Auv  de  Cbia,  et  de  Pbys.  xix.  878. 

^  AiuiBlsofPliilosopbfilii,  S?..!:  >    j|  FoggeodorfB  AniMles,  ii.  i8& 


t*lDiuuiIy*!» ;  but  ho  has  not  ^vvn  any  description 
_Hc  found  tho  vcitis(itueat8  as  follows: 

Bonicic  acid       .        .         65-95 


SM.  I. 


L 


Ammonia  .         .         21-55 

Water       .  .  .         22'50 


lOO-OO* 


8  okvjoiuly  tho  same  as 
1 1  atom  boracic  acW 
■^  1    atom  aiiuiioiitu 
|P9"  fttomH  water   .    . 

W'  8-875 

'  TWkwnir  nf  ammonia.  Till*  «iU  may  be  fwrmed  by 
',  boDiric  arid  to  u  irarm  aqueous  solution  of  ammonia  iu 
ntnic  proportion,  and  &vn  allowing  tlie  solution  to  cool. 
ilaJUzes  in  octalietlrons  M-itli  rlioinblc  luue<s  )ik«  mtlpliur, 
lorter,  and  tlic  spiers  arc  usually  truncated.  In  tliu  air 
rnbtm,  and  gradually  becomes  scxborate  by  keini^  umtno- 
It  diMoIvcs  in  ulwiit  I'i  limes  its  weight  of  colli  walur. 
I  llic  solution  is  beatt^d,  ammoniii  i;s  diaeiigaged.  We 
he  three  following  analyses  of  this  suit: 

lOHia  .        .  13-5    .       12-88    .     IQiiA 

di-actd         .         .  51-0     .       63-34     .     50-000 

cr  .         .  3fl-5     .       23-78     .     36-452 


100-Of  100-00}        &9-990S 

agree  best  with 

S  atAm.4  boracic  add         ,  .  8 

1  atom  ammonia  .  .  2-125 

S  ntonu  water  .  .  5-625 


!fl-75 
Seji/ortUt  (j/"  ammmia.  This  wilt  may  (w  formed  by 
ing  warm  liquid  lunmonia  with  bomclv  acid,  and  allow 
e  solution  to  cool  slowly.  Tlic  crystats  are  traiiMjKirent 
«gular ;  but  M-etn  to  be  four  and  six-stdt.'d  jirisms,  usually 
aUtl  by  pjiamids.     The  taste  is  at  fint  very  sliglit,  but 

■  Pn)a:mdorrii  Aannlen,  ii.  130. 

t  L.  (tmdin,  UiiniU>ui:h,  i.  iTiL 

t  Arfredton,  PoREcndorTii  Add.  it.  190. 

$  Soubciroo,  Jour,  dc  I^honn.  li.  St. 


i^ 


^ 


OXYOEM  Aao  ttklTB. 


a  Utter  imfwvmion  U  Irft  In  the  mottth.  IJke  til  the  nita  af 
boracic  ncl<l  it  actSMtinalkalL  Wcliari- tlirc*  iitudj-AOsof  tJm 
snlt,  the  results  of  vhicli  arc  as  follows : 

Ammonitt  .         .  5-9     .         7-6     .         7-24 

Boracic  acid         .         .  eS**     .       64-0     .       66'»0 

Water  .         .  30-7     .       28-1     .       38-96 

'••    '  lOChO* 

Tliese  Hgree  best  with 

6  fttoin.t  homcic  an<i 
1  atom  nmmuiiiu 
•t  «ujhni;7«toiw  water 

It  is  therefore  a  sexborate  of  ammonia. 

Qt.  SMcate  of  ammonia.     Wlien  iiewly  precipitat«i  (Bmi 
b  digented  in  an  aqueous  Hotutiun  of  caustic  aminonia,  a  eafr 
tldemhte  portion  of  it  is  disKolvpd.     But  <srboiiat<i  of  p""*"*^  _ 
diwolve*  v«r)-  little  of  it.}  I 

22.  Sf/eniate  ^ammonia.     Not  y*t  dottcribtd. 

23.  Sftenite  o/imtmma.  Tliis  »«l(  is  obtained  by  adding 
Belenious  ncid  to  concontiated  cuu8tJ«  ammoitia  till  there  be* 
small  excess  of  acid.  M'heii  tbv  aolutlon  i«  left  in  a  cool  placft 
the  suit  preci])itatea  partly  in  fonr-ttded  priemis  And  partly  iu 
feather  shaped  crystab.  They  deliquesce  whpn  ejcpoei^l  to  the 
air. 

2-1.  Jiistlenite  <\f  amtiwtiia  is  formed  when  the  neutnil  itcl&- 1 
nile  is  dissoh-vd  in  water,  and  the  liquid  is  left  to  spontuncous  I 
evaporation.     A  portion  of  (be  ammonia  Hen  off,  and  the  Ih*^  j 
lenite   is  deposited   in   acieular  crystals,  which   undergo  no 
change,  though  t-xpiised  to  tJii-  air. 

25.  (^HaUrsdc^iilv  ofanimuttia  is  obtained  either  by  heating 
a  solution  of  bi&olenilc,  or  by  adding  selenic  acid  to  the  bis»-  ■ 
lenite.     It  does  not  crj'slalliie,  and  when  evaporated  to  dry- 
ness, spcwiily  idMwrbs  moiittun-  from  llie  ntnuispln-re.  |t 

30.  Afitimimiale  (^ammonia.  ThU  eombination  has  hitherto 
bten  examined  by  UerK-Iius  ontj-.  It  may  be  formod  by 
'digeMiiig  the  hydrate  of  antimonie  aci<l  in  wustlc  MBgiOldi« 


[ttUlig 


*  L.  timdio,  Schweisgcr*!!  Jour.  xv.  OM. 

t  AtfredMO,  Pvcgendotf li  Ann.  ii  13a 

f  Soubainu^  Jour,  de  Pharm.  %\.  M. 

$  Kanlcn,  t'oggcndofTii  Annnlen,  *i.  S6T. 

I  BcrwUiii,  Ann.  de  (him.  ct  He  Phfs.  ix.  £«)■ 


A  arutnil  solutioD  fe  ipwlimlty  forcocdL  If  fve  attempt  to  era-  _ 
puiutw  it  III  portiuu  (if  Uit!  ummiiiiiu  It  •Unengaged  and  a  white 
powiler  foils  wliicJi  i^attiipcmiiuimHiiiiiv  of  oiomoiiia.  It  red- 
iepa  vegetable  bines,  and  when  beated  in  a  returt  nmmoniu  nnd 
vater  arc  driven  off,  and  autimoiiicacid  remains  beLind.  TlitH 
■ipgwh  ia  not  d«coin|Ki»ed  by  exposure  to  ttie  air  for  months, 
jren  ut  tlic  tempvniUire  uf  l±f.' 

■  <  27.  j^M/iiHonite  <{/' (iimnMita.  If  tlic  hnttmouioiM  acid  b« 
£tfcatcd  ill  caii.^licummofliaasoliition  is  obtHinvd.  Wlunitliis 
■olution  ia  exposed  to  the  air  a  vluie  precipitutv  lulls,  wliitrli  U 
a  binaniimtndie  of  ammonia,  i 

3&  Tdiurntf.  of  taumtmia.  When  oxide  of  telluriuis  it 
digested  in  csuutic  ammuniii  a  soliitioii  h  obtained.  An  iLcid 
dropped  into  tUs  Miltition  pn-dpttatra  a  wliitc  pon-der,  wkicb 
ii  a  bitellurati'  of  animoDia.t 

38.  Chromale  of  ammoaia,  Tliiit  salt  may  be  formed  by 
Mantiiifp  «Jiron)ic  acid  witii  aininoniu,  and  concentratijig  tlir 
■lilim  under  lii«  exluiiutvil  rwceivvrufan  (lir-putnp  oversul- 
plnric  acid.  Tb«  wdl  It  ^nidunlly  depmit«d  iu  crystalUne 
mles.  It  hu  a  fine  yellow  colour,  a  l)ot  and  saline  taste.  It 
upon  vegetable  blues  like  an  alkaU4  It  iuvxceedinj^ly 
ioble  in  water,  and  tl»e  solution  cannot  be  conwntrated;  by 
twitliont di^priviii^  the  wdt  of  Italfof  itaanunoiun.,.  i  foHIld 

Bf^rou*,  and  ciiiiipuHtid  uf  ,  ii.      .i|i 

I  ■•I.J  atom  dirumic  teU  6'^  .,-it 

1  atom  ammonia       ,         .         .         2'12d  ^^ 

,.|i>.   i..il  ,,i  6'6'i^         ,     .|n. 

BidtromaU  t^  atmiumia  b  always  obtained  wheit  we 
concentrate  tho  wlution  of  ilie  prect^ling  NtU  on  tlie  sand  batJi. 
The  bieiirumate  iii  deposited  iu  lieaiilifiil  crvetuUine  plaCes, 
wltiL'li  are  uot  altered  by  ex|>0(iur«  to  tlte  uir.  liliaaafino  red 
culour.  'i'be  laste  i»  bol,  bitlor,  and  very  di!ia){reeiible. .  Jt 
reddeiUL  ve^etublc  bliifSk,  and  in  very  »«)ltible  e- 

in  fralt-r.  'Vhv-  piiinitry  fi^pire  uf  it«  cTyaluln, 
•ecordiDi^to  Mr.  Urooke^^isanobltquertiom- 
lii*.-  priMih  iwviiiK  itA  edges  repiuwd  with  faccn 
■»  rvpreai-ntod  in  tlie  taaigin.  Tbe  followinin; 
are  tlie  measurements  of  tW  principal  angles. 

t*Kkbolwo'tJounyl,xxxv.40.  -tfioncdimi.NiclwlMB'tJoitf. ixivi.  131. 
I  I  hare  however  obtained  it  in  a  «ato  inupablo  nS  giving  o  blue  colour 
redilencd  liUiu*  poper. 
i  AHoila  oT  rfailoMphr  <8d  MOmX  «i  967. 
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899  oxyoHir.  acid  uxts. 

cu-L  PonMorM' 


MonM' 

Ponh 

Monh 

M  Mlg 


114? 

98"    8' 

isa"  81' 

139"    4' 
136*  47' 


When  lieated,  it  melts,  aad  loses  its  water  and  aimaonBL;.^ 
dark  green  matter  remains,  which  qieedUy  beoomes  solii^ 
exhibiting  the  rudiments  of  cryBtaliizalioa  on  the  m&oe,  lliii 
matter  is  brittle,  has  a  cooling  and  sharp  tast^  and  partly  dia- 
solres  in  water,  forming  a  deep  yellow  solution,  and  partly 
remains  in  the  state  of  a  deep  green  insolubie  matter.  Tliii 
matter  seems  to  be  a  chromate  of  chnmiiiuD.  This  nUt,  hf 
my  analysis,  is  a  compoond  of  .  • 

S  atoms  chromic  acid      ,         ,         13 
1  atom  ammonia    .         .         .  2*126',.' 

a  atoms  water  .        .        3-25      t 


17-375 

91.  Moljfbdak  of  ammonia.      This  salt  is  formed  vhsf 

Hiolybdio  acid  is  digested  in  caustic  ammonia  to  satturariaifc 

When  the  filtered  solution  is  set  asides  crystals  of  molybdat^ 

of  anunonia  are  gradually  deposited.     These  crystals  ate  iner 

gular  four-sided  rectangular  prisms.     The  taste  of  the  aalt  it 

bitterish,  saUne,  and  metallic.     When  heated,  it  gives  oat 

water,  ammonia,  and  asote,  and  leaves  a  brown  oxide  or  molyfr-. 

die  acid,  according  to  the  degree  of  heat     It  disstdTes  i> 

aboat  twice  its  weight  of  water,  and  when  the  aqueous  solut^ 

is  ooncentrated  it  gives  out  ammonia.     It  has  not  been  tifpt^ 

uialyzed,  but  from  the  experiments  of  Bcandes,  there  is  leaffB 

to  oonmder  it  as  a  compound  of  .,;.i 

1    atom  molybdic  add   .         ,         9 

1    atom  ammonia  .        .        2-125 

I  atran  water        .         .         .         0-6635 


11-6875 
32.  Bimolybdate  of  ammonia.  When  the  solution  of  dw 
preceding  salt  is  concentrated  by  heat,  half  the  ammonia  il 
driven  oif,  and  when  the  concentrated  solution  is  set  aside, 
large  crystals  of  bimolybdate  of  ammonia  make  their  appeB^■ 
ance,  the  shape  of  which  has  been  described  by  Uaidinger.* 
"When  heated,  they  give  out  ammonia,  water,  and  asQte,  aad 

•  Bdn.  Jour,  of  Science  i.  100. 


skjjra  ov  MiMotnAv 


aab  grey  substuncc,  the  nature  of  which  has  not  be«n 
breMagsted. 

83.  Bitimff«tar«  »f  ammonia.  This  salt  may  be  formed  by 
dissolving  tiing^tic  aci<l  in  caustic  ammoiiiu.  Wlii^n  the  coii- 
iviitniUMl  solution  is  set  aside,  small  ^vliite  crystals  are  dejjo- 

ftitMl,  oonilioMd  of  foar-f<iHed  priitini;,  iuid  very  little  w>lub]4!  in 
y/tOH.  'IthiMnsliiin),  hiittT,  metuUiciastc.  ItsconstiluentsaM 
■"^    -" '  2  Bloms  tiing«t(c  Held      .         .         ii\  "   i 

I  nlom  ammonia       .         .         .         2*l'ii5 
'i  atoms  water         .        .        .        it^i 

35-37J 
Tliere  is  another  tiingi^tate  of  ammonia,  much  more  soluble  in 
•liter,  which  is  probably  a  neutniJ  lungWitv,  but  it  hus  uo(  yet 
Keen  anatj'xed. 

34.  'J'itamaU  of  ammonia.  When  ammonia  U  poured  into 
tb«  milk  conid^ng  of  hydrated  titanic  acid  and  water,  flocks 
immedintely  scpainte,  which  arc  easily  collected  on  tlie  filt«r,* 
These  flockfl  probably  constitute  a  titaniutc  of  ammonia.      '' 

35.  Cnhttntitite  of  ammonia.  When  the  hydrate  of  coltimbie 
iHd  i*  tli^-sted  in  caiu«tie  ammonia,  a  combination  is  formed, 
wMc^  rrinain^  M>lid  and  does  not  redden  litmus  paper.     From 

I  ihis  com)wund  the  ammonia  I«  e«wly  expelled  by  heat,  or  er^n 
ky  simple  cxpiwurf  to  Iho  air.     Hy  means  of  this  lutlt  other 
1  eolumbailcfl  may  hp  formed  hy  Hotible  iiecomposid<>n.t     Coitun- 
lilt-  acid  k  very  Utile  iM)hit<lc  in  cnrhonate  of  iiminoniiu 
1  ■■  36.  Vrmriate  t(f  tirHinimia.     When  nili*t4'd  pcro.xido  of  ura- 
JB)  \n  Aolution  is  decompoMcd  b)-  ammonia  ii  yollow  powder 
[Ub,  which  Is  a  uraniate  of  ammonia.     This  salt  may  bo  ex- 
'jMsed  to  a  lii-at  of  '2\'l''  witlitiut  alteration.     When  the  heat 
spprouclies  to  redness  it  is  decomponcd,  ammonia  and  azotic 
frns  being  driven  off  and  protoxide  of  nriiniiim  remaining.     It 
is  slightly  soluble  in  water,  but  not  in  licpiid  ammonia.    From 
By  ttiala  on  it  I  consider  it  as  a  compound  of 
,  I    atom  peroxide  of  uranium  38 

1    atom  Hinmonift     .         ,<•<(>>  V'       fi'lSS  '  U  ^ 
Ij  atom  wiiter  .         1-6875 


CM.  I. 


31-9126 
Oxalate  ofarnmonia.     This  well-known  and  rcry  useful 
tntlt  is  Dbtatn«cl  by  saturating  a  solution  of  oxalic  acid  with 

*  H.  note.        -t  Oahn,  Benclhia,  and  %gcnr. 


W4  oxrosii  ACID  siLxa, 

a—t.  oarbonate  of  BtDnw&iB,  uid  after  ooncflntntii^  dte  Uqiudflet- 
tiug^  it  aside  for  cry§tallization.  The  crystals  are  usually  needle 
ibnn.  But  they  may  be  obtained  in  rigbt  rhombic  pnKn%  tiu 
bees  of  which  are  iucUoed  at  ang^les  of  104°  7'.  The  longt* 
tudinal  edgea  of  the  prism  are  often  repUced  by  tangent  piane% 
while  the  angles  at  the  base  are  also  often  replaced  by  una  m 
two  small  feces.* 

Tlie  taste  of  this  salt  is  bitter  and  nnplcaMat,  somewhat  like 
that  of  sal  ammoniac.  The  spedfic  gravity  of  the  eryslakil 
1.682.  At  the  temperature  of  60°  100  ports  of  water  diaei^ 
only  4>5  parts  of  t^  salt.  The  specific  gravity  of  the  aolntin 
is  1-0186.  This  salt  is  insoluble  in  alcohoL  When  dislilkil, 
catbonate  of  ammonia  is  disengaged,  a  little  of  the-  anid  N 
sublimed,  and  a  residuum  of  chwcool  remains  behia^L  Tltii 
salt  is  much  used  as  a  reactive  to  detect  the  i^euiifia^ 
lime.t 

When  heated  it  gives  off  one  atom  water,  and  is  coDvciied 
into  a  white  opaque  mass.  By  a  higher  teii)qi>etature  it  is  oOBk- 
pletely  decomposed.     Its  constituents  are 

1  atom  osalic  acid     ,         .         4-5 

1  atom  ammonia       .         .         3'125 

2  atoms  water  .         .         S-25 


8-875 
8&  Biwaaiate  (^  amrnumia.    This  salt  may  be  fanned  by 
adding  oxalic,  sulphuric,  nitric,  or  muriatic  acid  to  a  fiobftin 
ofoxalabe  ofammonia  and  setting  the  soludmi  aside  (Buffioie>4f 
fMHicentnited)  for  crystallisadoD. 

Hie  crystals  of  this  salt  are  sometimeB  octahedroUi  Jnt 
moat  commonly  rectangular  flat  four-uded  prisms,  having  tv* 
opposite  lateral  edges  replaced  by  tangent  planes.  The  t«M 
of  the  salt  is  acid.  It  reddens  vegetable  blues, -and  is  sot 
altered  by  exposure  to  the  air.  I  found  the  eoiutitu^tta;^ 
thiasalt 

Q  atoms  oxalic  add    .         .         9 
1  atom  ammonia       .         .        2-125 
6  atoms  water  ,         .         B 


20-125 
30.  Acetaie  ^ammonia.     This  salt  has  been  long  employad 

*  Mr.  Brooke  hns  pren  a  descripdon  of  the  cryitals  in  the  AomIi  ^ 
FtiloMphf  (second  aeries),  yL  374 
t  BergnuQ,  L  861. 


MLTS  Of  AMMOVIA.  ^F^^T  ggg 

BMllcine  nnder  tbo  name  of  ^rituM  mitHkrtri.  It  h  easily  ""••  *• 
|Kre«l  by  satunuiiig  iKVlic  acid  uiih  mrlwriHtv  of  amnio uia; 
w  fnit  tht  ntuniC4>cl  solution  under  the  exliauued  receiver 
B  air-pump  orrr  sulphuric  acid,  the  acetalt-  cryMallizei  in 
Bpan*nt  obliqae  rhootbaidal  prwaiii,  'J'li(<  &c«k  art'  striated, 
ithe  Mlt  ao  deliquescent,  tJtat  th«y  caiimtt  )ir  iBComunrd.  It 
naaas  tite  lotif^ut.-  iit  fjnt  with  u  svasc  of  coMnns,  and  then 
fWlMt,  vrhitih  is  followed  by  a  taste  resembling;  that  of  a 
liire  of  sugnr  and  nitre,  in  n'litcli  tbo  Aweet  doi)*  not  pre- 
Itnate  om  d>e  inau'kii}i  la«ti>  of  ttie  nitre.'  It  molts  at 
P^'and  tuMioies  at  about  SdO'.f  \Vh«n  n  watery  dolutioo 
bto  Mlt  ui  dUtilled,  tlirro  coaifs  over  firrt  a  quantity  of  anb- 
im,  nrxt  a  quantity  of  ucotie  atrid,  and  at  huK  of  the  salt 
If  coDtJiininf;  an  exeeaa  of  acid.  No  auch  dcooapo&ilion 
to  place  wh«n  the  crjatals  are  distilled  by  a  moderate  hmt.4 
lOrding  to  my  trials,  4U  gmim  of  tlie  crj^tUils  dissolved  in 
»r  and  digeal^l  over  calcareous  spar  in  powder,  dissolve 
i  graina  of  carbonaM  «f  UiBft  l-'nHQ  tliis  it  follonfi  tliat  the 
it  coinpo»e<l  of     "■  tiuiii 

I  atom  ncrtic  acid     .         .         6-'26 
atom  Eunmonta       ■         •         '2'1'26 

7  atoms  water  .         .         7-875 


16-25 
I.  BmacHaie  ofammtmia.  When  the  nqueoua  solution  of 
ediiii/  mU  i»  heated  it  giv^  out  half  of  itH  ammonia. 
e  hcnt  bo  eontiiiued  the  binucetate  Httblimes  in  needle- 
I  cry<jliils.  The  same  salt  may  be  ohtiiined  by  heatin)^  a 
turv  of  amiale  of  potash  or  lime  aiid  ttal  ammoniac  This 
dcliquescwt  when  exposed  to  the  ait.     It8  taMc  is  »our> 

Ntidens  ve^emble  blues, 

;  fimiate  of'  ammonia.     This  Mtit  litM  been  but  iin[K<r> 

examined.     It  cryUallixtfs  in  ri|;ht  rvctungular  prisma, 

y   tenniiiiilird    by   foiir-i>i(ied   pyramid)).     It   is  readily 

in  water,  and  may  be  sublimed  withont  decomposition. 

»rdiiis;  to  Dobereiaer,  when  strongly  heated  it  is  decom- 

tl  into  water  and  hydrocyanic  uciil. 

iL  MflUUe  t^  ammonia.  'Wvi  salt  is  formed  when  mellit« 
nled  Id  a  noltition  of  carbonate  of  ammonia.  'Vive  ooiiceii- 
kI  solution  readily  yields  erystab  of  mellaie  of  aDintonia. 
y  are  transparent  and  colourless,  and  the  f>!ilt  crystallizes  in 
dilTerent  forms,  wluch  hare  been  desciibed  and  figured  by 
•  UieBins  on  A<«lau*  Add,  p.  IK.  t  Ibiil  t  ^^- 


btt 


S96  OXYQEK  ACID  BALTS. 

o**!-  O.  Rom.*  The  fint  is  a  rhomboidal  pnsm,  vboae  Ikea  ue 
inclined  to  each  other  at  angles  of  119i>  41',  while  in  Ae«ltwr 
the  incfinalion  !b  114°  W.  The  first  terminates  by  afoor-ttded 
pyramid,  whose  &ces  are  set  on  the  lateiai  ftces  of  the  -pnaOf 
and  whose  apices  are  truncated ;  while  the  other  teratimMf 
in  two  faces  rising' from  the  angle  of  the  prism  Cerminatingthe 
obtuse  inclination.  The  first  kind  of  cryst^  remain  aaatb^ 
time  unaltered  in  the  ur,  and  then  becomes  milk  white  tad 
opaqne  without  losing  its  shape.  The  second  farm  becoBSi 
opaque  instantly  when  taken  out  of  tbe  solution,  and  erenwhUa 
still  moist  Wiihler,  who  observed  these  alterations,  does  not 
consider  t}iem  as  owing  to  tlie  eso^  of  water,  but  to  a  «ew 
arrangement  of  tJie  piuticles  of  the  crysbtLf  Indeed  thk 
change  in  the  appearance  of  the  salt  by  exposure  had  bwB 
noticed  by  Klaproth.;]: 

43.  Tartrate  of  ammonia.  The  crystals  of  this  salt  are 
polygonous  prisms,  not  unlike  lliose  of  tartrate  of  soda.  It  bai 
a  bitter  taste  like  that  of  nitre.  It  is  very  soluble  in  wilM. 
Heat  decomposes  it.     Its  constituents  are 

1  atom  tartaric  acid     .        .        6-25 
I  atom  ammonia  .         .        S-125 


10-975 

44.  Bitartrate  of  ammonia.  This  salt  was  first  noticed  bjf 
RetzTus.  It  is  almost  as  insoluble  in  water  as  bitartnte  tt 
potash.  Hence,  when  to  a  concentrated  ammoniocal  MlirtioB 
an  excess  of  tartaric  acid  is  added,  abnost  the  whole  alUi 
becomes  solid. 

45.  Vinate  of  ammonia.  This  salt,  according  to  iafc% 
crystallizes  in  needle-form  crystals,  conEOsting  of  rfanmbaiM 
prisms.  They  are  transparent,  but  efSoresce  when  exposed 
to  the  air. 

46.  Pyrotartrate  of  ammonia  crystallizes,  according  to  Rose, 
in  plates. 

47.  Citrate  of  ammonia.  This  salt,  formed  by  dissolviif 
carbonate  of  ammonia  in  citric  acid,  does  not  crystallize  tiUib 
solution  be  evaporated  to  the  consistency  of  a  thidt  synip.  lb 
crystals  are  elongated  prisms.  It  is  very  soluble  in  wafer* 
Its  taste  is  cooling  and  moderately  saline.^  Ilie  amramiBS 
separated  by  the  application  of  lieatH 

•  Poggendorfs  Annalen,  vii.  335.  t  WShler,  ibid.  331. 

t  Beitn«e,  iii.  131.        f  DobMxi.  |  Schede. 
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48.  Pyrocitraie  ^amtrnmia.  N«l  exiunioed.  »^*-    "  j 

■41k  MaiaU  ofammntia.    Tbia  mlt  is  vMy  wlnbl©  iiL.lfVMrt  Z 

MJUtw  not  cryaullu*!. 

iO.  BitHtUate  t^atmmmia.  It  fonns  crj'slals  not  itltcrcd  by 
utpoeure  \a  tlte  air,  aiid  insoluble  iii  aluobol,  as  is  eV)il.OD(,^i>in 
ibe  experimeuts  uf  Donwan,  • 

h\.  Funijalr  of  ammiMin.  Tim  sill  proluiMy  in  tlie stutf  of 
bi/uiiKnU',  crystal  li:tuii  in  ux-tidcd  pri'ons,  witli  two  of  tlic 
•pfwsite  facm  much  Jarget  Uian  the  rest,  and  tcnniuatJng  in 
tm  iaveH  ^t  on  ilie  lar^e  £ices  of  tlie  prism,  and  by  mpeting, 
KTBuitnliiit;  lik«  the  roof  of  a  bous«.  It  is  soluble  iii  twice  il« 
wmy^ia.  of  cold  water.* 

m,  Mncatt  of  ammrmia.  Formed  by  digesting  mucic  acid 
id  a  volution  of  luaiuoiiia.  When  evaporated,  a  SiiUue  cruftt 
mnaiaft,  liaviog  a  ludl  tiwttt.  Wluin  Wated,  ammonia  is  fint 
given  off.  tbea  the  mucic  acid  itiidrrgorH  <lecompo»ition.f 

M.  J't/ramueafe  t^f  ammonia.  When  tJiciieuIial  solution  is 
Mooiitnitrd  by  t:va|H>Tation,  it  g;irea  out  lialf  of  its  ammonia, 
tml  ia  conveitod  ijil»  bipfftomveaU  (^fatnnumia,  wbtcb  crystal- 
iiws-t  .  ...,,-,,..■,  , 

54.  Suceittate  tff  ammonia,  Tliia  salt  U  easily  formed  by 
Wuniing  ^uecink  acid  with  carbonate  of  ammonia,  and  con- 
CFotimtini;  (be  filtered  solution.  The  crystals  are  oblique  rhom- 
Mc  j.rism%  the  &c««of  which  are  inclJiu-d  at  angles  of  100"  15'. 
He  iiiclinatiun  of  th«  base  of  the  priem,  to  onv  of  the  contigu- 
«u  Anea  is  91°  53',  to  the  other  93°  tU'.  The  acute  latvral 
K%M  of  the  prism  are  often  replaced  hy  lang<^nt  plunes.  So 
«■  the  oltttnate  (ermiiial  e(lg;i.'>.S  It  Kub  a  sliHrp,  hitter,  and 
tooling  taste ;  wIk-u  exposed  to  hnit,  it  sublimes  without  decom- 
poiidoii.  It  doli(pie«ccs  wbrn  exposed  to  theuir.  Itacon- 
lliftwBti  I  CDUMdur  us 

1  atom  succinic  acid        .        .  6-^ 

I  atom  ammonia    .  •        •        >  2-125 

SatomawalOTi,,,.,^,,-,,^,,        .  2-25 
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ii.  BmzooU  of  ammtmia.    Thl»  anlt  a  eaidl);  formed  by 


H  IBtuniting  iKiixoic  acid  mixed  n  ilh  water,  with  carbonate  of 
I  AOMnonia.  When  the  solution  is  sulEciently  conccatrated,  (tak- 
ing «wra  to  add  ammonia  as  it  is  discngiigcd,)  it  depoiutes  ern- 

■  •  BncoiMiM,  Ami.  dc  t^hun,  hm-  SDS.  'ilii:iiUp(u  -JtU  vd  lminiM» 

■  f  SriiMJe  ind  Tromiidorf. 

H     {  LabtllBTdKTc.     S  Brookr,  AunsUof  riiilosofhj(2dMriM),ti.t8e. 
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tuls  in  sqtiarc  plates  with  livvclled  ivlpfc*,  ««inin|i[ly  oetahetlrona, 

with  tiK-ir  iipiti-K  (li;<r|ily  truncated.      Tlirsv  cryataU  iinri'  a 

oodiiig;  aad  uriiious  tast^i  aiid  leave  an  impTeMion  in  the  mouth 

like  that  of  benzoic  acid.     They  undergo  no  change  when 

txpOHiHt  to  tlienir.     Their  spccilic  gnivlty  is  1-414.     OnefMrt 

diiwolTes  vmuly  in  three  purbt  of  Iwt-wilCT,  b«it  a  i^<.Nit  purtlml ' 

ii  dflpositcd  in  cryHtul*  aft  the  solution  cools.  Its  eonstilueiiBi  ars 

I  atom  bonioic  acid         .         .         15 

1  atom  ammonia  .         .  2-1S5 

1  atom  wal«r  .         .  1-125 


1*2* 

56.  mhm:'Kitc  of  mmwmi'i,  \Vh*n  the  pi^crdinf;  aalttt^ 
left  exposed  to  the  sir,  it  (gradually  piirtn  with  half  of  its  ammo* 
nia,  and  becomoii  bibuitzoatc,  which  crystalUxm  (n  feaUier> 
shapvd  crytitals,  very  littltt  mluble  in  water,  and  still  le«  ta  j 
nhiolute  alcohol. 

67.  (ia/ltiif  if  ammonia.  Gallic  acid  WM  di-tsoIvH  in  water, 
and  the  st^ution  hein^  mined  wiUi  an  oxcc«tg  of  mrboiMte  nf 
ammonia,  was  pWvd  over  sulphuric  acid  in  the  vantum  of  an 
air-ptimp,  to  ^t  rid  of  the  excew  of  wat«r  and  ammotiiB.  After 
tlie  evaporation  n  yf^tlowiKlHgray  salt  remained,  which  betanit 
green  or  brown  wlion  expmod  to  the  air.* 

i>8i,  Mtrmate  of  ammonia.     This  naJt  may  In-  obtained  h^ 

mixinj;  together  two  parta  of  «il  ammoniac  and  thre(>  |iart«  of 

meeonate  of  barytnt,  and  opplyinfr  heat     The  mcccutnte  ef 

ammonia  •iiiblim«>«.      If,  cryMidtize^,  according  to  John,  in  fi)U^ 

siih'd  pmrnn,  which  are  transparent,  mid  not  alter<>d  by  expotiuTC 

to  tlic  air.     They  dissolve  In  \\  times  th«lr  weight  of  wattr. 

Whwi  the  crj'HCals  obtained  from  soltition  in  tvaler  ar<>  h«nt«d, 

they  lose  water,  an<l  then  the  salt  sabliuie*.     According 

Chouluiit  this  wilt  K  cumjMsed  of 

<"<■..<'  Meeonicacid         .         .  40 

Ammonia      ...  42 

Water  ...  Id 


lOOf  __ 

59.  lioletale  of  ammonia.  It  crystallize))  in  fi)iir-<ided  prisiffl<< 
not  altered  by  expOKuri'  to  the  air.  'IVte  inline,  and  sooe- 
what  sour.     When  hvatcd  it  melts  and  may  be  iiubltm<>d.f ' 

CO.  AViKite  of  ammonia.     Wh«n  the  aatumtcd  8olut40in>f 

*  Bendiu*. 
t  DnconnoL, 


i  Gilbert's  Aiinnlcn,  Ivi.  3W. 
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Iiinic  acid  by  ainnioiiiia  in  evaporateil,  it  loom  half  in  ammonia, 
tn<l  in  that  Rtate  caanot  be  regularly  orvAitiiiixi-il.' 

61.  CamphortUt  vf  ammonia,  I'liix  salt  crvBtaUiEes  in  fine 
Bccdle*,  wliich  bec(nn«  moi»t  by  oxpaiurc  tothcair.  11il>  iaM9 
h  sliHTp  and  saliiir.  It  it)  iwlublc  in  tlirco  times  its  w^i|;llt  of 
biiiting  wiitor;  but  l««s  soluble  in  oatd  water.  It  n  Holubte 
HkewiM  to  abwlute  aloobol.  When  healed  itmolls,  gives  out 
uRmuiiLt,  and  in  decom]>o<ted,  leavinir  a  qnantity  of  charcoal. t 

Wtii-ii  tli«  snlutioii  uf  it  ill  wiiter  is  boiled,  it  ^vea  out  half 
la  ammoniut  an<l  in  converted  into  hicamphorate  ofnmmimia. 

ttS.  SiAeraie  (>/'  ammonia.  lliLs  salt  may  be  formed  by 
stunitin]^  nberio  acid  by  carbonate  of  ammonia,  and  then  8ul>- 
jr(?tin((  Ute  «olii(ii>u  to  «[K>ntsue(>iiH  erapomtion.  Bmndra,  by 
this  proer«i  obbiined  it  cryHtalli/c^d  in  needier,  and  in  silky, 
wiiit*,  four-«idod  priHini).  It  hiM  a  iiliarp  saline  taste,  and  la 
ftry  soluble  in  water.  When  heated  it  melts,  and  ia  afterwards 
i^composed.} 

ftiL  SteanUe  of  ammonia.  This  salt  may  be  formed  lu  the 
I'tng  manner :  Put  into  a  iiarrou'  and  bent  n^lass  tubv  four 
s  orhydmteilsttiU-icacidandfiM- it.  After  it  has  become 
lotkl,  till  tlie  lube  with  incr<:nr)',ai»d  let  op  into  it  1-6  cubic  inches 
«f  aiomvolaual  gvf.  Jleat  the  avid  sufficiently  to  melt  it,  and 
then  leave  the  whole  lo  the  mutual  reaction  of  the  two  consti- 
twnu.  rite  absorption  is  at  first  ranid,  and  it  continues  even 
lifter  il)«  mad  ha*  l>ei.'ome  xoUd.  When  iJie  alisorptJon  is  at 
tn  and,  the  pnicen  is  liiiislted.  The  ubsorption  continues  for 
iboQta  month,  and  the  quantity  of  uinmoniu  absorbed  amounta 
lo  I'liU  cubic  inches.  The  salt  la  obviomly  coinp««c'd  of  an 
iftoOk  o(  eacli  constituent.  It  ia  white,  and  without  lonell,  but 
Ikm  au  alltalijie  taste.  It  inu)'  W  suhiimeil  in  vacuo,  ^\1u.•n 
listillitl  in  n  retort,  umiminiii  iw  <li>engaj|fed,  U'ater  appears,  and 
[tbere  tiiblimea  a  subAtcamte  mixed  with  empyreumatic  oil. '  It 
duaolvex  in  hot  Wuler,  at  leant  in  ammouiacnl  wau-r.  On  cool- 
btg  B  litKteitratf  is  ile{M)Mil*.-<l  in  brilliant  scales.} 

64.  Margaratft;f  ammonia.  Mai^arioacklacDtupunammt^ 
ntacul  i^is  preelM'iy  as  Bttittric  acid,  excepting  that  tlie  absorption 
U  somewliat  slower.  The  quaotity  uf  ^pA  absorbed  is  sensibly 
HBine  as  by  stearic  add.  The  salt  may  he  formed  ahm  by 
IviuK  the  acid  in  litiuid  ammonia.  When  heated  in  vacuo 
this  Mil  bebares  like  stcnrate  of  ammuniiL     It  dixcolvea  in  hot 

*■'  •Hmry  •«<!  Ptiwoo.  Ann.  dc  Chim.  rl  do  Phys,  xli.  3W. 
f  BrandM,  S(liwtigg«r'«  J»ur.  Dixriij.  ml.        |  Ibid.  »xni.  80. 
Cbcvretil,  Mir  k*  corps  gr**,  p.  30. 
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P^  L     vater,  at  least  if  tltat  UquM  contain  anunoniiL     The  toliili 

on  cooling  lets  &1J  liimArgamte  of  ammonia  in  pearly  scales. 
When  exposed  to  the  air  »t  50*  it  lets  a  portion  of  ita  anunoiii 
escape.* 

65.  0/tfite  fif  ammonia.     Wlien  oleic  aci«l  is  placed  id 
tact  with  liquid  ammoiiiuincoinUiiiittioii  tuk«s  place  Immediatel 
A  gclulitioiiH  salt  is  formed,  wliit-)i  <li».iolves  c»nipl(-t<-ly  in 
BE  the  temperature  of  60".     M'licn  boiled,  ammooia  is 
ga^d,  and  tlie  liquid  becomes  muddy, 

4}6.   P/tiiTt^M/itr:  iif  ammiiHia.      When  a  glaM  tube,  filled 
pfaoccnic  acid,  is  let  up  into  ammoniacal  gas,  cryxuilit  are 
dually  fonned  without  tbir  appearance  of  auy  wbite 
The  absorption  f^ctes  on  slowly,  and  lJii«  crj-atals  dissolre  into 
colourless  luid  transparent  liijuid.     U  would  appear  from 
that  there  are  two  phoceiiittcs  of  ammonia,  tbc  one  solid 
tlie  other  liquid. t 

67.  Butj/rate  of  amiitoma.  Hutyric  acid  acts  upon  ammont- 
acal  gas  jkrecisely  as  jihoconic  acid  does.  Crystals  arc  formril 
at  find,  which  ar(>  finally  dissolved  into  a  liquid,  which  is  tfaidc, 
but  tnuvsparent  and  colourless.] 

68.  Caproate  of  ammonia.  Tlie  action  of  caproic  aidd  oa 
ammoiiiftcal  gas  b  precisely  similar  to  that  of  butyric  and  pb^ 
eenic  acid.$ 

69.  ChiAtMeratfofannnoKiti,    Browiii*li- yellow,  deliquescing. 

70.  Pinale.  of  ammonia.  Pinioocid  is  easily  dissolved  by  llw 
assistance  of  heat  in  cauMlic  ammonia.  When  the  solutioa  ooob^ 
the  piiiat^  of  ammonia  pn*C)piutles  in  a  slimy,  thick  sMb 
When  boiled  a  {lortion  of  the  lunnionia  L>  di^ciigugcd,  and  by 
continuing  tJie  livat  the  whole  alcohol  is  driven  off,  and  thaB 
piiiic  acid  remains  behind.  ||  ^ 

71.  Silvatc  of  ammonia.  Tliis  salt  b  formed  when  a  solution 
of  sal  ammoniac  is  poured  into  liquid  silvate  of  jioiaKh.  Silralf 
of  ammonia  precipitates  in  the  state  of  a  white  tarry-like  faydntc. 
It  dissolves  iu  200  times  its  weight  of  cold  water;  but  is  rtrf 
soluble  ill  alcohol  and  ether.  'I'hi-  alcoholic  solution  lose*  hj 
boiling  the  greater  part  of  its  ammonia,  and  acquires  the  pro- 
perty of  reddening  litmus  paper.  The  aqueous  aolutioii  <le«an- 
poMs  the  intrlfay  mibt. 

73.  Carbazolate  <f  ammonia.  Thissnlt  forms  very  long,  flal> 
brilliant  crystals,  having  a  light  yellow  colour,  luid  very  soluble 

■  Chcrrciil,  lur  lc«  corp*  gnis,  p,  7ft       -f  Ibid.  p.  1 14. 
):niid.p.  I.'j3.  $  Ibid.  p.  I W, 

g  Unvcrctorbcn,  PoggrniJorf**  Aniudoo,  si.  23], 
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KALTK  OP  POTASH, 

I  ml     ^  ■  'I  '-  .fu* 

r.     when  litiaU-d  iti  u  gUiw  t«)l>o  dvy  melt,  ud  are     sk^  n. 

|tolaUIUc<l  ti-illiout  ilecfimposidnn.  When  aiiddciil}-  Iteated  tliU 
jialt  miclti'H  Rre,  diiiI  ItiiriiH  quietly,  leaving  n  great  r[ii3iility  uf 
[duin.'v^)  unconsumecL* 

73.  Jitdiffotnie  <if  aauuonitu     TIiia  ult  cr)'N(allu«s  in  very 
[Iptij^  six-sided  ptUm*.  irau^pareiH.  and  Iiavinjf  die  yellow  colour 

U  wine.     It  cnntaitis  iii>  wuier  »)'  (Tjiilalliiutloti,  nud  may  l>e 

•uldimed  without  dccomjxMgiiuii.f 

I"  1     i"  'riilr  fj/"  timmtmia-     Tb"'*  w»ll  caii  only  Ijc  obttttiied  in 
i<  or  H  wliih>  powder.     It  i'i  pretry  ttoiiihW  in  hot,  but 

rtry  spuriiigly  soluble  in  void  wiitvr.  Dr.  I'ruut  ha^  rendered 
it  probable  tliiit  it  is  in  tlw  otutv  uf  urato  of  ammonia,  that  uric 
^id  exists  in  urine.  It  sumetimcs  constitutes  urinary  oiluuli. 
They  have  much  the  appearance  of  clay,  occur  most  cummouly 
U  tbc  bladders  of  Very  young  persons,  and  tltcir  presence  a 
iiulicaled  by  an  uncommon  degree  of  excitability  in  the  patieBt> 
■»  much  «o  that  the  l<-:m  nllWo^lli^(u^bImcc  tliron-slumintaa 
•tale  npproucliiiig  convuUton.s,  I  luive  seen  this  speries  of 
alcutus  extracted  from  four  or  five  diUdren  not  older  ibaa  four 

75.  Sulfiloritiate  (^f  ttmrnoaia.     Tliis  »alt  is  very  soluble  iu 
Miter,  iiti<l  cryHtallizeK  partly  In  cubes,  partly  in  «ctahedrom.| 

76.  Xani/uiie  of  ammoniu.      This  salt  may  l>«  formed  by 
limiting  s.'intliic  acid  witli  carbonate  of  ammonia.     It  may  ha 

luhtimed  without  sllcrallon,  and  is  ver)'  soluble  In  n-ater.f 

77.  SuljtfHM/rjjJuhtitate  of  ammonia.  Sulpbonapbtbalic  acid 
fiinns  with  ammonia,  a  sidt  impcrfecliy  crytttalliuis  not  delj- 
qoescent,  hut  drying  when  e.tpo^ed  to  the  air.  Taste  sulinc 
;1Ui<l  cooling.  It  (tis»ulves  rcatlily  in  ivater  and  alcohol,  ^^'hc^ 
Wu-d  on  platinum  ftul  it  molts,  becomes  blacki  burns  mth 
Bamr,  and  leaves  a  carbonaceous  acid  sulphate  of  araiDOniai 
vhielil'y  farther  heat  is  entirely  dissipated.  \VheniU  dilution  ui 
evnpomted,  it  is  converted  into  bitu/pJumap/i/AalaUohmmMiin.  |1 

Ammonin  enters  into  llie  composition  of  many  duuhli'  walta. 
The  most  importjmt  of  ih<-s4'  u-iU  be  given  at  the  cud  of  tliit^ 
tion  of  tlie  simple  oxygon  suits.  .^^ 

SECTION  11. — OF  SALTS  .OF  POTASIt. 

t.  Ill*  «dts  of  potash,  a  very  few  excepted,  are  soluble  in  ""'^^*< 

•  Ann.  d«  tliim.  cC  He  I'hju.  \x\v.  SI.  t  QiU.  sli.  179. 

t  Vogel,  Ann.  de  Chim.  ct  t\e  P\>yt.  xiu.  66. 
(  Zewc,  SchwHRGCr's  Jotir.  xli.  ITS. 
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water.  But  in  general  they  are  lesa  noluble  tlum  those  of 
ammonia. 

'2.  Maiiy  of  tlicm  cnii  bo  obUincd  in  tlie  state  of  crystalit 
but  niiiny  of  tlitm  likcwirtf  refuse  to  trystaJlizc.  Iii  gencnl 
the  salEs  of  potash  liavc  a  Icbb  tendency  to  fomi  regular  crystaU 
than  the  m\t»  of  soda. 

a.  If  tartiiric  acid,  dissolved  in  watrr,  be  dropfved  into  an 
iiqueous  sohitioii  of  a  salt  of  potash,  the  liquid  speedily  depoeitca 
a  white  gronuW  Beditnent.  This  sedimeut  has  a  sour  ta»lc, 
and  coiiNiftta  of  sroall  cryilhb  of  eream  of  tartar. 

4.  If  a  solution  of  siiljdmie  of  uliimin.i  he  dropped  into  a  nil 
of  potash,  octahcdriil  crystals  of  alum  arc  very  noon  depotnteJ. 

6.  The  .salts  of  potash  may  he  exposed  to  a  red  heat  u-ith- 
out  heinE^  volatilized  like  the  salts  of  ammonia.  If  the  add 
con(imi(-d  in  (lie  salt  be  combuHtible,  it  It  deeompotie^t,  and 
carbonate  of  pota&li^  mixed  willi  a  litth*  charc«wl,  remin 
behind.  If  the  acid  is  not  combustible  the  tolt  usiutlly  ftUM 
and  its  nature  Is  not  altered :  though  to  this  there  are  sotne 
exception.';.  Thus  the  nitric  acid  is  gradually  decomposed  al 
a  red  heat,  sulphurous  acid  lets  sulphur  sublime,  and  ia  con- 
verted into  sulphuric  acid,  phosphorous  acid  allows  phocpliu- 
retted  hydrogen  to  escape,  and  U  convertei)  into  phosphoric  adii 

G.  Th<:  aalts  of  potash  are  not  precipitated  by  itifudoR  of. 
nutgnlls  nor  by  pnissiate  of  potash.  4 

7.  They  arc  not  affected  by  sulphuretted  hydrogen  gas,  w 
by  the  addition  of  a  hydrosulphuret,  except  when  (heir  had  h» 
B  metal  for  its  basis.     In  which'  case  the  acid  may  be  dMMn 
posed  and  precipitated,  and  tlic  potii»li  left  behind. 

8.  When  a  solution  of  phitiuum  is  dropped  into  b  salt  oC 
potaxh,  »ii  omiige-eolourcd  precipitate  apjtears. 

Sulphate  of  alumina  and  muriate  of  platinum  are  pTecJ]Htilei 
also  by  salts  of  ammonia.     We  must,  therefore,  in  onler 
know   whether  a  salt  so  precipitated,  contains  ammonb  ot 
potash  for  its  base,  c.ic])0«c  it  to  u  red  heaL      If  it  be 
amnioniacal  salt  it  will  be  dissipated  or  decomposed,  leann^ 
the  iiiiil.     But  a  potash  salt  will  either  not  be  altered,  (tf  »■ 
will  leave  cu-lionate  of  potasli  behind. 

A  Hilt  witli  l»ise  of  potash  may  be  distingulslied  by  the  blutr" 
pipe  in  the  followtug  maimer:  Fii«c  before  tlie  bloW'p^ 
little  bora.x,  to  which  a  small  ]>ortion  of  oxide  of  nickel  hnt  bta 
added.  A  yellowish  glass  is  oUbuiied,  Fuse  this  bead  willi  > 
little  of  tlie  salt  under  examination  :  if  it  contain  potoak  1^ 
bead  will  assume  a  hiuitJi  colour. 


SALTS  OV  POTASH. 


Kp.  1.  SntfiAn/f:  of  j>otarA,  This  salt  was  known  at  n  very 
early  period  »f  (lie  liisiory  of  llie  science,  ftiid  n  urent  variety 
of  iuimo«  »rp  ^ncii  tn  it,  iiCL-ortttrig  to  tlic  miinner  of  forming 
%  or  the  fiincy  of  tlie  operator.  Some  of  these  iiantes  were, 
tpee^fitwm  purffatu,  tiitrtim  Jixum,  arcantim  dupliattmn,  panacea 
iolmiiica,  sai  tie  diMhuf,  sat  jiofifrhrrxt  ff/aKrri,  &c. ;  but  it  vna 
Mmmniily  Ictioivii  by  tlie  nsimo  nf  ritriiJnffil  trirfar,  till  the 
French  eh«inistM  vniied  it  «n/;rfw/cf//jo?nsA,  when  they  formed 
tiicir  new  nomenolalurc  In  17a7." 

Stilphiite  of  [lotiutli,  or  perhaps  thfl  bisulpliate,  wasdlicovered 
bjr  »xaminin^  what  romaineil  in  the  retort  after  the  preparation 
if  nitric  aeid,  by  distilling  a  mixture  of  sulphuric  ncid  and 
nitre.  It  was  the  nit  olittinod  from  tliis  residuum  tliat  wan 
oUed  jtatuuxn  duiJicntn  or  ttrtaHum  itujiliealum.  'V\u-  Duke 
«riToUt«in,  sometime  before  the  year  1063,  purchased  the 
prtpatatton  of  tliin  suit  for  500  dollars  as  a  remedy  in  fevers, 
Mne,  and  sciirv-j-.f 

Sul|>liiite  uf  potash  ts  easily  procured  by  saturating  the  acid 
nit  (which  remains  after  the  preparation  of  nitric  acid)  with 
pKvJi,  and  *ettiiig  it  aside  to  crystalliKe.  The  primary  fonn  cit>ui. 
fS^v  crystal  tK  a  right  rhombic  prism,  tlte  faces  of  which  meet 
ilU|^M  of  I'JO*  6o'.  Mont  commonly  two  of  the  opposite 
iHtnl  edges  are  replaced  by  tangent  plaiicK,  converting  the 
oynab  into  a  !«ix-si<ied  prism.  The  edges  of  the  base  of  the 
primi  are  also  replaced  by  planes,  which  convert  the  end  of  the 
pnvn  into  a  pyramid,  either  complete  or  wanting  tlie  apex- 
IV  figure  in  tlie  margin  represents  the  mmt 
usual  ahape.  P.  ^f  and  Kl'  are  the  faci-s  of  the>i 
printry  figure,  A  tlie  face  formed  by  replacingi 
°iic  of  the  hitcml  edges,  and  c,  i?,  ( the  pyramidal 
'utsaade  by  replacing  the  tenninal  oilgeft.  The 
■Msniremciits  of  tliese  tace^,  made  by  Mr.  W. 
I^ips,  arc  as  follows. 


Mon  M' 

120"  30' 

M  ofl  A 

120   45 

M  one 

146    2*2 

A  one 

146    10 

C  <HI  « 

la     12 

*  Btrpnmd  nllcd  ii  allutli  vq;ctabili-  viiriolnluui,  oiul  Morttnu  vitriol  of 
IKMuh. 
t  »iaw's  Boj^,  i.  M. 
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Not  uDcommonly  diree  of  t]i«  crj-stala  an  aggrtrgatpd  toother 
»o  as  to  coii§utute  a  injiole.* 

Sulphate  of  potash  hoH  a  vrry  riisagTeeablc  bitter  ia»tc.  Its 
9])ecific  gravity,  uccoTdiiig  to  WnUcriust  w  2-298 ;  acconUitg 
to  Hiu^oiifnitx,  2*407U  ;|  ncconliiig  tti  ^^'abM>t^  2-63t>.}  I 
foumi  it  2-(J6.  At  the  toin|>cratiiTC  of  60°  it  di.-wolvtn  in  16 
timcH  its  weight  of  water :  in  a  boiling  heat  it  is  soluble  in  five 
times  its  wcight.||  When  it  is  boiled  in  water,  that  liquid  dis- 
solves 0*242  parts,  or  nearly  Jth  of  its  woighl  of  iH 

It  8ulTeT))  no  uileration  wlien  exposed  to  ibe  air.  ^^'h«o 
pUcect  upon  burning  coaU,  it  decrepitates,  but  suffent  no  other 
altontion.  In  u  red  heat  it  melts.  It  is  Mometimeo  himiiiuus 
in  tlie  dark,  nx  Mr.  Giobert  has  observed.**  It  contuins  do 
witter  of  cry»l»llizutioii,  and  is  eomposed  of 

1  atom  Hulphurie  acid         .         .  5 

1  atom  potash  ...  6  ' 

11 

2,  Sesquisulphale  of  poitm/i.  Tliit  »alt  was  obtained  by  Mr. 
Phillips  while  evaporating,  ilic  ri-»i<lual  salt  remaining  after 
distilling  a  mixture  of  equal  weights  of  nitre  and  Hulphtiric  acid. 
It  isn  whit«  salt  which  eryiitallizes  in  longKlctider  needles  like 
asbestus.  Its  taste  is  .sour  ainl  bitter,  and  its  consdtui'obs 
according  to  tlte  analysis  of  Mr.  Piullips,  are 

Sulphuric  acid         .         .  52-43 

Poiash  .         .         .  42-80 

Mater  .         .        .  4-75 


100-00 

Thi«  i«  obviously 

1^  atom  sidphuric  acid 

7-6 

1    atom  potash 

6 

1  atom  water 

ft-A035 

14-0625tt 
9.  liisulphate  ofpolath.     lliis  salt  is  obtained  when  we  mil 
sulphate  of  potash  with  lialf  its  weight  of  siilpliuric  acid,  ■>'"' 


•  Sec  an  account  of  the  crjdala  of  thii  Mlt  in  Annate  of  PhilOMf^ 
(now  serieii),  h.  34a. 
■f  Chciiiiiii/jr,  p.  ^&,  t  Ann.  de  Chiin.  xxi'm.  It 

f  Chemical  Ei>mi>b,  v.  67.  ||  Bcrsmtm,  i.  133. 

\  Wennt's  V«r«iuiiliichiift,  p.  310.        ••  Ann.  de  Chim.  x.  Wk 
n  Ptiil-  Msg.  (Sd  vena),  li  !4B. 
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expose  iiiii  mixture  to  incipient  rcdaess  in  u  plaUniim  crucible 

till  it  ccwws  to  lose  acid.     When  dbsolvcd  in  wuter,  und  set 

Slide  it  cjyMtalliz«8  in  thin  rIioniboi<Ul  plates,  tlic  |tlanf  anfjlos 

<rfU»e  large  hcea  of  wliich  are  97"  20' and  82"  40',  and  tlic 

Eiccs  of  tlie  pTum  are  tiicliniHl  to  eaeli  oilier  at  angles  of  107" 

15'.     Its  taste  li  very  aicid  and  »liurp.     It  melci  ea§ily  when 

kttted,  and  flown  like  un  oil.     A  very  strong  heal  »  necesfciry 

to  drive  off  the  CXwm  of  acid,  unli-?»  we  neutrsilixc  it  liy  iiirans 

tf  ntiDaiita.     It  dissolves  in  about  twice  its  weight  of  cold,  mid 

ia  bw  tluin  its  weight  of  boiling  water.     Wlicn  ulcohol  is 

[MNlted  into  iIk*  solution,  xulpbate  of  pota&h  precipitates.    When 

•ilWttd  to  the  air  il  effloresces  ulightly.     The  compo^^ilion  of 

llili  silt  was  first  accitratvly  determined  by  Dr.  Wollastoii.* 

li  it  a  compound  of 

2  atonu  sulphuric  add        .         .         10 

1  atom  potash  ...  6 

2  atoms  water  .         .         .  2*Sd 


18-35t 


4.  SitlphiU  iif  potash.     This  salt  may  lio  obtained  by  pa8»ng 

L     '  ctLrreiil  of  sulphuroiu  ucid  gus  through  a  solution  of  potaflti 

■     lill  tile  aliudi  Ik-  ssitiintted.     \\»  crystJiU  are  white  an<l  traiiH- 

'        P«f»iit:  tlteir  figure  that  of  rhomboidjdpbites.     Its  crystultixa- 

DbD  often  presents  small  needles  diverging  from  a  common 

I        ffntre.j    Its  sp«ciJic gravity  is  l-686.§     Its  taste  is  peuetrating 

•"id  sulphureous.     At  the  common  temperature  of  the  almos- 

foere  it  is  soluble  in  'na  own  weight  of  water,  but  much  more 

tolubk  in  boiling  water.     When  exposed  to  the  air,  it  smrcely 

tihufos  its  appearanct',  lo«es  about  2  per  cent,  of  its  weight, 

tad  iben  is  gradiuUly,  but  very  slowly,  eonvcrlt-d  into  sulpluito 

«r  potiuh.     When  exposed  to  u  sudden  heat,  it  decrepitates, 

Lm»  itn  water,  and  a  portion  of  itt  acid ;  then  a  quantity  of 

sulphur  is  disengageil  from  tlae  re uuuning  acid, und  tlie  residuum 

Is  sulphate  of  pota«b,  with  a  slight  excess  of  alkali.     Nitric  acid 

eoitverts  it  into  sulpliate  of  potash  by  imparting  oxygen.     .So 

Bdoes  dilorine,  hut  imperfectly,  aa  it  drives  off  a  portion  of  its 

mM  unchanged. 

It  ae«m»  lu  contain  no  water  of  crystalUzatiun,  but  to  be  a 
conpoond  of 

•  Phil.  Tmn*.  leOS,  p.  M.  \  first  Princlpln,  il.  9M. 

t  I'oinvro}'  Mid  VaiKiuelin,  Nidiolion'i  Jotiraal,  i.  317, 
S  llaMcnfraii,  Ana<  <le  Cliiin.  xiviii,  12. 
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cuh  I.  1  atoip  sulphurous  acid         .        .  4 

1  atom  potash  ...  6 

10 

5.  Bimlphite  of  potash.  This  salt  is  easily  obtaiaed  by 
adding  an  additional  dose  of  sulphurous  acid  to  the  last  alt 
It  crystallizes  more  readily  than  sulphite,  but  has  not  bwfl 
particularly  examined. 

6.  HypostUphUe  of  potash.  This  salt  is  easily  formed  hf 
exposing  hydroguretted  sulphuret  of  potash  to  the  atmoq>heM 
till  it  loses  its  yellow  colour.  The  liquid  is  then  a  aolutin  of 
hyposulphite  of  potash.  When  sufficiently  concenlnted  it 
crystallizes  in  a  confused  mass  of  spiculte.  The  cryitalR  nt 
long  lectangnlar  four-sided  prisniB  with  square  basea.  It|i4 
a  penetrating  taste  like  nitre,  succeeded  by  a  bitterness^  and  ii 
very  deliquescent  The  deliquiated  salt  crystallizes  in  fi» 
needles  by  a  slight  diminution  of  temperature.  By  (he  action 
of  a  graduated  heat  it  boils  down  to  a  dry  white  mass,  then 
takes  fire  and  burns  much  like  a  piece  of  tinder,  butwiliii 
weak  blue  Same.  It  dissolves  chloride  of  silver,  even  when 
very  dilute,  with  great  readiness.* 

When  a  saturated  solution  of  sulphuret  of  potasnnm  in  ako- 
hot  is  set  aside  in  an  uncorked  phml,  beautiful  crystals  of  tlui 
salt  are  gradually  depoated.f 

7.  HyposvlpfKiie  of  potash.  This  salt  crystallizes  in  eyfis' 
droidal  prisms,  terminated  by  a  plane  perpendicular  to  tbar 
axis;l  or  in  dodecahedrons  composed  of  two  six-sided  pyn- 
mids,  applied  base  to  base.  The  figure  of  the  crystal  Is  Twy 
minutely  described  by  M.  Heeren.^  It  dissolves  in  LSSpnb 
of  boiling  and  in  16*5  parts  of  cold  water.  Itcontains  nomtff 
of  crystallization ;  but  is  composed  of 

1  atom  hyposulphuric  acid         .         .  0 

1  atom  potash  ....  6 

ISB 

nwoiT.  8-  titrate  qf  potash.     As  this  salt,  known  also  by  the  nuse 

of  saOpeIre,  is  produced  naturally  in  considerable  quantities 
particularly  in  Egypt,  it  b  highly  prot>ab)e  that  the  ancieiiK 
were  acquainted  with  it :  but  scarcely  any  thing  certain  o" 
be  collected  from  their  writings.     If  Pliny  mentions  it  at  A 

•  Ilertchell ;  Edin.  Phil.  Jour.  i.  10.      f  Berzetiut. 

%  Annals  of  Philosophy,  xiv.  3U.  S  PoggendtHf  s  ADDBleii,Tii-^ 

I  Uccren,  Ibid.  j).  16- 
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e  CDnfounds  i(  with  carlionate  of  sotla,  wliidi  was  kitown  by 
he  name  of  aitroK  aiid  NUrum.  It  in  ccrtiun,  iiowvvor,  thut  it 
M  been  known  in  titc  Eiut  from  tiini^  imnivmoriiJ.  Iloger 
kcoa  mentions  this  salt  in  the  imk  century  nndrr  the  name 
i  mitre.  Tbe  word  nitre  {nitrum)  wiis  u[i|ilit-<t  by  tlicuncicnta 
•  carbonate  of  soda.  W'tien  nilrate  of  |>olasli  wastirst  oiMerved 
t  iwubftbly  got  tlie  same  name,  from  the  supposition  tliat  U  waa 
be  suni^  kiiiil  »f  salt.  After  t)ie  difTerencc  became  known  tW 
ana  niln  vsm  naturally  apiilied,  exdtuively  to  tliv  ino«t 
npotttut  of  the  two,  wtiieli  ifi  unquestionably  wtltpotrc. 

No  phenomenon  bua  cxcitvd  the  attenlinn  of  chcnuod  [>I>i- 
DSOplian  moro  tluui  tJiv  continual  reproduction  of  nitre  in 
artain  pbiccs  after  it  had  been  extracted  fnini  tliem.  Prodi* 
jMUi  quantities  of  Uiis  sail  are  necessary  for  the  purposes  of 

t{  and  ta  tuiture  has  not  laid  up  great  magazines  of  it,  as 
Ini  of  «onie  otiier  HdtiS  tliiH  niiiniiil  rt^production  is  the  only 
puree  from  whicb  it  eaii  be  procured.  It  iit't'ame,  therefore, 
■  tbe  utmost  conscqncncv,  if  possible,  to  disoovcr  the  muuu 
Mkioh  nature  employed  in  forming  it,  in  order  to  enable  nn  to 
pitate  ber  processes  by  art,  or  at  least  to  accelerate  and  facili- 
tliem  at  pleasure.  Numerous  attempts  accordiugly  have 
to  explain  and  to  imitate  these  processes, 
setting  out  on  the  [irinciple  that  there  is  only  one 
in  luitnre,  Bupposed  that  nilrio  acid  is  merely  sulphuric 
combined  with  phlogiston,  and  that  this  combination  i» 
uced  by  putrefaction ;  he  affirmed,  accordingly,  tluit  nitre 
by  unituig  togetlu-r  potasli,  sulphuric  acH),  and 
But  this  opinion,  which  was  merely  supported  by 
far-fetched  analogies,  could  not  stand  the  le^t  of  a  rigor- 
oxaini  nation, 
turnery,  the  younger,  accordingly  advanced  another,  affir- 
aing,  tliat  all  tlie  nitre  obtained  cxi-ttt  ])reviously  in  atiimals 
■hI  vegetables,  and  tkit  it  is  furnu'd  in  these  substuiic^it  by  the 
ppceMes  of  vegetation  ainl  unimalizatiun.  But  it  was  soon 
fisoovcrvd  that  iiitro  exists,  and  is  actiudly  fonnvd,  iu  numy 
>laeeK  where  no  animal  nor  vcgetubie  suixttanoti  luut  l>eeu 
lecomposed :  nn<l  conaequently  titis  tlivory  was  as  untenable 

ttbe  former.     So  liir  indeed  is  it  from  W-ing  true,  tlmt  nitre 
formed  by  tliese  processes  alone,  that  the  quantity  of  nitre 
in  plants  liaa  been  found  to  depend  entirely  o»  lite  soil  in  which 
y  grow." 

At  last,  by  the  numerous  experiments  of  several  I-'rciuili 
*  Bouillon. 
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cfc**-  pluknophen,  paiticnlarly  by  diose  of  Honvenel,  h  wu  £s- 
covered  that  nothing  else  is  necessary  for  the  production  of 
nitre  but  a  basis  of  lime,  beat,  and  an  open,  but  not  too  free 
communication  with  dry  atmospheric  air.  When  these  cii- 
cumslances  cmnbine,  the  acid  is  first  fonned,  and  afterward 
the  alkali  makes  its  appearance.  How  the  air  furnishes  mafe- 
liais  for  this  production  is  easily  explained,  now  that  the  com- 
ponent parts  of  the  nitric  acid  are  known  to  be  oxygen  and 
note :  but  how  lime  contributes  to  their  union  it  is  not  so  easy 
to  see.     The  appearance  of  the  potash  is  equally  extraordinary. 

Nitre  is  found  abundantly  on  the  suiface  of  the  earth  in 
In^a,  South  Africa,  and  even  in  some  parts  of  Spain.  In 
Germany  and  Fiance  it  is  obtained  by  means  of  artifidal 
nitn  beds.  These  consist  of  the  refuse  <^  animal  and  veget* 
able  bodies  undeigoing  putre&ction,  mixed  with  calcare- 
ous and  other  earths.  It  has  been  ascertained,  that  if  oxygoi 
gas  be  presented  to  azote  at  the  instant  of  its  disengagement^ 
nitric  acid  is  formed.  This  seems  to  explain  the  orig^  of  the 
add  in  these  beds.  The  azote  disengaged  from  these  putjefy- 
ing  animal  substances  combines  with  the  oxygen  of  the  air> 
Tbe  potash  is  probably  furnished,  partly,  at  least,  by  the  Teg^ 
tables  and  the  soiL 

The  mtxe  is  extracted  from  these  beds  by  lixiriatii^  the 
earthy  matters  with  water.  Thb  water,  when  suffidently 
impregnated,  is  evaporated,  and  a  brown-coloured  salt  obtained 
known  by  the  name  of  cnide  nitrt.  It  consists  of  nitre,  Gom- 
noD  salt,  nitrate  of  lime,  and  various  other  salts.  The  ftneigo 
salts  are  either  separated  by  repeated  crystallizations,  or  by 
washing  the  salt  repeatedly  with  small  quantities  of  wata;  ftr 
the  foreign  salts  being  more  soluble  are  taken  up  first. 

Nitre,  when  slowly  evaporated,  is  obtained  in  six-«ided 
prisms,  terminated  by  six-sided  pyramids;  but  for  most  pur- 
poses it  is  preferred  in  an  irregular  mass,  because  in  that  >tite  - 
it  contains  less  water.  The  primitive  form  of  its  crystdi^ 
according  to  Haiiy,  is  a  rectangular  octahedron,  composed  (^ 
two  four-sided  pyramids  applied  base  to  base  ,*  two  of  the  sidf* 
are  inclined  to  the  other  pyramid  at  the  angle  of  120  ;  tk 
other  two  at  an  angle  of  111°.  The  six-sided  prism  is  tbe 
most  common  form  which  it  assumes.  Sometimes,  insteoi  (■ 
six-sided  pyramids,  these  prisms  are  terminated  by  18  fece^ 
tliKposcd  ill  three  ranges  of  six,  as  if  three  truncated  pytamii 
wore  piled  on  each  other ;  sometimes  it  crystallizes  in  t^l»* 
•  Traile  de  Mincralogie,  ii.  346. 
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Tbc  spMJfic  graviiy  of  nitre,  as  ascertained  by  Dr.  Wat- 
ton,  n  l-93;l,"     Ita  Ijwtc  is  sbarp,  bitterisJi,  and  cooling.     It  is 
wry  brittle. 
100  p»rt»  of  «iit*r  at  32"  dL-solve  I3-32  of  this  wilt. 
At    4I''-0I8,  100  Wi»t«r  diMolvo     I6-7'2  parts 
53  2i!-23 

64  J  29-31 

7fi-0  38-40 

95|  5482 

1 13}  ?4-«6 

130  J  97'05 

149-a  I2,V42 

17fti  Ifi»-27 

207-a  23S-45+ 

Alrohnl,  of  the  specific  pravity  'STS,  dissolves  -rijjtJi  of  its 
*n|;hi  (if  tlii.t  Halt,  liul  HtTu:i|;cr  alcohol  takes  np  no  ttenaible 
pwtion  of  it. I     It  w  not  altered  by  exposure  to  the  air. 

When  th<-  Mlution  of  nitri;  is  exposed  to  a  boiling  heat,  part 

df  tli«  salt  m  cvapornted  along  with  the  water,  as  Walleriits, 

Kinntn,  and  Lavoisier  observed  »ucces.sively.     When  exposi-d 

>■>  a  Ktrong  heat  it  melts,  and  congenU  by  cooling  into  an  opaque 

Dim,  which  lias  been  calleil  minenti  rryntuf.     When  lieatwl 

umity  to  OKliiess  it  begins  to  ili.sengago  oxygen  ;  and  by  kee|j- 

tag  it  in  a  red  heat,  about  the  third  of  ita  weight  of  that  gas 

nay  be  obtained ;  towards  the  end  of  tlie  process  azotic  gas  is 

gaged.     If  the  heal  be  continued  long  enough,  tlie  salt  is 

oipletely   decomposed,   and   pure   potash   remains   behind, 

iVheii  ttimply  brongiit  into  fusion,  and  then  allowed  to  cool,  it 

umc*  a  radiated  texture.     The  hroiuler  these  radii  are  tlie 

urer  is  the  salt.      A  mutture  of  about   j'^th  of  common  salt 

completely  destroj-s  tlic  radiated  appearance. 

It  detonates  mure  violently  with  combustible  bmlies  than 
y  of  (he  other  nilnites.  When  mixed  with  one-third  jiort  of 
weight  of  charcoal,  and  thrown  into  a  red-hot  crucible,  or 
when  cbarcoul  is  ilirown  into  red-hot  nitre,  detonation  takes 
place,  and  one  of  the  mo«t  bnlliaut  combuntioiH  tliat  can  b« 
exhibited.  The  residuum  is  carbonate  of  potusb.  It  wiw  for- 
merly culled  nilrtjitedbjf  eharcval.  The  alehymisls  performed 
Uila  cxpcrtDirnt  in  a  tubulated  curtLva  retort,  to  which  an 

*  IlMajw,  T.  «7,  WsUeriu*  nnket  it  )-!XH)  (Chcmiilry,  p.  260) ;  Ita»ien< 
NU  bund  il  I'MOD  (Ann.  du  Ciiim.  ixviii.  IS.);  I'uliruu licit  bad  sUicd  it 
■  lniiK«gau  l7!4atS'tA0(i>hil.  Traiu.  xxxTii.  Ill)i  Ifouodit^^ 

1  Oay-LutMc ;  Aniiala  of  PhiloMjihjr,  xv.  1 1-  |  Kkwuu. 


^ 


410  OXTGBH  AUD  UL1S. 

°—  >-  appantat  of  glass  venek  was  luted.  After  every  portian  of 
nitre  and  darcoal  whicb  tliey  threw  in,  they  abut  iq>  the  retocL 
The  cariMHiic  acid  aod  azotic  gas  which  were  disengaged  often 
baist  their  apparatus.  To  the  small  qoaoti^  rf  vater  iriud 
they  obtained  in  their  veasels,  they  gave  the  name  of  efyatMt, 
and  ascribed  to  it  a  great  many  virtues.  A  still  otore  TiolenI 
detonation  is  produced  by  using  phospborns  instead  of  charccaL 
When  a  mixture  <^  nitre  and  phosphorus  is  struck  smartly  iridi 
a  hot  hammer,  a  very  violent  detonation  is  produced.* 
F^hjtint  When  three  ports  of  nitre,  two  parts  of  dry  potash,  and  one 
part  of  sulphur  are  triturated  together  in  a  mortar,  a  powder  ii 
formed,  whidi  was  known  more  than  a  century  ago,  and  dis- 
tinguished by  the  name  oi fulminating  powder.  When  heated 
gradually  till  it  enters  into  fusion,  it  takes  fire  suddenly  and 
boms  with  a  violent  explouon.  By  the  fusion  sulphuret  <A 
potassium  is  formed,  which  being  intimately  mixed  with  (he 
nitre,  and  the  heat  by,  the  fusion  being  rendered  eqnabla 
throughout  the  mass,  the  whole  bums  at  the  same  instant 
Hence  the  reason  of  the  violence  of  the  explouon- 

Nitre  contains  no  water  of  crystallization,  but  there  are  often 
cavities  in  which  that  liquid  is  mechanically  lodged.  Suppoi- 
ing  it  pure  its  constituents  are 

1  atom  nitric  acid         ,         .  6'75 

1  atom  potash     ...  6 


12-75 

Nitre  furnishes  all  the  nitric  acid  in  all  its  states  employed 
either  by  chemists  or  artists.  When  burnt  with  tartar  it  yields 
a  pure  carbonate  of  potash.  In  the  assaying  of  nrions  ores 
it  ia  indispensable,  and  is  equally  necessary  in  the  analysisflf 
many  vegetable  and  animal  substances.  But  one  of  the  BMlt 
ogninwdn.  important  compounds  formed  by  means  of  nitre  is  gunptmief, 
which  has  completely  changed  the  modem  art  of  war.  IV 
discoverer  of  this  compound,  and  the  person  who  fiist  though 
of  applying  it  to  the  purposes  of  war  are  unknown.  It  is  en- 
lain,  however,  that  it  was  used  in  the  14th  century.  I^on 
certain  archives  quoted  by  Wiegleb,  it  appears  that  caniwsn 
were  employed  in  Germany  before  the  year  1372.  No  tnccs 
of  it  can  be  found  in  any  Kuropean  author  previous  to  the  18d> 
century ;  but  it  seems  to  have  been  known  to  the  Chinese 
long  before  that  period.  There  is  reason  to  beUeve  that  cw- 
nons  were  used  in  the  battle  of  Cressy,  which  was  fought  in 
•  fimgnatelli ;  Add.  de  Chim.  xsvU.  74. 
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1346.  Titey  Mem  even  to  liave  been  used  tliree  years  (?arlier 
I  tt  (he  sicgt-  uf  Algpsiras ;  but  before  lliis  time  tliey  roust  have 
been  kuowu  ta  Gennany,  as  tlivro  is  a  piece  of  orditaiice  al 
Ambcrg,  on  wliicb  ia  iuscribeii  ihi-  y«ir  liHiS.  RoRCr  Bacon, 
who  tlied  in  1292,  know  tdc  pro|HTlics  of  Kuiipowdcr;  but  it 
dott  Dot  follow  tliat  lie  uiu  «L-(|Uuinti'(l  wiUi  its  applivutiou  to 
fin^nuL'  .    . 

Gunpowdrr  ix  composed  of  nitre,  sulpliur,  ami  cliarcoal, 
Rducetl  to  powder,  and  mised  iiitiniateiy  witli  eacti   uthk-r. 
Tie  proportion  of  tbo  tDgredtentl  varies  very  considerably  ;  but 
gwdg^ipowder  may  be  composed  of  tbc  following  proportions-f 
7(i  parte  niln; 
15  chaicoal 
0  Bulpliur 
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Ane  ingredientii  are  fir^t  rtxluccd  to  a  fine  powder,  ticpa- 
ntely,  tbeii  mixed  intimately,  und  funned  into  a  thick  paste 
>^tb  vmttT.  Afd'r  tliis  has  dried  a  little,  it  U  placed  (i])ou  a 
■■■nil  uf  sieve  full  of  Email  holes,  through  which  it  is  foreed. 
^y  that  proccas  it  is  divided  into  ^ainit,  the  nhe  of  whicit 
^tpeiiiis  opoii  Uie  size  of  the  holes  lhron|j;h  which  they  have 
Iwii  Bqucexed.  Tlie  powder,  when  <lry,  is  put  into  liiirrchi, 
wkicli  are  made  to  turn  round  on  tlicir  axes.  By  tliia  moliwij 
w  grains  of  gnnpowh'r  rub  agnin.4t  each  other,  their  a^eri- 
Ml  ve  worn  olT,  und  their  surfaces  are  made  smootli.  The 
pMrilirr  ii  tlieii  Ku><f  to  he  j^luzed. 

(iiiniiowdi'r,  as  is  well  knouii,  explodes  violently  when  a  miamn. 

fed  lieat  is  applied  to  it.     Tliis  oombuHtion  takes  place  even 

In  a  vacuum;  a  vast  quanlily  of  gas  is  emitted,  the  sndden 

inductioo  of  which  is  the  cause  of  all  the  violent  effects 

whith  thia  Bukilance  produces.     The  combustion  is  evidently 

wing  to  ibc  decompo&ilion  of  tlie  nitre  by  tlic  charcoal  and 

•ul(»hur.     'J'he  pnxluclA  are  carbonic  acid  gas,  azotic  gas,  sul- 

pliurouH  acid  giu,  and  ])ruhiibly  sulphuretted  hydrogen.     Mr, 

Cnitckabanlui  luu  aicerlaincd  lliat  no  perceptible  quantity  of 

mtor  is  formeil.     What  remains  after  the  combustion  is  potash 

■Mnblncd  with  a  smidl  portion  of  carbonic  acid,  sulpliate  of 

B  ■  Sec  WsUod'a  Oliemical  Umyt,  Vol.  L  327.  for  b  full  dcinil  of  the  fscLi 
^BnpMling  llin  ■nbjcci.  Frocit  Harbour's  Lire  of  Robert  Briicr,  Jt  apgiton 
^pkM  guM  vcrc  uMxl  by  tlie  En^litrti  (or  the  first  limo  about  ihe  jcor  1380. 
B  f  For  •  ftill  iktHtl  of  every  tiling  retpecdng  th«  pro|>ortloiis  and  numu- 
bctorc  of  gunpowder,  the  roidr-r  jh  rvfcrrvil  to  o  wry  intcrMting  iliu>cn«tion 
by  Dr.  WiUon,  Euajs,  ti.  t,  aud  Cu  Uuuiuc'b  Clicuii^ir),  1.  466. 
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potasht  n  very  tunall  proportion  of  itulphuret  of  potnsuum.  and 
micuiDiuiiicd  L-liarcoiil."  TliU  mixturt^  kioou  atlracte  moisture, 
imd  tlxc  Hiilphurrt  wliivk  it  contuins  ciiuttlcH  It  to  act  strongly  vo 
metallic  bodies. 

A  mUture  of  r<]iml  parts  of  tartar  and  nitrtr,  deflagrated  in 
a  crucible,  U  known  by  tlie  name  of  wiite  flux.  It  is  merelj' 
a  mixture  of  cnrboimte  of  potasb  u-itb  wme  pure  potaHli.  Wfaea 
two  parts  of  tartar  aiid  one  of  iiiir«  are  deflagrated  in  tlii* 
manner,  tlie  residtiura  is  called  hhrk  fttu:  from  itM  colour.  It 
Is  mi^rely  a  mixture  of  cluircoal  and  carbonxtv  of  potusb. 

9.  Hffponitritr  o/  piitush.  'I'lii»  salt  may  be  obtained  by 
decomposing  liypoiiitritc  of  Icud  by  mrbonatc  of  potaah,  or  by 
keeping  nitre  in  fusion  till  the  disengagement  of  oxygen  gM 
without  any  augmcntatioi]  of  temperature  ceases.  The  sail  i> 
then  allowed  to  cool  and  diMolvedin  w^ter.  The  first  crystal* 
that  are  deposited  are  usually  of  nitrate  of  potasli ;  tlicii  the 
hyponi  trite  makes  its  appearance,  'iltissalt  contains  no  w^al«~ 
of  cryntallir^tJon,  but  h  conipoM^d  of 

1  atom  hyptmitrous  avid      .         4-75 
1  atom  potititli     .         .         .         d 
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lO.  Chlorate  of  potash.     This  salt  was  discovered  by  B«r- 
thi^et,f  and  liaa  been  very  much  investigated  by  cEicmUtx  in 
generaL 

It  h  prejiared  by  dissolving  one  part  of  cnrbonatc  of  potuli 
in  six  parLi  of  wau-r,  putting  the  mixture  into  a  Woolfe's  bottle, 
and  •atunittiig  the  potash  u-ith  chlorine  ga;i4  When  the 
Mtaiation  'n  netirly  completed,  the  eblorale  fidU  ilowii  in  cryii- 
tile.  It  may  be  purified  by  M)lution  in  boiling  water.  Asthe 
WKtcr  cool**,  the  pure  chlorate  cry  Ala)  I  i):e«.  The  crystals  arc  to 
be  dried  between  folds  of  blotting  paper. 

According  to  Ilaiiy,  tlie  primitive  form  of  tlie  crj-stak  of 
chlorate  of  puiath  i.i  an  obtuiti^  rhomboidal  prism;  but  it  it 
amdly  ubljuned  in  small  tliin  pUtesof  a  silvery  whiteness.  It 
Is  only  by  allowing  on  uiisaturated  solution  of  it  in  boiling 

•  Crvlckshanin,  Nlcbobon'ti  Journnl,  iv.  2^8. 

t  It  wu.  b  bet,  Sm  di»cui-i'ri;d  l>y  Dr.  Ui^ns,  iriio  nWMtiaiH  it  bl< 
ITSC;  bill  a[ij>c!ark  to  hart  mutAhcn  It  br  nitre.  See  Higgiai  oo  AoilMn 
AciJ.&c.  p.  IKO- 

t  Tlic  bottle  conlniiiing  the  alkali  niii^t  be  covered  up  fraut  the  llg|A>, 
otherwise  no  cr)-«tBU  of  clilorate  can  be  oblaincd,  w  1  have  mora  tb«a 
ODCe  n|)«r!enccd. 


water  to  cool  slowly,  or  by  exposing  n  solution  in  cold  water     *«•■  'i- 
to  !^>ontani>«us  evaporation,  tliat  it  in  obUiiuecl  in  large  regular 
ihomboHluI  crystal 

lift  tksto  is  cooling,  aii>tf  re,  and  diMi^rovuhle,  somrwhat  ana- 
logoiM  to  that  of  nitre,  It«  sjn'i-ific  gravity  is  l-»89.'  Its 
wlulHlity  ill  wnt«r,  iw  tletenniiinl  by  Ouy-Lutwoc,  isas  f<^loW8 : 

.■J2»,     100  water  dissolvos    O-O-l  of  tlie  salt 
56  5-6 

59j  6-«3 

76  8-44 

95  12-05 

122(  18-96 

166-d  i)5--10 

220-6  60-24t 

« il  not  sensibly  altered  by  exposure  to  the  air.  If  the  heat 
Wniwd  to  redness,  it  rapidly  gives  out  more  than  the  tliiwl 
<*  iu  weight  of  oxygen  gas.  It  is  from  this  salt  that  oxygon 
(M  caji  I»e  ohtiiined  iii  tlic  stat«  of  the  gtwitesl  purity.  After 
•i»  eSnvMcence  fa  over,  there  remains  common  chloride  of 
poteMtum. 

The  most  astonishing  of  its  properties  arc  tliose  which  it 
'tMliits  when  mixed  n-ith  combustihles.  All  eointiuHtiblc  sul>- 
'lances  wltalever  are  capable  of  decomposing  it,  and  in  general 
lir  decomposition  is  attended  n-ith  violent  detonations. 

When  three  parts  of  this  salt  and  one  part  of  sulphur  are  n>rtiutAD 
njttimtfd  in  a  mortar,  the  mixture  detonates  violently:  the 
■ne  elTcct  is  produced  when  the  mixture  is  placed  upon  ait 
tnril  and  struck  smartly  witli  a  hammer.  Nay,  it  even  some- 
liii»es  detonateo  spontunooiuly  without  any  perceptible  friction, 
ud  ouglit  not  ihcrcforc  to  be  kept  n^ady  mixc<l.  Cluircoal 
produce*  tlic  same  effects,  though  not  so  violent.  This  pro- 
perly induced  Bertbollet  to  propose  it  ns  n  substitute  for  nitre 
In  the  preparation  of  gunpowder.  The  attempt  was  made  at 
Emme  in  1786;  but  no  sooner  liad  the  workmen  begun  to 
triluret«  tlie  mixture  of  charcoal,  sulphur,  and  chlorate,  than  it 
exploded  with  violence,  and  proved  foral  to  Mr.  Lelors  and 
Mademoiselle  Clierraud.  Tlie  force  of  this  gunpowder  when 
it  ia  prepared,  is  greater  than  tliat  of  the  common  sort  of  pow- 
der ;  but  the  <langer  of  preparing  it,  and  even  of  using  it  after 


*  HMMofrau.  Ann.  cle  Chmt.  XKviii.  It. 
f  Aauls  of  Philou{ilijr,  xv.  1 1. 


I 


414  OXTGEH  ACID  SALTS. 

""'•    it  is  prepared,  is  so  g;i«at,  diat  it  can  hat^f  ewr  be  Bnbstitntcd 

with  adnmtage  for  common  gunpowder. 

Pliosphonis  also  detonates  with  this  salt  either  by  tritaration 
or  percuasion.  The  quantities  ofeach  used  ought  not  to  exceed 
half  a  grab,  or  at  most  a  grain,  otherwise  the  experiment  maj 
be  attended  with  some  danger.  It  detonates  also  when  treated 
in  the  same  way  with  almost  all  the  metals,  and  likewise  wiUi 
cinnabar,  pyrites,  sugar,  gums,  oils,  alcohol,  &c.  Wlien  thrown 
upon  platinum  heated  to  whiteness,  it  does  not  detonate  bnt 
sublimes.  The  sur&ce  of  the  platinum,  however,  is  oxidized; 
for  acetic  acid  dissolves  a  part  of  it ;  and  when  pnustate  of  lime 
is  poured  into  the  solution,  the  liquid  becomes  of  a  greenish 
white  colour.*  When  thb  salt  is  triturated  in  a  mortar  widi 
a  little  cotton  cloth,  small  repeated  explosions  are  heard,  similar 
to  the  crack  of  a  whip,  and  if  the  cotton  be  dry  and  warm  it 
sometimes  takes  fire.  It  always  does  so  when,  after  the  trv 
turation  has  been  continued  for  some  time,  Bulphuric  acid  is 
poured  upon  the  cotton.  When  nitric  acid  is  poured  upon  a 
mixture  of  chlorate  of  potash  and  phosphorus,  fiakes  of  fire  are 
emitted  at  intervals  for  a  considerable  time.f 

The  theory  of  these  explosions  was  first  pointed  out  by 
BertfaoUet.  The  oxygen  of  the  acid  combines  with  the  com- 
bustible, and  at  the  same  time  lets  go  a  quantity  of  caloric ;  and. 
trituration  or  percussion  acts  merely  by  bringing  the  particles 
which  combine  within  the  sphere  of  each  other's  attraction. 

When  this  salt  is  heated  to  incipient  ignition  it  gives  out 
oxygen  gas  in  abundance,  and  chloride  of  potassium  remaiuL 
In  this  way  it  has  been  analyzed,  and  shown  to  be  a  con- 
pound  of 

I  atom  chloric  acid       ,         ,         9'5 
1  atom  potash       ...         6 
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Advantage  has  been  taken  of  the  properties  of  this  salt  ta 
Hucbct.  make  matches,  which  take  fire  when  dipped  into  sotphuria 
acid.  Thirty  parts  of  the  salt  in  fine  powder  are  intimatety 
mixed  with  ten  parts  of  levigated  sulphur,  8  parts  of  sugar,  6 
of  gum  arable,  and  a  sufiicient  quantity  of  cinnabar,  to  give  the 
whole  a  red  colour.  The  sugar,  gum,  and  salt,  are  firatmized 
iutimateiy,  then  water  enough  is  added  to  bring  the  whole  to 
the  consistence  of  thick  cream.     Lastly,  the  sulphur  is  added, 

*  MorvcBu,  Add.  tie  Chim.  xxv.  18.    f  Collier,  Mancheater  Mem.  v.  sm 
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ind  tlie wliolc well kneailcfl together.  Matebf 8 iilrpikly coated  8«*-i 
with  flolphur  arc  dipped  into  this  matter,  and  ihua  coated  over 
with  a  thill  cnist  of  the  mixture  and  allowed  to  dry.  W'lifin 
Ane  matebe«  art'  dippi-d  into  Kulphuric  add  I.liey  kiiiilic  imd 
M  fire  to  lli«  sulphur,  and  thus  may  be  employed  to  light  a 
andlc. 

What  is  called  percussion  powder,  is  merely  a  giuipowder 
In  vhich  chlorate  ofpotadi  la  siilMlituted  for  nitre.  A  little  of 
■■  ii  put  intA  a  thin  copper  thiinhle.  When  struck  it  eutchos 
Sreand  explodes  the  powder  in  the  piece. 

It.  Brvmnle  of  potath.  Thiu  salt  is  obtained  when  bromine 
M  dMwIvcd  in  caustic  poliisli  ley.  It  precipitates  a*  it  forms 
in  iLe  state  of  a  white  powder.  It  is  little  soluble  in  cold 
*at«.  hut  much  more  noliiMe  in  boiling  water,  and  as  tlii» 
folutioii  cools  it  is  <b>positcd  in  needles  or  crystalline  plates, 
^Ticii  heated  it  behaves  like  chlorate  of  potash.*  It  has  not 
■•^eti  rijforously  nnaiyzcd,  but  from  the  cxpcrimontt  of  Balard 
lut^-rc  can  be  little  doubt  thnt  it  is  a  compound  of 

I  atom  bromic  acid        .         .         16 
1  atMD  polasli       ...  A 

91 

VZ,  lodafc  of  potash.     TTie  ensient  moiie  of  forminff  this  sail 

I  IIId  pasd  a  current  of  chlorine  gas  thnni);h  iodine  rill  a  com- 

WlatioD  is  formctl,  M'liich  is  to  be  saturated  n  ith  caustic  pota>ih. 

lodate   of  pntaxh   precipitates,   while   chloride  of  potassium 

MiHiin«  in  Mtlulion.     The  iml»le  is  to  be  dissolved  in  boitin^r 

liter  and  set  aside  to  crystalline,     Iw  crystal!*  are  so  wnall 

ttat  tlieir  fignre  has  not  lutherto  been  aicertulncd.     'HiIs  salt 

ii  not  altered  by  exposure  to  the  air.     One  Ittnidred  pFirts  of 

1i-al«rat  57"^  dissolve  7*48  parts  of  this  salt-     Wlieu  Lented 

bt  mlness,  oxy^n  gas  is  dtsi-n^igi'd  and  iodide  of  potamum 

■  remains :  on  burning  conis  it  fuses  and  dcfln^tes  like  iiltrcf 

f-l  part  of  this  salt  at  57°  ditaolves  in  13-4.i  j>art*  of  water.     It 

is   insoluble  in  alcohol.     Sulphuric  acid   dissolves   It   when 

awtsted  by  heat,  without  decomposing  it.     100  parts  of  tliis 

mlt  when  healed  to  redness  give  out  about  23^  of  oxygen  gas. 

he  constituents  arc 

*  Balnrtl,  Ann.  dc  Chim.  et  de  Phys.  xxxii.  30d. 
f  Gay'LiuiBc,  Ann.  He  Chim.  xci.  74. 
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""'■  1  atom  iodic  acid       .         .         20-76- 

1  atom  potash  .        .  6 


I 


26-75 

There  exists  a  disiodate  of  potash  which  cry Btallizes,  but  bv 
not  been  hitherto  accurately  examined. 

13.  Carbonate  of  potaek.  This  salt  has  been  long  known  to 
<^emist8 ;  and  before  its  composition  was  ascertcuned  by  Bladi' 
it  was  characterized  by  a  great  variety  of  names,  according  ts 
the  manner  of  preparing  it ;  such  as  Jiaxd  nitre,  sait  (^  tartar, 
vegetable  <Ukali,  &c.  Its  properties  were  first  described  with 
precision  by  Bei^an  in  i774.» 

The  pearl  ash  of  commerce  is  a  carbonate,  but  very  mncb 
mixed  with  foreign  substances.     It  may  be  freed  from  the 
greater  number  of  these  foreign  bodies  by  pouring  on  it  ite  ow^ 
weight  of  water  and  allowing  the  whole  to  remain  for  24  hour* 
under  occasional  agitation.      The  water  b  then  decanted  of* 
and  evaporated  to  dryness.     Most  of  the  foreign  salts  remal<* 
nndissolved.     The  salt  thus  purified  is  sold  by  apothecaries 
under   the   name   of  salt  of  tartar.      It  is  still  too  imparl 
for  chemical  purposes.     Pure  carbonate  of  potash   may  b^^ 
obtuned  by  heating  bicarbonate  of  potash,  or  by  burning  pur^ 
cream  of  tartar  or  a  mixture  of  equal  parts  of  cream  of  tarta^" 
and  nitre,  and  dissolving  the  residue  in  water  and  evaporatiii^' 
the  solution.     When  the  solution  is  concentrated  till  its  gpc 
cific  gravity  is  1'62,  and  then  put  into  a  tall  cylindrical  ^aatf 
vessel  and  left  to  cool  slowly,  it  deposites  crystals  which  hav^ 
the  form  of  rhomboidal  plates,  and  which  speedily  deliqoeace* 
when  exposed  to  the  air.f     The  primary  form  of  the  cry^  a* 
an  octahedron  with  a  rhombic  base,  the  angles  of  tbe  rhoab 
are  laS"  and  58°. 

Carbonate  of  potash,  thus  obtained,  is  a  white  salt  haring  » 
strong  alkaline  taste,  but  not  caustic     It  changes  vegetable 
blues  to  green,  and  deliquesces  rapidly  when  exposed  to  ite 
air.     It  is  insoluble  in  alcohol,  but  very  soluble  in  wBier.    It 
is  composed  of 

1  atom  carbonic  acid         .         .  2-76 

1  atom  potash  ...  6 

2  atoms  water  .         .         .  3*25 


II 

•  OpuM.  i.  13.  t  Fabroni,  Add.  de  Chim.  et  de  Pbyt.  utr.  &■ 
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sb  of  commerce  is  alu-aya  in  the  stale  of  a  carbonate; 
but  il  cotitsiru  likvwute  tieveral  foreign  Aubstaneeii  whidi  rt^iidcr 
tke  proportion  of  ulkitli  vuriaMo.  Mr.  Kinviiii  luw  puiiib-d 
Mt  a  very  in|^cnioiii>  nKitbotl  of  detecting  itio  quiintity  of  alkali 
in  any  specimen,  by  the  pn^erty  wliicli  it  luis  of  precipitating 
kluuiiui  from  alum  ;  and  Vauquelin  Iiaa  published  a  Nlill  simpler 
WHbod,  iioini'ly,  tlte  quantity  of  nitrie  acid  of  a  given  density 
ry  to  saturate  u  friven  weight  of  the  »Hilt.  From  his 
tnto,  we  learn  that  the  following  kinds  of  this  saltluiowa 
in  commerce  contain  the  following  ingredienta  :* 


Potnsh  of  ItuH^ia 


Amertca 


American  Pcarl-asti 


Potusk  of  Treres 


Daiitzic 


\'0(«gC» 


77*2 


857 


754 


720 


603 


65 


151 


80 


165 


152 


444 


148 


•s 


20 


44 


56 


'24 


14 


510 


79 


•M 


h 

it 


254 


119 


S08 


1152 


1152 


1152 


im  1152 


004  1152 


»04  1440 


SUil  simpler  and  more  aeeurate  methods  of  determining  the 

V**rity  of  these  bodies  Lave  been  contrived  by  DeeroiziUe  and 

*>vy-Lu9sae.     But  it  seeniH  scarcely  necessary  to  point  out 

■>e»e  methods,  a»  tlie  use  of  potash  in  tliis  country  is  dimin- 

■Wng  ver)'  rajitdly,  carbonate  of  soda  being  gradually  taking 

1^  place.      And  tliis  last  alkali  is  prepared  by  our  manufiictUTera 

l*>  a  Mate  approaching  so  nearly  to  purity,  that  there  is  seldom 

Wdflioo  for  testing  it. 

14.  liiearbonule  oj'jiofa*h.  Tliis  salt  is  formed  by  saturating 
pMaah  with  carbonic  acid,  which  iK  bent  done  by  causing  the 
pa  to  pan  through  a  wlution  of  potash  til)  it  refuses  to  absorb 

tany  more.  The  potiwh  of  commerce  is  nii  impure  carbonate 
af  potaab :  by  distilling  it  with  solid  carbonate  of  lunmonia,  it 
may  be  converted  into  bicarbonate  of  ]>ota)di.t     Whei]  potash 


SRt.  n. 


•  Aon.  de  Chini.  xL  2i& 


tl. 


Se 


t  BcnhollM. 
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in  titan  sattirated  witli  caibaitic  acid,  it  aln'a^'s  Ipts  fall  &  quundty 
of  silicti.  Mr.  Pelletier  lias  prupoRcil  tli»  jtatumlioi)  att  Ui«  lie&t 
mothud  of  purifyinfr  ]i«bL>li  fr»in  tlio  eanb. 

'i'lir  primary  form  of  tlie  crystal  i»  »  ri^t 
oblique  prJifii),  the  faces  of  whicli  mvtt  at 
aagles  of  100°  25'.  The  figurv  in  the  miuf^n 
represents  tlie  most  common  secondary  form 
(<-XLi-pl  lliat  tlie  face  T  b  usually  n-sntin^), 
imd  the  foUowiit);  ure  the  measure  men  tM  of  | 
angles  by  Mr.  Brooke:* 
M  on  a  plane  parallel  to/  .  . 
M  on  f 


I 


Ton^ 

Ton/ 
e  on/ 
M  on  d' 
d-  oil  d' 


la?* 

35' 

V26 

45 

156 

60 

128 

50 

IDA 

40 

111 

00 

138 

00 

This  salt  baa  un  alkaline,  but  not  a  caustic  tiiste,  und  still 
giveJB  a  yreen  folour  to  vegetable  blues.  Its  sjieeific  grarity'' 
is  S-OlQ.f  It  is  soluble  at  the  common  temperature  in  iiboufc 
four  times  its  weiglil  of  wat«r.:t  Boiling  water  dissolres  |tii# 
of  its  weiglit.}  Alcohol,  e.veu  when  hot,  does  not  dtssolvf? 
above  ■j-i'oo'''  P'"''  °^  ''•  l*vl''"tie'"  hiw  ob»i>rvi-d,  tJmi  when  die^ 
crj'stallized  salt  is  dissolved  in  boiling  n'ater,  bubblnt  of  car 
bonic  acid  gas  are  emitted.  It  is  not  altered  by  exposnre  to 
the  air.  Heal  deprives  it  of  its  water  and  part  of  its  acid,  buC 
does  not  decompose  it  eomjiletely. 

Ur.  WoUaston  first  deuionittrated  lliat  this  wit  contains  twice 
M  muck  carbonic  acid  as  tlie  preceding.  The  water  which  it 
cootaiiH  amounts  to  very  nearly  I)  utom;  but  most  probably 
the  czCMS  above  one  atom  is  merely  loilge<l  between  tlic  pialeo 
of  tlic  crystals.  We  may  therefore  consider  the  salt  as  com- 
posed (d* 

2  atoms  carbonic  acid         .         .  5-5 

1  atom  polo&li  ...  6 

1  utom  water  .        .        .  1-H& 


\ 


15.  Staquicarbcmaie  t^f potash,     I  first  gotaspeeimen  of  tUi 
salt  from  tlie  late  Dr.  Nimmo  of  Glasgow,  wfao  had  obtaiaal 


*  Annalri  of  lliilotophy  (3d  >eries)  vi.  48. 
-f  IIutBcniralJt,  Ana.  dc  Chitn.  xxviii.  It. 
X  OvrffBaa,  i.  13.  ^  Pelletkr. 


M 


HALTS  OF  POTASH. 

il  aociilentally   trlUiout  he'uig  aware  of  its  luttuTo.  "  Upon     *«'■"■ 

Wulyzing  U  1  aMwrtaiiic^  its  nature.     1(  is  cuily  obtained  by 

^ioolving  hicurliiiiuitv  of  potn^ii  in  water,  and  boiliiis:  tticsolu- 

oon.      One-fottrth  of  tlie  carbonic  acid  is  expelled,  and,  of 

taurec,  a  sesquicarbonale  reroiiins.   'I'be  only  crystals  of  it  that 

Ihavr  obtainedare  irregular  six-sided  plates.     Tliey  are  traiis- 

Incent,  and  lave  nearly  tin;  »umc  ta«tc  as  the  bicarboiiutc.     1 

found  iliem  compOMil  of 

1^  atom  carbonic  acid         .         .  4*125 

1    atom  potash  ...  6 

6    atoms  water  .         .         .  6-76 
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16.  PhtMphate.  of  potash.  This  salt  may  be  obbuaed  by 
adding  carbonate  of  pota«li  to  hot  pho«plioricadd*  tlU  thcMti^ 
<i*a  c«ise§  to  produce  any  cifcct  upon  regetable  blues.  When 
ihiK  solution  iM  nufficiently  concentrated,  and  set  aside  in  a  dry 
(■W  ii  gniditally  <lopoaile«  phosphate  of  poUb^h  iit  Hfnall  tran.'^ 
pwni  cryHlali*.  These  crystals  are  four-sidvd  prisms  termi- 
"■•td  by  four-«ided  pyruniiiis.  'ITte  «iU*  of  the  prism  are  all 
*S<Blt  and  its  angles  right  angles.  Homctiines  the  intervening 
prim  w  wanting  so  that  the  crystals  have  the  form  of  small 
<MihedroKS.  'IliU  »alt  has  a  cooling  and  soinewbat  urinous 
^Ne,  but  neither  Mirang  nor  disagreeable.  It  is  not  altered 
6y  etpmurc  to  tlic  air.  It  is  very  nolublc  in  water,  and  melta 
i*t(i  4  U(|uid  when  exposed  to  a  red  heat  While  in  a  state  of 
Mito  its  colour  is  yellow ;  but  it  i^ain  assumes  its  wliite  colour 
<B  GDolisg.     I  consider  it  as  coropowd  of 

1  atom  phosphoric  acid         .  4-5 

I  atom  potash  ...  6 

1  atom  water  .        .        .  MS5 


1 1-625 
the  atulysis  would  rc<inire  repetition.  The  crystals  of 
InJt  ar<-  so  difficult  to  procure,  that  in  most  chemical  liooks 
t  il  described  as  uncryKtal livable. 
17.  liifAogpknte  of  potafA.  This  suit  is  easily  obtained  by 
adiling  carbonate  of  potasli  to  phoephorte  acid,  till  litmuM paper 
reAlrniNl  hy  it  rOHumes  iw  blue  colour  when  dried  in  the  nir. 
The  Kidt  shoots  into  large  crystuU  when  the  liquid  is  con- 
c«ntrated  to  the  requisite  pcnnL  'Hie  primary  form  of  tlie 
cryalal  is  a  right  square  pri*in.  Two  opposite  face*  oi  tlie 
^nuiva  are  often  much  enLorged  ut  the  expense  of  the  two  utherv. 
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■  ■e  pri^H  H  HBBijr  ** '  ■>'"**"  by  &  RMtr-ndcd  pynmd  wUdi 
t  fieqaendr  truaated.'     It  has  a  vliiw  and  coolii^  tast^ 
leadDf  in  ««ter;  bat  is  insolnUe  in  alcohd.     Its 
as  deteimined  by  tbe  experiments  of  BCtdierHd 


3  atons  pbosphoric  acid  9 

1  aton  potash  ...  6 

Satomwater  2-25 


17-25t 
1&  PJ/iotpkate  efpola^     Tim  salt  may  be  obtnned  by 
addii^  bydiate  of  potash  to  a  solndon  of  the  pho^hate,  erap»^ 
latii^  to  dryoesB,  and  removiiig  the  excess  of  potash  by  tie»-- 
hoL     This  saJt  is  tasteless  and  insoluble  in  cold  water,  bM.-| 
solnUle  in  hot  vater ;  aad  it  predpitates  as  tlie  solution  ooola 
in  a  gritty  powder.     It  is  extremely  fiuible ;  melting  befiir« 
the  blow-pipe  into  a  tranq»rent  bead,  which  becomes  t^wqnc 
on  cooling.     It  is  soluble  in  nitric,  muriatic,  and  phoephnr^ 
acids:  tbe  eolations  are  thick,  gludnous,  and  adhenve.    When 
snffidently  dilnted,  tbe  alkalies  occasion  no  predpitate  in  Iheae 
solndons;  but  when  they  aTeconcentiated,aprecipitatei^q>ean 
I  contdder  this  as  a  compound  of 

1  atom  phosphoric  acid  .  4*5 

2  atoms  potash  ...         12 

16*5 

A  Bul^hosphate  of  potash,  analyzed  by  Sanssnre,  was  foond  t* 

be  a  compound  of 

Phosphoric  arid        .        ,  8-5 

Potash  ...  6'd 

10.0$ 
This  approaches 

1    atom  phosphoric  acid         .         .  4'fi 

1  ^  atom  potash  ...  9 

13-5 

From  this  it  is  probable  that  there  are  two  snI^)hoapbatet  of 
potash. 

19.  PhoaphiU  of  potash.    This  salt  is  incrystaUisable,  ddi- 
quescent^  and  insoluble  in  alcohol.§ 

•  See  Mitcberllch,  Ann.  de  Chim.  et  de  I^ji.  xiz.  37a    f  Bad.p.3ii 
\  Bur  la  T^etfttion,  p.  SSI.  $  Ihikaf. 
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f     20.  Hgpofthxiphile  ({fjiottuA.     lliis  salt  is  obbtinrd  by  boil-     »«*■  '"■ 
inj  plMMpliorus  h\  a  potnali  ley.     It  doci  not  crystallize,  but  "^^^^ 
bmu  II  naliiie  maiis,  soluble  in  alcohol,  and  deliqucnciti^  more 
npidly  ibaii  cbluticU-  <>f  cfilcitim.      In  coii^i*<]ui.'iicc  of  its  solu- 
bility ill  alcoliol,  it  is  w»ily  freed  from  phoNpliittes  or  pliosplutes,  fl 
wben  it  Iiappens  to  contain  tbcm.*  H 
31.  Aruniate  of  potash.     This  salt  is  obtained  by  neutral-  ( 
ini^  anonic  add  with  potash,  and  evaporating  the  solution. 

»We  otAun  an  incrystatttxable  uUt,  which  deli(iues<ces  in  tlie  b 

ti^  nadeni  Hvrup  of  violet-i  green,  but  ilae»  not  alter  tlie  Jiifii-  ^| 

*i<m  of  turnsole.     When  beated  in  a  clay  crucible,  it  \»  partly  ^| 

moverted  into  a  white  gluss,  and  ]iartly  changed  into  urwniutc  ^| 

of  potiwli.     W'lieu  mixed  witli  one-eighth  of  il«  weight  of  chitr-  H 

ntl  jKnrder,  and  iJistilled  in  a  retort,  it  swells  and  bubbles  up 
Holeotly,  evidently  in  consequence  of  the  disengagement  of 
(Whonlc  acid  gas,  an<l  at  tlie  tuune  time  a  (juantity  of  arsenic 
■  wblimed  :  the  residtinm  is  merely  carbonate  of  potash  and 
tWcoat 

ThtlsaltLsacompoiincl  of  1  atom  of  anienic  acid  and  I  atom 
0(  potBCh.  The  ]>roportion  of  water  which  it  contains  baa  not 
baen  dclennine<l. 

22.  fii}tar»cmale  (^'potash.  This  salt  was  first  formed  by  Mac- 
fluer ;  and  for  tliat  reason  was  long  distinguished  by  the  name 
of  arimticat  Htufrei/  mil  of  Maequer.  He  obtaiiie«l  it  by  dh^ 
*illbg  in  a  retort  a  mixture,  conttiHting  of  equal  purbt  of  white 
oxide  of  anteniv  and  nitre.  After  the  distillutiun,  the  white 
'■^le  mass,  which  remained  in  the  retort,  was  dissolved  in  hot 
*!U<T  iin<l  filtered.  When  properly  evaporated,  beautiful  tran»- 
f^reiit  crystals  of  binarseniate  of  potash  arc  obtained. |- 

tScheele  first  ascertained  tlie  composition  of  this  salt,  by  dis- 
veriiig  tliat  it  vrn.t  obtjiined  by  .adding  ancuic  acid  to  tlie  ar«e- 
ile  of  |>ota)kh  till  the  soUiiton  ci-flncH  to  alter  tb<^  colour  of 
^rup  of  violet!*.      It  then  reildenn  the  infiution  of  tiinoiote,  and 
.  yields  by  e\-aponitJon  fine  crj'stals  of  Mocqiier's  neutral  salt, 
i      Milcherlidi  has  shown  tliat  the  cr}-stals  of  this  salt  have  the 
■^une  ahape  as  tltose  of  liiphu-iphate  of  potash.]  a  right  square 
B|irigia,  usually  terminated  by  finir-Mi<le<)  ]>yRunidH,  tlie  fac«s  of 
tbieh  are  inclined  on  the  corre^ondiag  fjices  of  the  prism  at 
■i^M  of  133°  12'.§ 
TltiB  sadt  has  a  saline  and  cooling  taste,  somewhat  similar  to 


I 


>  DutoaR.  t  Mem.  IV.  I7K.  p.  2£3. 

I  See  also  Mr.  Brooke,  Annali  of  PIiiUi*<iph7,  v.  4S0. 
i  Aon,  de  Cbiia.  et  <1«  Ph)*s.  xi>.  'S70. 
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that  of  nitre.  It  in  not  altered  by  exposure  to  the  air.  Spe- 
cific ^mrity  2  638.  It  m»y  Iw  kt-pt  in  ft  lii-iu.  of  550*  for  a 
GonsidL-rablv  tim«  without  melting  or  uiuliTgoing  any  sciKilile 
chsn^e.  In  a  r«d  liest  it  melts  aod  beooioes  as  liquid  as  water, 
'i'lie  coDgenletl  salt  is  opaque  or  outy  translucent.  Uy  litis 
trr-ntinent  it  locex  7-5  [mt  cent-  »f  itA  weigliL 

It  is  initciluble  in  akohoL  lOOpurt»ufw»ter  at  the  temper- 
ature of  4'2'  <li««olvo  19-047  ports  of  tbin  ndt.  The  specific 
gravity  of  this  solution  (at  60°)  is  1-1 134.  It  ix  much  more 
soluble  in  hot  than  in  cold  water,  llenco  a  satumled  solution 
in  hot  water  crystallizett  very  readily  on  cooling.  I  found  the 
constituents  of  this  wilt 

Arsenic  acid        .         .  6d'420 

I'otwh         .         .         .  •27-074 

Water         .         .  7-600 


lOOHMM* 


This  is  Btmost  exactly 

3    atoms  arsenic  acid 

1    atom  i^odtsh 

1  j  atom  water  . 


)4-6 
6 

1-6875 
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But  Mitcherlich  obtained  nearly  10  per  cent,  of  water  of  cry 
tallizaUou,  which  would  elevate  the  water  to  t«'oatomB.f  The 
salt  which  I  analyzed  had  been  in  my  possession  for  upwunlv 
of  20  yeara.     \A'hGther  tliis  nti)>:bt  not  have  diiuiiiithed  the 
water  of  crystallization,  I  cannot  wy.  ^ 

23.  Arttnite  of-piAatk.    When  nrxcnions  acid  is  diasolvec^K^ 
in  carbonate  of  [xjtwh  to  aaturation,  if  wc  e\-upuratc  the  solution : 
the  acid  tepaniCes  in  octahedral  crystals.     I'lib  does  not  hi^' 
])en  when  caustic  potash  ts  employed.     Hut  tlie  solution  cannot 
be  crystallized. 

94.  IWatt  of  potash.  Tliis  snit  has  been  very  little  exam- 
ined. It  may  be  prepared  by  calcining  a  mixture  of  boradc 
acid  And  nitre.  The  heat  drives  off  the  nitric  add,  and  leaves 
a  white  saline  mns»,  which,  when  dissolved  in  water,  yields 
crystals  of  borate  of  putjish  in  rectangular  four-sided  [trisiM, 
terminated  by  dihedral  summits.  It  is  capable  of  eombiniflj; 
with  an  excess  of  base,  and  forming  a  <liboni(c  of  potash. 

25.  SiticaU  of  itotanh.  SlUeu  an<l  potusli  certainly  unite 
tof^-tber  in  various  proportions.     But  these  combinations  bare 

*  AniUkti  of  Philooitplif,  xf .  6K.    f  Ann,  de  Chva.  c<  de  Phj«.  six.  306. 


not  bc«a  sufficiently  studied  to  admit  of  iloscriptlun.  Wliuii 
one  part  of  sUica  and  four  parts  of  hydmtc  of  potoali  arc  fused 
ttj^iher,  and  cooU'd  very  #lun'ly,  pouring  off  a  portion  of  liquid 
toatter,  nftvr  it  lii»  bifptn  to  solidify  round  tlie  edgen  we  obtain 
niicate  of  putaxli  in  |>raTly  crystaU,  which  ar«  composed  of 

1  iitoin  vilica  .         ,         3 

1  atoin  potffili         .         ,         6 
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Tliu  silicate  is  soluble  in  water,  and  conAlitiites  the  liquor 
uArmn  of  tlie  ancients. 

GliuM  U  uolhiufr  eUe  tliao  a  combination  of  silica  with  potaAli 

■  Or  soda.     When  there  is  iiotliing  present  but  silicate  of  polnsli 
P^  "f  XNh  the  glass  is  soluble  in  water.     The  mixture  of  silii'sles 

^  tine,  magnesia,  or  alumina,  or  any  earthy  silicate  destroys 
'tis  utubitity, 

Fuclis  bas  lately  introduced  tJie  use  of  wliat  he  calls  folublt 
i/Uut  as  an  excellent  vubiituiico  for  rendering  wood,  clutlt,  paper, 

**'(c.,  ditEcult  to  W  liunit.  It  w  formed  l>y  fusing  togi?llier  in 
^  clay  cnicible  10  parts  of  carbonate  of  potusb,  \b  of  (juiirlx, 
't'dwx-d  to  fine  powder,  and  I  port  of  charcoal,  and  keeping 
•'li  the  heat  about  six  hours.  Tlie  iwe  of  tlur  clinrciKil  in  to 
*lvslroy  the  carbonic  acid  of  the  curboiiatc,  which  would  not  be 
*Ji|>eiled  witliout  a  very  violent  heat  The  matter  thus  formed 
^tttacU  llie  inoi-iture  of  the  air,  and  ac(|uires  ii  dull  ikspect.  It 
■h  ctitnpletely  dissolved  when  boiled  tliree  or  four  hours  with 
five  limes  ibt  weight  uf  water.  Tlie  solution  may  l>e  conceit- 
IraUHl  to  a  thick  syrup  when  its  specific  gnivity  \'i  I  "25.  When 
Utiti  syrup  mixed  with  finely  levigated  chalk,  bone  iislies,  clay, 
gbuM,  &e.,  is  laid  upon  wood,  or  clotli,  or  paper,  and  allowed 
ta  dry,  it  renders  them  incombustible  or  nearly  so.  White 
lend  mixed  witli  it  cannot  be  applied  to  wood,  because  it  scales 
ofToii  dryin;^,  but  it  in  un  excellent  uppliration  for  clutb  or  pajH-r. 
2tJ.  StJfniaie  f(f  fioiagh.     This  sidi  is  obtained  when  one  piirt 

■  of  selenium  is  intimately  mixeil  and  detonated  witti  two  purU 
of  nitre,  the  residue  dissolved  in  water  luid  rryNt.'ilHxed.  Mit- 
cherlich,  to  whom  we  are  indebted  lor  the  knuwU-dge  of  this 
(alt,  tiifoTTns  us  tliat  it  exactly  resembles  sulphate  of  potash,  and 
tlutt  it  contains  no  water  of  crynljil ligation.    Its  constituents  are 

1  atom  selenic  acid  .  .  6 

I  atom  potasli        ...  6 
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27.  StleniU  of  potash.  TIiU  «a1t  is  exraedin^ly  Roluble  id 
water.  When  con  centra  led  NtiflicK'ntly,  tlii^  Niirfan'  l>ecomM 
covered  with  n  cTystalline  pclliclr.  When  cvu^Kinilrd  to  dry- 
ness, tlie  salt  attracts  mouturc  from  the  atmosphere.  At  a  ml 
bent  it  mi^lttt  and  becomes  yellow ;  but  recorers  its  white  colour 
on  cooling.      It  in  iiiAuluble  in  alcohol. 

26.  liisttaiiU  i^f  poluith  crystal Itzes  (witli  difficulty)  when 
sufficiently  concentrated,  'llic  crj'Stals  are  feather-Nhaped. 
It  dcliijitOKces  when  exposed  to  die  air  «im1  diuolveN  in  a  noiatl 
proportion  in  alcohol.  V^hcii  long  exposed  to  heat,  one  bfJf 
of  the  acid  is  driven  otf  and  it  in  reduced  to  neutral  sclenite. 

29.  (iualertfiimitf.  of  potoik  does  not  crj-fttalliKe,  and  when 
evapomtcd  to  dryness  speedily  deliquesces  again.* 

30.  Antimoniate  of  potash.  This  suit  may  be  obtained  by 
exposing  a  mixture  ol'  I  part  of  powdered  antimony  and  6  pom 
of  nitre  to  the  greatest  heat  which  it  can  bear  without  fusion. 
It  is  then  to  be  reduced  to  powder  and  washed  with  co\A  water 
till  all  the  alkali  and  nitre  are  dbaolved.  The  residue  beii^ 
now  boiled  in  water,  the  andinouiate  of  potasli  tUssolves,  while 
a  mixture  of  oxide  nf  antimcmy  and  binantinwniile  renuuiu 
undissolved.  The  iiqueous  solution  is  c-olourless.  It  has  ■ 
weak  metalline  taste  \  but  is  scarcely  alkaline  if  the  mass  was 
well  washed  n-ith  cold  n-ater.  Acids  throw  do«-n  from  it  a 
binantimoniulc  of  potash.  When  e\-apomted  to  dryness  it 
leiivcs  a  honey  yellow  transparent  substance,  which  become* 
white  when  all  the  water  li  driven  off.  It  is  scarcely  soluble 
in  cohl  water,  but  is  completely  dissolved  in  boiling  water. 

A\.  Atttimonite  of  potash,  Berzelius  fonnet)  this  salt  by 
fusing  togetlier  white  oxide  of  antimony  and  caustic  |>otulL 
He  tlieti  wa^lied  olT  tlie  potash  by  means  of  cold  water,  bdiI 
dissolved  the  powder  that  remained  in  boiling  water.  This 
water  when  evaporated  yields  the  sjilt  in  »  state  of  purity.  Its 
properties  arc  very  similar  to  those  of  antimoniate  of  poliuh. 

ii'2.  TfJInralf  ofpntnxh.  If  oxide  of  tellurium  he  mixed  with 
nitre,  and  the  mixture  he  exposed  to  heat,  the  nitre  at  first 
melts  without  acting  on  the  oxide.  But  at  the  temperature  in 
which  the  oxi<le  begins  to  liquefy,  tt  decomposes  the  sidt])etTe 
witli  a  violent  effervescence,  the  nitric  acid  is  driven  oif,  and 
the  oxide  dissolves  in  tJie  potash.  The  mass  when  cold  very 
much  resembles  an  enamel.  It  dissolves  in  boiling  water  and 
the  solution  on  cooling  dcposites  an  imperfectly  crystallised 
wliiU'  powder.  Tliis  is  tellurate  of  potash.  It  dtsmlves  in 
•  Derzeliim,  Ann.  dc  Chim,  el  ile  Phys.  ix.  M7. 
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small  quantity  in  cold  u-aler,  and  in  much  greater  proportion 
in  boiling  water.*     1'hc  Iiot  solution  depojiitett  tlie  salt  in  pow- 
der on  cooling.     It  hoti  k  §liglit  memlHc  Xant«,  »nd  jicLi  foebly 
u  an  alkali  on  vegi-uihlc  blue!i.|     W'lien  u  fow  drops  of  nitric 
tcii  ttr«  U't  fhll  into  tlii'  aqueous  solution,  a  bitvllunitc  of  potash 
[iitcipitalcs  ill  a  white  powdi-r,  which  rwldens  vegetable  blues. 
93.  Chromaie  t(f  polaitA.     Tins  Atlt  obtained  by  jraturatitijr 
dinnic  arid  with  potash  ha§  a  verj'  fine  yi*llow  colour.     It 
tiyKallizv*  in  oblique  foiir-udcd  pri»inK,  terroiimlcd  by  four- 
iiti  pyramida.     Two  of  tho  opposite  hit4.^n]  edges  of  the  prtsni 
nnfti'ii  repbrwl  Ky  tanti^ent  planes.     The 
ipre  in  the  nuirgin  cxhibiu  one  of  it«  most 
WDDnou  forniH.   M  and  M'  reprefient  ihe  pri- 
niy  bee*  of  (he  prUin,  iht-y  mcot,  :u;r4irilii)g 
to  die  measurement  of  Mr.  Itruokc,  atiuiKli'^ 
rf  lOy  Ufl',    Mr.  IJro(Jtc(  e«iwidcr«  the  pri- 
mn-  fonn  to  be  a  right  rhombic  ]>rtsin,  the 
•bate  being  the  large  angle  of  the  priam, 
lU  following  are  Mr.   ftrookr's  nieasure- 
"Mnl  of  Mine  of  tlie  other  angles  of  tlie  crystal : 
M  on  A         .         .         1 3.*)°  52' 
MonA         .         .         1'26    17 
A  one  .         .         119    43 

c  on  cr  120    34 

Toe  CTVBtals  are  not  altered  by  exposure  to  tli*  air.  Tlieif 
^louring  power  is  &o  great  that  one  grain  dissolved  in  40,000 
S'^ins  wf  water  forms  a  solution,  having  a  perceptible  yellow 
'^lour.  If  we  dwsolve  one  grain  of  this  sail  and  20  grains  of 
"^Hjietre  in  tvater,  and  evaponte  the  soluuun,  we  obtain  crys- 
^'^  i>f  saltfwtre,  almost  ob  deep  coloured  as  chroniatc  of  potash 

^P  The  taste  of  the  salt  is  cooling  and  bitter,  and  very  ditiagree* 
^<>1ci  and  the  impression  continues  very  long  in  the  tnoulh, 
^  lOO  parta  of  water  at  60"  dissolve  48-36S  poitB  of  this  salt. 
B  Boiling  water  dtNMlvei;  any  qnantil)-  whatever.  It  is  inauluble 
H  In  alcoiiol.  It*  nprcifie  gnivily  is  2-61 U.  It  may  be  heated 
^  Id  400"  witliout  any  chiinge.  W'hen  heated  to  rednesa  il 
Miuni-s  a  crimson  colour,  hut  recovers  m  yellow  colour  on  cool- 

Iing,      When  fused,  which   requires  an  intense   red    heat,   it 
becomes  permanently  green.      Hence  it  seems  to  be  deprived 


Sst.11. 


*  According  lo  Mi^ua,  it  ii  quite  iuoJublc  in  wotcv  whether  colli  or  hot. 
f  Bcneliut,  Nicliiiijon'ii  Journal,  xxxvi.  130. 
I  Aauli  of  Philoaopbf  (Sd  teriu),  n.  IW. 
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)-  of  n  portion  of  its  oxygen.  In  a  red  heat  it  lo«cs  ubout  3  per 
cent,  of  its  weight  owing  to  the  pretience  of  water  mrcltajitcaily 
lodgnd  between  tlie  i>Ute«  of  the  cryttals.  I'he  con»titueiilB 
of  this  mil  are 

I  atom  ehromic  acid         .         •  6^ 

I  atom  potash  ...  6 
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34.  Bichromate  <^polath.     This  salt  b  obtained  when  nitiit 
acid  is  poured  into  aii  aqueous  solulion  of  the  preceding.     'I1ka 
colour  becoioes  ivA,  and  the  bichromate  is  d«|>uutt><l  in  l>eaulifn 
cry»taU.     It  is  now  mnnufnctured  in  large  quantities  in  GL 
gOW  and  other  places  for  the  use  c^  the  «ilico  printers 

The  crystals  are  rectangular  or  square  prisnos,  sometime* 
terminated  by  four-sided  pyramtda.  Tbe  colour  is  an  intense 
orange  red  of  the  grealest  splendour,  it  is  not  nltercd  by 
exposure  to  \\w  uir.  Tltc  taste  is  cooling,  bitter,  and  metallih 
and  it  leurcs  a  hot  impression  in  llie  mouth  which  does  iwIImI 
nearly  so  long  as  tltat  of  the  cbrumiite.  At  the  tempenitureaf 
6;)°  100  parts  of  wnu-r  dissolve  10'44  grains  of  it.  It  is  iiis^ 
luble  in  nlcohol.    The  aqueous  solution  rcddons  vegetable  hi uti 

Tlic  specific  gravity  of  tliissaltis  l'980l.  When  lOOpa/ti 
of  the  salt  were  kept  for  an  hour  in  the  umperature  of  AW, 
the  loss  of  weight  was  six  gtainii,  proceedinf;  from  wnler  tot- 
chanicalty  lixlgeil  between  the  plates  of  the  cryKtuls.  At  a  red 
heat  it  meli«d  into  u  transparent  red  liquid  without  any  fiffthcT 
Ions  of  weight.  It  is  still  perfectly  soluble  in  water.  I'k 
comrtituenis  of  bichromate  of  poiasfa  are 

'1  atoms  ehrmnic  acid  .         IS 

i  atom  potash  ...  G 
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When  a  aolution  of  lead  in  nitric  acid  b  fixed  upon 
olotli,  and  tJu<!  pieces  nfteruiints  piutsed  tlinnigh  an  aquMM 
solution  of  bidiromato  of  putnsli,  it  is  immixliiitely  dyed 
beautiful  and  fixed  yellow  colour.  By  the  same  salt  sercnl 
very  beautiful  purple  colours  are  also  obtainwt,  all  of  them  (pike 
fixed.  Oil  muny  of  the  workmen  whose  hands  are  exposed  14 
the  dolution  of  this  .'tidt,  painful  sores  are  produced  which  Mt 
very  iltfficuU  to  h(«l.  Upon  otlter*  it  produces  no  audi  del»- 
t«rious  effect. 


Annali  of  Philosophy,  xvi.  Ml.         f^lbiiU  3ea. 
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Salts  op  potash. 

35.  Mo^^^^Uf  nfpolatk.  This  salt  crystalUzM  in  small  riglit 
thomliic  prisiDM.  'file  tante  b  metallic  and  astringout,  uiid 
mnrwfauit  Eilkniiiii?,  atid  I  vm  iinntili*  tn  obtain  it  in  ii  8lat« 
vUcfa  MvX  not  render  ciulix'iir  jmijii^r  viol«L  Id  my  luhorutory 
itw  ciyslala  iilowly  deliquesced.  But  Benelius,  wto  prolialily 
nperimente*!  in  a  drj-er  place,  found  them  uimltcrable  in  (lio 
lir.  The  siilt  H  very  noliiblc  in  (Hiiliit^  uratiT,  iiiid  tiie  Hniiiiion 
•  iruMparcnt  and  c«>loHrkM>M.  The  li<]ui<l  on  vooliiig  deposites 
I  alt  which  M-^iiat  to  l>c  a  birmJi^atr  of  potaitli.  A  oimilar 
«ll  ii  depoMtmt  in  n  white  powder  when  a  cnrrent  of  clilorine 
>>  patw^d  Ihmtitrh  an  aqueous  solution  of  molybdate  of  pota»)i. 
llta  jiMolnbic  in  cold,  but  pretty  soluble  in  boiling  n'uter. 

96.  T\tHff*ttite  of  polanA,  This  salt  may  be  formed  by  dis- 
nlriog'  oxide  of  tunj^Klen  in  the  solution  of  potash  or  carbonate 
cf  potash.  The  tioluiion  iilwuyM  retjiins  an  except  of  jmiasli, 
rffmrini!  to  dt)Molve  the  oxide  befoKr  the  alkali  be  completel]' 
MBtntilcet).  By  eva])oration  the  tun|i;«tate  of  potash  precipi- 
blrs  in  the  state  of  a  white  powder. 

This  salt  has  a  meLillie  aiul  c»ustic  taste  ;  it  is  soluble  in 
WMer,  and  very  soon  delii|ue<M-<-H  wlitm  exposed  to  the  air.  Its 
Ulttdon  In  wnier  ii  decx>mposed  by  iiU  llie  iu'id« :  they  occasion 
a  preeipilute  of  bitung^tate  of  potash,  which  i»  the  lunatic  aetd 
of  Scheele.* 

87.  TUaniate  of  potash.  Thia  salt  may  be  obtained  by 
nixing  carlH>i):ite  of  potuh  finely  powdered  wilh  (iianio  acid, 

:ug  the  mixture  in  a  platinum  crucible,  and  keeping  il  in 
u  till  all  gaseous  matter  ceases  to  be  evolved.  If  an  excess 
rf  aitcali  has  been  eniploye<!,  we  find  in  tlie  crucible  two  layers ; 
the  Qppermost  of  cnrlHUuile  of  potitnli,  ami  (lie  unilermotit  litaii- 
hle  of  potash.  Water  decomposes  this  tilaninte  by  carrying 
•ff  tlie  greate"!  part  of  ilie  alknli.f 

88.  CotutttfHite  of  pi>ta»h.  'lliis  mill  may  be  obtained  by 
Axing  together  a  mixture  of  columbtc  acid  and  carbonate  of 
potash  as  in  the  formation  of  the  preoodtng  salt.     The  fiised 

b  to  be  well  ii'iulied  witli  enlil  water  and  tlicn  dlwtolve^l 

iMiiling  Water.     When  tlie  Mtlntion  is  e^'aporaled  w«  obtain 

saline  tnaw,  which  docs  not  cryMtdlize,  aiuI  which  may  be 

Ired  in  water.     It  has  u  weak,  hut  diwigreeabie  metallic 

I'he  mdiition  ix  precipitatetl  by  all  die  acids,  even  by 

carbonic. 

30.  Vrtmiaie  tif  pt/tanh.     Tliis  salt  is  obtained  when  any  salt 

.•f  |Mmui(te  of  nnuiium  w  precipitated  by  an  excess  of  cauHtie 

VauqudBo  Mil  Uodtt.  Jour,  du  Min.  No.  lU.  p.  ttO.  t  I].  Kow. 
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pobuh.  The  salt  predpitat«ii  in  a  yellow  povrder,  which,  wlieo 
hratvd  to  ittlncsts  lixK-tt  ibi  u-atvr  of  crystaUizatioii  aiul  i>«coinn 
yellowislt  red. 

The  m\\y  combinatioD  of  pirroxido  of  umnium  tuid  potasfa 
which  I  was  able  to  obtaia  hy  digestiag  caustic  potash  or  car- 
booaU'd  pi'ntxide  of  uratuum,  wax  a  biurauiate,  composed  of 
'2  aUtta*  peroxide  uf  luwitum   .         .       56 
1  atom  pntaiih  ....  6 

3  ■loins  water         ....         3-37& 
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40.  Maytfimutte  of  pola»k.     TUs  aalt  may  be  obtidiied  by 
toixing  iMjiutl  u-t'i^liu  of  binoxide  of  otanganesc  and  hydrate  aX 
polaftb,  aiid  exposing  the  mixture  to  a  red  heat  for  soine  tiiii0 
in  all  Often  platinum  crucible.     \Vlien  cold,  a  ver)'  small  quaia— 
lity  of  water  is  poured  u|>on  tlie  iniws.     'llie  red  soluttou  ad 
decanted  off  and  immed lately  conceninite<l  till  small  cryauUinA 
needles  begin  to  appear.     It  i§  then  set  aside  id  a  warm  place 
and  large  crystals  of  manganate  of  pota&k  are  deposited.     Tbe 
crystali  are  ueedle>form,  aixl  ubout  half  an  inch  in  leiigtlt 
'I'kcy  have  a  deep  purple  colour,  iiml  may  be  kept  in  a  dry 
Slate.     The  Uslc  'a  sweet  mid  slightly  astringent.     \\*lieii 
dissolred  in  water  the  colour  of  the  solution  is  n  bcmutiful 
purple.  , 

SVlien  a  large  excess  of  pota»li  is  employed  in  making  li«  ■ 
salt,  or  when  [totii^i  is  iulded  to  the  aqueous  mlutioti,  Ui«  " 
colour  bec<>Rii-«  gre^'n.  ^f.  l-'orchluuniner  ascribed  the  greeo  . 
colour  to  a  lower  degree  of  oxidizemeiil  ol  the  acid ;  and  thit  ■ 
view  of  tlic  subject  has  been  confirmed  by  the  latter  exptri-  " 
ments  of  Mitchcrlicli.  But  farther  elucidation  b  necessary  to 
enable  us  to  form  a  definite  opinion  on  the  subject.  I  ban 
Slated  in  ibe  First  volume  of  lliLs  work,  while  treating  of  loaii^ 
gUMse,  the  present  state  of  our  knowledge  of  tiivsv  compouiHk 
The  mmiganate  of  potash  was  first  obtained  in  crystals  bf 
Chevillot  and  Etiwards. 

,  41.  Oxalate  of  potash.  This  salt  b  easily  forrned  by  sau- 
rating  oxalic  acid  witli  carbonate  of  potash,  ao<l  eoiicenirating 
the  solution  to  the  requisite  degree.  The  salt  crystalUxes  tn 
right  rhombic  prisms  wiilt  angles  of  fiO**  and  1S0^  The  taste 
of  tlie  »alt  b  cooling  and  slightly  bitter.  Its  specific  gravity 
2-034.  \\'hen  heated,  it  loses  water  and  falls  to  powder.  At 
the  temperuturc  of  50°  100  parts  of  water  dissolve  45  parts  at 
•  First  I'nnciiiln,  li,  sat 


I 


BALTfl  OP  POTASH, 

dtifi  wUl     When  well  dried,  luid  cxpmod  in  u  <lump  placo,  it 
ahaorbs  a  little  motattirv  from  the  atmosphere.     A  r«d  h«at 
dccompow*  ibe  acid  and  leaver  carhonnte  of  polaidi,  while  car> 
Wic  oxide  gOM  make*  tin  escape.     Its  coiutituciiu  ure 
]  atom  oxalic  ncid    .         *        4*6 
I  atnni  pcitash  .         .         6 

1  atom  wiitvT  .         .         1-125 


43.  BinoxalaU.  <^  potash.  Tlits  suit  exists  ready  formed  in 
naSt  aeOotrUa,  nr  wood  sorrel,  and  in  the  ntmrx  artlom;  from 
vUdi  It  b  extncted  in  some  parts  of  Europe  in  great  quaii- 
dlin.  Hence  it  is  known  by  the  name  of  salt  i{f  woMi-nurrrl, 
ud  in  this  country  u  sold  under  the  name  of  essential  ttilt  i^ 
bmau.  It  U  mentioned  by  Ducion  in  tlie  Memoirs  of  the 
Frendi  Academy  for  1 66&  Maigreff  fint  prove<)  that  It  oon- 
■liiied  potash ;  and  Sch^H'ie  discovered  its  add  to  br  the  oxalic. 
A  peat  many  interesting  experiments  had  been  previoiwly 
*idc  on  it  by  Wenzel  and  M'iegleh.  It  is  usually  prepared 
^  reditcing  the  expressed  juice  of  the  oraiU  acetottUa,  or 
ruMu-  aettoaa^  to  the  oonoisience  of  a  syrup,  and  Betting  it 
tHit  to  crystalliie.  Tlie  brown  crystals  a/c  purified  by  a 
iKond  crystallization.  It  is  manufucttired  In  tlic  large  way  in 
fwitierhind  and  some  parts  of  Germany. 

The  crystals  arc  rhomboids  slightly  oblique  and  approaching 
Id  cubes.  The  specific  gravity  of  tlic*e  crystals  is  2-444.  The 
tMte  ia  ezcessirely  acid.  It  is  chiefly  employed  to  take  ink 
■tains  onl  of  linen.  It  is  soluble  in  about  ten  times  its  weight 
of  boiling  water,  but  much  less  soluble  in  cold  water.  It  is 
noi  altered  by  exposure  to  tlie  air.  Heat  decomposes  it.  The 
Mit  is  capable  of  combining  witli  most  of  the  ulknlios  and 
MTths,  and  of  forming  with  tliom  double  ulta,  which  have  not 
been  accurately  e?(ninined.  \)r.  Wollaslon  (intt  showed  that 
h  oonlains  exactly  double  the  proportion  of  aci<l  which  oxalate 
of  pota«b  contains.  Vogel  of  liareuth  proved  that  it  contains 
IQ-ftO  per  cent,  of  water.  Its  coiiftituents  are 
S  atoms  oxalic  add     .        .        9 

1  atom  potasli  .        6 

2  atoms  water  .        .        3*25 


17-25 
43w  QHatercaalott  of  potmh.    TliU  salt  was  discovered  by 
Dr.  WoUaston.     \\'licn  nitric  or  muriatic  adds  are  made  to 
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act  upon  biiioxalaM  of  potasli,  they  deprive  it  of  ono  )uLlf  d"  il 

alkali.     There  reinai(i.s  litrhitKl  an  oxitUtt-  conliuiiin^  exactly 

fuiir  tiini!it  thi!  |>r(»purtigii  o{  ucii)  lluit  exists  tii  oxiUalc  of  pota»]i. 

Hence  th«  ntinx-  given  it  by  0r.  Wollaston.     Tliis  salt  inay 

be  purified  by  a  §ccond  crystalliimlion.     Its  cryaUiU  az«  oca- 

hedntiu  having  both  their  ape.\e!<  truucateU  ]>retty  det-ply.     If 

three  parts  of  it  t)e  decomposed  by  a  rod  heat.  And  the  alksli 

tliuH  evolved  be  added  to  I  part  of  the  q»;it<.-roxalat^  it  wiU 

jiut  convert  it  into  a  nculnil  oxalate.*     Ita  specific  grarityii 

1-077.     ItH  bisto  ifi  very  sour,  and  il  i$  Ivim  soluble  id  vua 

than  binoxalate.     Its  constituentit,  by  my  analysis,  an; 

4  atoms  oxalic  acid   .         .       18 

1  utMn  pota.^h  .         ,         6 

7  atoms  wnter  .         .         7-875 


31-875 
44.  Actfafe  iff  potash.  Pliiiy  is  supposed,  but  probably  vn 
out  any  reason,  la  have  been  acquainted  witli  this  salt,  becai 
he  recommends  a  mixture  of  vinegar  and  vine  a^hes  a.«  a  cu 
for  a  purticubr  species  of  tumour.t  It  ntu  first  clearly  ile 
scribed  by  Raymond  Lully.  It  luis  received  a  great  number 
of  names;  an,  for  instance,  arcanum  lartari,  aecrttfoltaUdtorih 
<^ tartar,  rsstrntitil  nalt  of  K't'wi?,  rtgtncrated  tartar,  tUttretk  ia^^ 
tiiffentivc  sail  of  Sj/lritut.  It  til  u.iuully  formed  by  diisM>b'ui|( 
carbonate  of  potash  iu  diNlillcd  vini.'^r,  and  evaporatiug  (i)i; 
solution  to  dryness  in  a  moderate,  hcdit,  'l^c  solution  wben 
concentrated  ought  lo  be  filtered  through  animal  charcool,  pro- 
vided distilled  vinegar  has  been  employed  in  its  prepsraliou4 
By  tliis  proccHs  it  is  obtained  in  fine  white  platesi.  Jiy  a  wpD 
m(nuige<l  evaporation  it  may  be  procured  in  regular  prisaiatle 
cryslaU.  This  siilt  hat  a  sliar])  wiinn  tantc.  At  tlic  (cmpcn> 
tare  of  60",  100  parts  of  it  are  soluble  in  lOti  parts  of  H-ater.{ 
It  is  voluble  aW  in  alcohol.  W'lien  exposed  to  the  air,  il 
deliquesces  rapidly.  When  heated,  it  renidily  melt^,  and  to  s 
high  temperature  its  acid  is  decomposed  Its  constituents^  w 
detormined  by  tjynthesis,  are 

I  atom  acetic  acid       .         .         6-25 

1  atom  potatdi  .         •         6 

2  atoms  water  .        9-25 


( 
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■  Wtilluton  on  nipcTRcid  and  subacid  salts.    Phil.  Trans.  1808. 
t  I'iinii,  lib.  xxiii.  proaniium.        t  F's"'w,  Ann,  do  ChJm.  \xxxyl  ■ 
^  Speilmniui.  |  First  rriwi|i)c»,  u.  CAS. 


^^^  SALTH  or  POTASH.  ^^^^^^H  4B 

BtKorrtate  ^  jtoladt.     Tliis  suit  is  ctuity  obtained  by    t**^  '<■ 
bg  8'76  parts  of  dry  carbonate  of  potasli  in  \'2'7Tt  parts 
tallized  acetic  acid  previously  di»Mlvnt  in  water.     Tlic 
I  cryHUlliiciii  with  fiK-iliiy  in  hit^  uanspiireiit  plates. 
ate  is  acid,  and  the  salt  deliqiiescra  rapidly.     I  found 

r  posed  of  _ 

3  atonu  acetic  add     .        .       1 2-5  H 

1  atom  potasb  .  .  0  H 

0  atoois  water  6-76  H 

25-25  M 

Fbrmate  tjf  potath.     Thin  salt  resembles  acetate  of  pot-  V 

it  b  not  BO  deliquescent.  When  lieated  tLc  water  may 
en  off  and  a  melted  mass  remains,  containing  no  water 
Eallization.  The  tiute  of  tlil«  salt  i»  saline  and  bitter, 
bnitcdi  a  portion  of  llic  acid  is  driven  off  aitd  decom- 
Tlic  rest  i«di-«troyed,  and  carbonate  of  potash  remains, 
■tttuents,  in  the  Hiihydrons  Htaui,  are 

tl  atom  formic  nci<l    ,         .         4*625 
1  atom  potash  .         .         6 

10-625 
Sfr//n/i>  iif  jwtaih.     Tbb  salt   when   neutral   fonnii  a 

saline  mass,  In  which  no  crystalline  form  can  be  di»> 
lied.* 

BimeUate  (^  potash.  This  salt  is  formed  when  into  a 
Mncentrated  aqueous  solution  of  the  neutral  salt  wo  drop 
aA  till  a  white  precipitate  like  crtum  of  lartivr  sa^tye^m. 
tfvipitate  is  bimelUte,  If  the  solution  be  he4tled,  tlie 
Btc  is  again  dissolved,  and  on  cooling,  the  bimellate  is 
ed  in  crystals.  The  usual  kliape  is  an  irre^lar  six-sided 
terminated  by  a  blhednil  snminil.  The  taste  is  sour, 
leemn  n«t  more  soluble  in  water  than  cieain  of  tartar. 
bcBtcd,  it  loses  6rst  water  of  crystallizutiou,  and  then  is 
i]F  converted  into  a  black  cliarry  matter,f  This  salt  was 
Bced  by  Vau<)uelin. 
Vartrtitt  qf  itDUuh.     This  salt  is  usually  prepared  by 

at  [ntenrals  tartar  in  powder  to  a  hot  solution  of  car* 
of  potash  till  all  effervescence  ceases.  The  solution  is 
>iled  for  some  time,  aii<l  afterwards  evaporated  till  a 

torm  on  it«  snrtiice.     The  shape  of  tlie  crystals  \%  a 

Uique  prism  deviating  ver)'  slightly  from  recliuigular. 

r,  Poggenikirrs  AniuUcn,  til.  3&t.  f  Ibid. 
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The  inclination  of  lh«  faee«  of  the  priMn  hciiig  rery  nwHy^S* 
30'.  Tlic  obtuse  fdgcs  of  tlie  jfrisin  are  usually  ivplared  by 
binjT«nt  planes.  Thin  salt  has  an  unpleasant  bitt«r  ta«te.  Its 
Hp?c!6c- gravity  »  I-5567.*  Aci-ordin^  to  Wenzel.  it  is  soluMe 
in  !u  owii  weiglit  of  water  at  the  temjierature  of  .10°,  an<l  uHll 
more  )4oluble  in  lint  water,-)-  Wlien  hejited  it  inelb,  sn-ctUiij^  _ 
blackeutt,  and  iw  decompoacd.  It  contains  jiul  lialf  th«  pn^fl 
portion  of  acid  wtiich  exists  in  tartar.  The  compofiition  of  thv 
large  oblique  crystals  of  this  salt  is 

1  atom  tartaric  acid     . 

I  atoti)  pota^li 

S  atoms  n-at«T 


1 
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But  I  have  obtained  tlie  salt  in  trannparent  needles  destitute 
of  wat«r  of  cryMallizatioo.  It  may  b«  a  qnention,  therefaic. 
whether  die  water  in  the  lar^  cfy»lnl»  WM  not  mechmiically 
lodged  betwwii  tlie  platat  of  tho  suit.       ■  "ifl   1  * ' 

."lO.  liitartratc  ofpotanh.  This  salt  Is  obtained,  in  atHt^tf 
impurity,  incru^ted  on  the  bottom  and  sides  of  casks  imvUtll 
wine  has  been  k^tb  It  is  afterwar<b  purified  by  dwolviti; 
it  in  boiliiiff  watc^r,  and  filterinf;  it  while  hot.  On  oooliniri 
it  deposiies  the  pure  salt  iii  wry  im'i:;ul»r  crystals,  hi 
this  state  it  is  sold  under  the  name  of  cream  of  lartar,  Tbi* 
salt  attracted  tlie  peculiar  attention  of  chemists,  probably  id 
consequence  of  llio  extravagant  encomiums  and  inreetiTtt 
bestowed  on  it  by  Paracelsus.  It  te  called  tartar,  suy*  hd 
because  it  produces  tlie  oil,  water,  tincture,  and  nit,  whkfa 
bum  tht-  patient  tu*  hell  does.  According  to  hiui,  it  is  iht 
principle  of  every  di<casr  and  every  remedy,  :ind  all  lhit)p 
contain  the  germ  of  it.  This  ridiculous  theory  wn^  oombulol 
by  Van  Helmout,  who  gives  a  pretty  accurate  account  of  ihr 
fonnMlioii  of  tiirtar  in  wine  caHks.t  it  was  knowii  tu  V: 
Ilelmout,  and  cvi-n  to  Iiis  predecenora,  that  potwh  con 
obtaiiicti  Irom  tartar;  but  it  was  long  u  dii^utcd  point 
chemists,  whether  that  nlldili  existed  iii  it  ready  formed.  D<H 
hamel,  Margniff,  and  Iloueile,  at  hut  establisJied  tliiil  pohil 
beyond  a  doubt ;  but  the  otlier  component  part  of  tartar  ws> 
unknown,  or  very  imperfectly  known>  till  Sdicclc  pointed  nxtk 
the  method  of  extracting  it. 

*  Hsucnrrsli,  Ann.  <le  Chun,  xxviii.  12. 

t  Verwandlkrhiifl,  p.  308. 

I  Tkrttri  Vini  lliaiunu,  Viui  Udnwot,  p.  !3i. 
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The  crystals  of  tartar  arc  vi-ry  flmnll  ami  iircguUr.  Rul  by 
cvAfiil  mpomtioB  it  may  be  obtained  in  irrc- 
^Mular  aix-8i<lc<l  prUms.  Mr.  Brooke  considcrii 
^^^e  jirimary  form  lo  be  a  riglit  rlionibic  j>rUin, 
^■^e  fiwes  of  H'liic)i  mevt  at  aii^cti  of  107'  dO*. 
^Rlie  fif^re  in  tlie  nmrgin  reprosciita  tlic  nwtl  '^ 
f -caininoii  crj'stalliiie  %liape.  The  fullonnng  arr 
till-  mensur^RU'iil^  of  the  angles  aoeArdin^  to 
Mr,  Bro..ke.' 

M  on  M'      .         .  107  ^ 

Mon  A  .  .  1'J6    IS 

MonA  .         .  117     tl 

ewill  125  ao 

c  on  r  .         100     0 

b  on  b-  .         .  77     0 

Tartar  has  an  aci<l  ami  rather  tinpleastaitt  laxt^.     It  is  very 

Wnle,  and  easily  rc<Iitc«d  to  jinwder.     ItN  specific  ^avity  i« 

H    At  60°,   1  p«n  of  tartar  dissolves  in  334-6  of  n-uter. 

Vbcn  boilml  in  water,  the  liquid  takes  up  nearly  ,*:ftb  part  of 

iWnll.f     It  in  not  altered  l>y  exposure  to  ibc  air;  but  when 

ib  mlntion  in  water  iv  allowed  lo  remain  for  ftomv  lime,  tUo  salt 

k  gradually  decomposed,  n  mucous  matter  k  deposited,  and 

ikfw  mnains  in  solution  corboiuito  of  potanh  coloured  witli  a 

tinlc  oil.     Thiti  decomposition  wb«  first  accurately  described 

I>J- Berthollet  in  17824 

When  tartar  in  lie^ited,  it  Dielt»,  itwelU,  blackein,  and  the 
acid  ia  r»tjr«ly  decomposed  The  same  changes  take  place 
wliM  Ou)  wilt  is  di&tilled  in  close  %-es5els.  The  phenomena  of 
lUl  dtsdllution  liave  been  described  with  great  cwv,  and  iu 
products  very  attentively  examined  by  chemists;  because, 
before  the  discovery  of  the  Urtaric  acid  by  Schccle,  difttilbitioii 
WW  iImi  only  method  tko«m;ht  of  fur  ohuitiiiiig  any  knowledge 
of  thv  acid  part  of  tartar.  The«e  products  are  an  enormous 
i|iuuitity  of  gas,  cousisting  of  carbonic  acid  and  carburetted 
bydrugeii,  an  oil,  aii<l  an  acid;  and,  accordiitg  to  some  chemisiN 
earboHOte  iff  ttmntmtia.  llie  acid  obtained  is  called  pt/tviar^ 
■  aeid. 

lartiu-  of  commerce  is  never  quite  pure.     All  the  spe- 

which  I  bad  an  c^porluuit^-  of  examining  contained 

more  than  ^  per  cent,  of  tartrate  of  lime.     A  number  of 


•  Aneals  of  PfiAotuplij  (itil  »tnt»),  rii.  \6\. 
Wenul,  VorwandtMhaft,  i>.  31 1.  (  Mem.  Par, 

'i  I 
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lilM  OXYGEM  ICID  KALTS, 

(tw  I.    tqpeeipaeiiH  were  examined  by  Vaiiquelio  tmd  Boull&y :  Uic 

fouiirl  the  turlrate  of  lime  to  vnry  from  6  to  6  per  eeau* 
constituent  are 

2  atoms  tartaric  acid          .  16.5 

1  atom  poiaali                     ,  6 

2  atoms  wah-r           .         .  '2-25 
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51.  finale  of  potash.  Tliib  salt  lias  a  weak  saline  toHi^anJ 
ifl  very  soluble  in  wat«>r.f 

52.  iiivituilt  of  polaith.  'Iliis  hkU  cry)<it«lli/<-'i  in  Etriittrd 
prititnti  or  ^mins.  It  lias  an  acicl  UuAVj  smA  is  difwolved  wi^ 
difficulty  ill  water.J 

5.1.  Pifwliirtnili  of  poUu/i.  U  cr)-stalUze!i  in  plotM,  M- 
que«ci^  ill  tliv  liir,  uihI  <ii>^olvfi4  in  alivilioL 

Tlicrc  sct-ma  from  tho  oxpvrinuriils  of  Fourcroy  and  Viu- 
quelin  to  be  no  bipttrolarirrUe  t^fftotaxk. 

54.  Citrate  i^'potanh.  This  mlt  may  be  formed  by  diw^*^- 
in^  carbonate  of  potasb  iu  citric  acid,  and  evaporating  tltowln- 
cion  to  tlie  requiftjtc  con«i»tvnry.  It  is  very  M>luble  in  wax*: 
docH  not  i^yBtullize  easily ;  and  readily  dcliqucMjM  wbtt 
exposed  to  tht  air. 

55.  Pyrocitraie  qfjiolash  cryBtaUizea  in  small  whitfl  needlot 
not  altered  by  exposure  to  tlie  iiir,  and  solnble  iu  about  Iv 
times  its  woigiit  of  water.  The  sohitiwi  doiw  not  prectpiOK 
nitrate  of  barytes  or  nitrate  of  silver,  while  citrate  of  pMiA 
throws  down  both  of  these  salts.§ 

56.  Malate  of  potash.  Doch  not  oryMallize,  detiqtiM(«<> 
and  is  soluble  in  »Icohi>i.|I 

-57.  /litna/eitn  of  potash.  'Iliin  sidt  crystalftw*.  Tile  cty*- 
talit  are  not  altered  by  expo«iire  to  the  air,  and  nrc  inwilubleii 
aloohol.f 

'  68.  Pyromatate  ofpotath.  Forms  fem-«haped  cryiitaU  wUdi 
deliqticwe  iii  (he  atmoxphere.** 

'69.  FNtttjaif.  tif potash.  l>oe4notvry«tA)lize,  dIssolrrarMidllT 
in  water,  but  i«  not  soluble  in  a]eoh«l.|f 

60,  Mntatt  i(f  potash.  It  forms  small  Ofyslalline  £'*■'''> 
very  little  soluble  in  water.tt  They  are  not  altered  by  esqwauK 
to  the  air,  and  do  not  dissolre  in  alcobol.^^ 

61.  Pyntmucalt.  if  pofnah.     It  crystallixeii  with  diHinil 
>  ■ 

•  Ann.  de  Chim.  Uii.  41.        f  Wulchner.  1  John  mkI  Walchn*' 

f  l^tuigne,  Ann.  de  Chim.  et  Ae  Vhf%.  x%i.  IM.    ^  BnKoiMiot. 

1  Donoran.  ■•Ltunigne.   f  f  firacoiuiot.     (I  Scfaede.  $$  TtoiBiD^d^, 
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tn  oonoeiilnttcd  it  coaercteff  on  cooling  iiila  n  ^nuiubr     s«*.u. 

t  wkieh  ttUnurtii  molMurfl  from  tiie  air,  and  whidi  Is  very 

Hk  in  waUr  wii)  ilUiuIioI.* 

L  UMaiHiitt  tff  fjoteuA.     It  <:ryatnllM<r<)  in  small  prisms, 

b  aWrb  moisture  from  die  nlin<M]>h(-re,  and  (lecrejiitnte         ■ 

}  heated  ■ 

L  Benzoate  of  potmA.     It  cryttHlliziM  in  rvatht^r-eliaped         H 

l^s.     It  has  a  tJiarp  8Hlino  Uistc,  is  very  soluble  in  waUr,         H 

ietiquMcefl  wlien  czpoxod  to  the  nir.  H 

k  Bibetiznatr  1^ poUish.     It  cry&laUiKcsin  small  pl&tesund         H 

pB^  wltidi  i«'(|uire  tvn  tim^s  tlieir  woigbt  of  cold  water  to         ^| 

h|  ibtnt'     It  reddens  Teg;etabl«  blues,  and  bas  an  8oi<i         H 

Bblisli  Ui&te.     When  lioated  to  rediitM  part  of  tb«  acid         H 

|Dn  wilhmit  r)on>mpn«(itioi),  but  pnrt  liiteriw  is  dCBtmycd. 

empyreumat-c  oil  is  funncnl,  and  somt.'  cliurcoal  remaiiit 

El  witJi  «wr{>onBte  of  p4rta£h,t  ', 

k  Crotomtie  of  poiask.     'I'bin  Rait  cryittallixes  in  nmll 

pBA.     It  has  a  lemon-yellow  colour,  nitd  bf-nsily  rrduc«d  to 

btrd«»p  yellow  powxlor.   Taste  BbnibiT  to  that  of  saltpetre. 

■no  mBclUanddo^snotalTectvegctEtblp  blues.  Wlit-n heated 

|lU  Inea  its  water  of  cryslalli^calion  coi)»idcrabty  ujidiT  ihe 

k»ntturc  of  212".    It^  constituents,  acu>rding  to  the  analyKia 

tfoU  (imelln,  to  whom  vc  ar«  indebted  for  the  discovery 
nit,  w« 
i'        I  atom  crooonic  aei<I  .  7*76 

|>         I  atom  pota«b  ...  6 

I         *J  atoms  water  .         .         .  2-'2& 
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Gatiate  (^  pottuh.     This  salt  u  said  to  be  colourkwt, 

rhen  I  Maturated  carbonate  of  potasli  with  g;alUc  acid  th« 

became  blatk  and  opaque.      When  evaporated  I  gota 

^matter,  which  amounted  very  nearly  to  the  otig;iDai  weif^ht 

b  jtotiikb  and  (ridlic  acid  employed. 

Y  Mtrotuilr.  ifpot<uJi.  Obliipie  four-sided  prUnw,  soluble 
fioe  their  weight  of  wubcr. 

i  JioUtate  of  i>ola*/i.  Not  easily  orysulUxed.  Eaaiiy 
Be  in  water,  difficultly  ia  alcoboLt  a. 

Il  CampAoralf-  <^p^ta»k.  'lliis  snic  crystallizes  in  small  nix- 
Lpriams*  Its  twte  is  slightly  sullioh,  biiternh,  and  aro- 
L     When  exposed  to  the  air  it  becomes  opuquv.     When 

IduIud  LabillnrJiere.  t  Bixlioli,  Ann.  da  Cliim.  Ixutr.  81 1. 

Bnoooacii. 
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heated  it  ttmn  hi  its  n'^tor  of  cryBtallRfition  and  hi?comc«  \nnwa' 
isli.  It  ditwolveA  in  100  tiiTM-Klis  weight  of  cold  and  in  4uin«M 
its  weifjht  of  bniling  water.  It  is  suliiMr  in  ali-ohol,  tmd  thp 
solution  Uunis  with  n  il<-op  blut?  flamp.  When  «xpo«rd  to  a 
moist  air,  it  loses  a  Mttlc  of  its  tmns|>ar«nc)- ;  Imt  in  dry  air  fl 
Kuffors  no  cliango.  When  expom-il  to  Im")!!  it  niolt«,  Avrclts,  niid 
tlie  acid  is  valntilizcd  in  »  thick  KmnlM*,  wKicli  Itns  nn  nrotnulr 
odour.  Ht-forc  tlie  lilow-ptpe  it  bums  wiili  a  blue  flame,  ttni 
the  potash  remains  brhiiu)  in  a  state  of  purity.* 
'70.  Sttberate  of  potash.  This  salt  ongkt  to  he  fonned  br 
Bibans  of  crj-stalli/ed  carbonate  of  potash.  It  crytaliixii  ii 
p^AitnLS  liiiving  four  unequal  siilen.  It  hann  bitter  !inltislitsN>, 
mid  Is  qtiitr  ncutnd.  Tt  is  very  soluble  in  w»ter.  Heat  melH 
it.  and  at  last  volatilizes  the  ue{d.t  Brandc*  found  it  very^ 
ficuU  to  obtain  it  >n  re^uliir  erystnla. 

71.  Stenrate  of  potmh.  To  form  this  «d]i  we  mnxt  l>c«t  in 
a  jjlaM  capsule  2  part*  of  itcaric  acid  with  •*  pnris  of  poinfc 
pre|iari'd  hy  alcohol.  When  the  mmhination  lias  Inkeit  |*«f 
the  vessel  is  removed  from  (he  fire.  On  cooling  the  ftcinir 
of  potanh  sepamtes  from  the  liquid  which  retains  only  ibe  eicWi 
of  potas3i.  Wrap  it  up  In  blotting  paper,  and  «ali)ect  it  lu 
pres-oure.  Ilieii  ditiHolveii  hylicat  in  1 H  or  20  times  it*  irrf|K 
of  iJculiol  of  the  spwific  {gravity  0-621.  When  tlie  solulin 
oooU  tlie  salt  is  deposited  in  crystals.  Let  it  bethrown  «)■ 
filter  eontiiining  no  lime,  aiid  washed  with  cold  alcohol.  Kit 
in  staiies  which  liiive  a  {{teat  Heal  of  briUiiincy.  and  are  if^ 
dcftfitiito  of  colour.  100  -part*  of  hoiltng  alcohol  of  thi-  xpfciAc 
gnivily  0'794  di^olve  15  ports  of  lliis  *iilt.  Oiie  part  of  kit 
soluble  in  10  of  alcohol  oF  the  specific  gravity  0-821.  'nicsi**- 
tion  becomes  muddy  at  131°.  and  at  KM)"  the  whole  b<-«)m« 
solid.  .\t  50<-  100pBrtsofthei«mealcnholdi!t>idveoidyQ-4S 
of  the  NtJL  Kthi-r  di.tsolveit  it  in  Mnall  quantity,  liut  ttllb' 
•ame  lime  dwonipiwcs  it  at  iea»l  partiidly. 

At  the  usiuil  temjH-mture  »f  the  air  1  |nrt  of  the  aalt  foi» 
an  opaque  mucilage  with  ten  piirts  of  water.  At  210°  lb 
mucilage  is  completely  dissolved.  One  part  of  steanile  diMMiltM 
in  2i  parts  of  boiling  water,  llie  solution  continues  at  li' 
temperature  of  107°  and  die  liquid  nuiybe  fillerctL  Oiieool- 
in^  it  a<wumes  the  form  of  »  viscid  jolly.  Thi^  suit  does  M> 
nbNorb  oxy^ia  gii/(4 
V-72.  Itistearatti  of  poteuh.     To  obtain  this  salt  dissolre  om 

*  Ikiuilloii  Lngniitf^  AniL  dc  Clitni.  ixvii.  St. 

t  Alio,  ill-  Cliira.  xxlil.  £8.        }  Clievreiil  sur  Im  ooqis  gtaa,  p.  38. 


BU)Miifeof|K>biftli  ill  a  suRicR'nt  quantity  of  tmiliugwatcrt 
<UT  ihv  solutiun  into  1000  purb  of  void  wimt.  A  prer 
I  of  biiiicanito  of  potiiiti  faUs  down,  C«]k><-t  it  on  a  filU-'r> 
jb in  die  opon  air,  aod  thiiit  dissolve  it  in  alcoliol.  Wbcit 
raon  cools  the  bLstearate  is  ol»Uuued  in  cr^'stals. 
twit  luM  lh<!  form  of  snKill  ni.-i-dk-»  witliai^tlvery  lustre; 
ao  stncU  iind  h  soft  to  ihr  toudi.     It  in  scarcely  solulile 

watvr.  Wlii-n  I  purt  is  buili-d  in  lOOU  pum  of  vraler 
iquc  viscid  liquid  is  obtuiiied,  wliicli  lets  £d]  a  quiintity 
wp  as  the  liquid  cools.  In  this  case  a  portion  of  stcuralc 
lircl,  and  a  jmriion  hold  simply  in  .sitspen^on.  Boilini^ 
leouDigiuMtit  tlivt  »ult,  depriving  it  of  u  portion  of  its  buse. 
LBtaumtc  is  #lit£l)lly  solnl'lc  in  clhcr,  luid  IIk-  .tuliuion  in 
tat£il  by  (lie  addition  of  U^ter.  Ellicr  deprives  il  of  hulf 
,  and  converts  it  into  gtearate.* 

Mtyiii  iifi  (ffpoUmk,  To  form  tlii;;  wilt  1  (tart  of  inar- 
ktd:«)d  I  jMirt  of  iiydnitc  of  potash  dissolved  in  fivo  purtK 
iffarelimtcdtu)|CctiuT.  On  leaving  the  Rii.iturout rest  the 
ate  of  pota&Ii  separutes  liom  the  water,  lioldui^  the  excess 
i  in  •oluiioii  in  a  Huniitran^prLrcnt  jelly.  Let  it  W  pressed 
A  Uie  foidt  of  t>li>ttiuj{  {taper,  tltun  dissolved  lu  b  parts 
Eag  lidcuhol  of  tin-  »))ecific  gravity  0'd37,  iiitered,  evapo- 
0  dryu«8«,and  the  suliitcroiduo dried  intht  tcmpcratare 
*.  Tims  prepared  il  is  softer  tlian  'sti-arnte  of  potanli. 
trt  of  it  exposed  for  seven  days  to  air,  loaded  with  vapour, 
•  0'65  of  wuter,  »ii<l  1>ecoiues  covered  with  dropn.     One 

W  vourvrLt  lO  [wirln  of  water  into  a  tnn<vhicent  jelly, 
•tlus  jelly  is  hcaU-d  to  1^8°  the  mur^riite  is  qnilc  dts- 
■  It  t>e|^is  to  make  its  nppoamncc  again  at  14U^,  i>ut 
FOO*'  it  tloes  not  assume  immediately  the  appearance  of 
jolly.  It  M  insoluble  in  ouhl,  hut  dLt&olve»  in  hot  alco- 
Itu  (tiwlublc  in  vtlior.f  i  ,i,  .  i 
Bimarrjiiralc  tif/iobuft.  HiIk  Halt  i»obtnui«l  by  treating 
ate  of  potash  in  the  name  u'uy  iu  w«t*  <]esi'ribed  when 
jf  of  the  formation  of  bistearutc  of  potash.  The  suit  is 
k1  in  small  needles,  which  ar«  destitute  of  the  silvery 
tliat  cluitacbetise*  bisle:irat«.  Cold  water  clu))rivt'«  it  of 
kikali.  I  (H)  parts  of  ukohul  of  the  s|)ecifi(-  i;ravily  0-iVH 
U&i-'-y'  of  tlua  salt  at  lyi";  but  at  m"  the  siuiic  quan- 
■kobol  dissolves  only  0*31  of  tlie  salt.] 

^utite  t^  polanh.     Tliis  nit  n'fk'inlde.-*  voinmoii  soap 

t  UHd.  Ik  i»3.      t  Ibid,  p-  <H. 
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in  lis  iippmrenop.     It  is  soluble  in  water  and  alcohol. 
ctdcareouH  salts  dcoompose  it,  as  do«a  also  common  m^C* 

76.  Oleatf.  of  potaxA.     'Hii*  wilt  fat  prepared  by  «  iiroM*! 
similar  to  tlint  alrcitdy  HlatPil  when  ilpscrilrinir  Mcarate  anil  imii^l 
gatatc  of  potash.     One  pan  of  oleic  arid  is  bcali'^  vriih  ontf 
part  of  hydrate  of  potafh  di»)tiolvcd  in  lire  parts  of  wiitc r.     Ths 
olcatv  when  farmed  is  scpnintcd  from  tlie  H'aier,  pressed  between 
folds  of  l)lottin^  papCTj  and  then  dissolrcd  in  ln*twoen  lOtnl 
15  times  its  weight  of  alcohol,  of  the  specific  grn^-ity  0*31. 
B;f  eraporating  the  alcoholic  solution,  we  obtain  the  olc«teiii 
a  titat«  of  purity. 

Tbiis  obtained  It  ia  a  white  powder  deftlitute  nf  smell,  bt 
having  a  bitter  alkaline  tnste.  One  port  of  it  makes  a  tii>it> 
pawat  jelly  with  two  parts  of  water.  A  erreac  quantity  *i 
mter  partially  decompose*  it.  At  122"  aleoliol  of  tke  »|ienfa 
gravity  0*821  dissolves  its  own  weight  of  it.  The  solatkB 
heoomes  mud<ly  at  105",  and  at  58"  the  wliolc  becnnea  aalid. 
Two  iKirtM  of  tlie  same  alcohol  dittsolre  I  part  of  tii<!  nit  «ui 
retain  it  in  solution  at  &:j°.  When  it  tsset aside  for«om»liM 
crystals  of  oleate  of  pokuih  arc  ilcposite<l.  100  parlK  of  boBiuf 
ether  dissolve  .1-43  purt*i  of  this  salt  The  solution  teimi» 
permanent  nt  &^^  llils  salt  is  insoluble  in  potaslt  lcy,anrfb> 
a  concentrated  soltitioii  of  chloride  of  potassium.  It  is  i 
posed  by  the  earthy  and  metalline  salts  in  general.f 


ynntHH 
nterii«1 


77.  Binofeale  of  polath.  Wh<Ti  l0.1-.'>  jwirls  of  h 
oleic  acid,  9-21  i>aits  of  real  poblsb,  and  4<K)  )iarlA  of  watemt ' 
d%ested  together  In  a  modrnite  heat,  w«  obmin'  n  jftelatiiiiM 
tnaits  which  mny  ho  mixed  with  1000  psrts  of  wat»r,  withMri 
aolutioii  or  sepnration  of  oleic  acid.  In  this  stale  the  sail  tet 
binoleate  of  potaKh.  It  i^  soluble  in  akoliol,  and  th(*  aolatiea 
strongly  reddens  vegetable  bluc«.{ 

7rt.  Phocfnettf  »/  jnttaifh.  This  salt  Is  obtained  by  putting 
phocmic  acid  in  e:i;cess  with  a  solution  of  potaah  or  cartMHUte 
of^rotash.  On  cvaporationlbeexcossofacidsepaiates,  'HwMlI 
basa  sharp  and  somenlmt  alhaline  taste,  leaving  a  sweet  irapn^ 
sion  like  that  of  phoceiitc  arid.  It  is  exceeding'ly  deliqt: 
At  litr  ti-mperattrrc  of  6eP  100  parts  of  nioohol  of  th«  : 
gravity  0-7&!i  dissolve  '.IA-6  jiarts  of  this  salt,  and  prob 
greater  quaiitiiy.J 

70.  Jiidi/rfitf  i^'potanh.    This  salt  is  obrainMl  by  ni>utm)iiu^ 
potash  or  its  carbonate  with  butyric  acid  dissolved  !n  water' 

■  Buisj-  uiiil  I.ccanii,  Jour,  dc  fiiorni.  xiji.  M. 

t  Clli«tT«ul,  our  Ic*  cotpt  ^*,  \i.  Ai.      I  Ifaiii  pt  87.      $  IbwL  |k 
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flUltes  CMifuscdly  in  muslrnxun  or  caaliSowerlike  masiies 
■penUiTC  of  l>ctvre«i)  77°  luid  &/&".  lis  latite  u  sweelisb, 
Isiell  MiDiilar  to  that  of  butler.  It  i»  very  doluiuetcvii t,Biul 
ItililoiiiH-ulor.  At60°  lllOn-ati-rditsulvol'i^of thUxiilL*' 
'aj/rtialf  'ifpitfanh.  Obtained  by  tipuEiulizing  carboikata 
witli  caproic  acifl,  and  leaving  tb«  solution  to  spoil- 
raliou.  It  is  a  Iranj^parent  jelly,  wUicU,  wlieii 
iCH  the  a|>))i>aniiic«  of  aii  eiiJUueUf 
Vrmto  t^pulatb  a  a  dcUqutwccut  salt.) 
'roloiHUt  (ffpoituJi  cryBtallizf 8  id  rliombuidid  f>n)tms  aiid 

which  are  not  ullered  l>y  eX))0(iuri>  to  the  iur,  and  which 
bt'WtlJi  ditfieiilt)-  in  ulcuhol  of  the  sjiedtk  gravity  0-65.§ 
abitlmtUg  tif  ftotnuA  k  ii  very  soluble  Mdt  iiblaliied  by 
ling  cariwpatc  of  potash  with  umbrotc  acid.  .  ,•' 

Itij'ambrrate  »f  jnAnUi,  This  salt  is  formod  by  adding 
.aolution  of  the  acid  in  alcohol,  nn  aqueous  aolutiou  of 
Iw  lung  as  f1ook>i  continue  to  (>r«cipitat«.  W'hen  tin 
M  Jkniicr  diliili^  witli  water,  tttul  not  a«i<)i?,  inoru  uf  the 
tarcahi  filLs  down.  This  aalt  is  insoluble  iu  water,  liut  it 
k  in  mloohol,  aod  reddens  litmus  paper.|| 
■MM'smril  ofpottuh.  A  bi'owiiUli  yellow  nULlt4T  whicli 
■  fltyHlallice,  il  very  deli<jiut>«?ent.  and  is  insoluble  in 
t  luid  etlier.  Quitv  diffttrcat  ftom  soap.1| 
£iltvUe  i^potaah  duos  not  crystalltxe.  It  U  tnuisparent 
Polvtw  in  boiling  nn)ihiha.  from  wliich  it  is  <lopti!'iu-d  cm 
If,  in  th«  KlAt^  uf  n  j«lly.  When  tArongly  heatod  it  is 
posetl,  and  fornw  a  (Wk  browu  fus^xl  mass,  whieh  is  a 
luul  of  n«in  and  putiHh,  soluhk-  in  water,4in(l  uciilx  throw 
&0(n  thu  solution  n  dark  brown  powder.** 

BitilvfUc  tif'  potash.     Tliii  salt  resembles  bistcarutc  of 

a  good  deal  in  iu  appeantnee.  It  may  be  fonaed  by 
lag  silvid  acid  in  «ix  timir>  its  weight  of  absolute  alcohol, 
lUing  tbe  Holulion  for  u  quarter  of  an  hour  overall  i-xcvM 
HmdbU  of  potush.  Filter  the  liqiud,  a»d  wt  it  asido  to 
^1>e  htMilvHlc  is  depwitod  in  very  Bne  needles.  It  is 
fe  woolly  like.  When  heated  it  molls  like  a  resin,  an<l 
liMt  be  inereaKd  it  is  decomposed,  rarboiiate  of  potash 
ig  behind.     It  is  scarcely  soluble  in  water,  but  it  dis- 
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t«TOii,Mrl*)tonMgnw,p.  IM.     fniid.p.  141. 
ptiMT.  Rqtotonuni  fur  ilte  I'liarniacie.  tit.  isa. 
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o^  >•  solves  in  20  tuaea  its  weight  of  cold  akohi^  aiid  is  rtiU  more 
soLubLe  at  a  boiling  heat.  Its  solability  in  n^^thk  and  idire 
oil  ia  nearly  the  same.  It  is  sdU  more  soluble  in  ether  aad  in 
oil  of  turpentine.  It  diasolvea  readily  in  a  dihtted  alkaline  jej, 
and  ia  converted  into  neutral  silvate.* 

88.  Pinate  (/potash.  To  obtain  this  salt  boil  for  a&v 
minutes  a  solution  of  pinio  acid  in  ethers  orer  carbaBate.af 
potash,  lilter  the  solution  and  eTa]>orate.  The  salt  thna  obtatiwd 
looks  like  a  resin;  but  it  gradually  dissolrea  when  bmledHi 
water.  Most  of  the  neutral  salts  throw  it  down  from  tt*«^ 
tioa  in  water  in  a  white  state,  and  of  the  consisteBce  of  bf. 
In  this  slate  it  is  a  hydrate.f 

89.  Carbazotate  ^ potaah.  This  salt  cryMallisea  ia,l«f 
four-sided  prisms,  translucent^  and  iMving  a  yellow  celoiirud 
a  great  d^  of  brilliancy.  At  60°  it  dissolres  in  S60  .tiwi 
its  weight  of  water,  but  is  much  more  soluble  Laboiliagmlsr* 
A  saturated  boiling  solution  solidifies,  on  cooling,  into  «  nw 
composed  of  needles  interlaced  with  each  other.  When-oij^ 
tallized  from  a  less  concentrated  solution,  the  crystals  ap]K>i 
by  reflected  light,  sometimes  red  and  sometimes  green.-.  Tlc 
strong  acids  decompose  this  salt,  yet  when  carbazotioaKidb 
dropt  into  a  solution  of  saltpetre,  carbazotate  of  potash  u  pt- 
dually  deposited  in  crystals. 

This  salt  is  insoluble  in  alcohol.  When  the  salt  is  hesM 
ill  a  glass  tube  it  melts,  and  soon  after  is  decomposed  with  H 
explosion,  shattering  the  glass  to  pieces.  It  contains  so  «b(k 
of  crystallization,  but  is  a  compound  of 

Carbazotic  acid        .         .         31 
Potash  ...  6 

90.  Indigotate  of  potanh.  This  salt  is  eauly  (Jitainad  b]r 
saturating  indigodc  acid  by  carbonate  of  potash,  evaporatiiigll 
dryness,  dissolving  in  hot  alcohol,  and  Altering  the  solutjm 
The  salt  crystallizes  as  the  liquid  cools.  The  salt  ia  yellovt 
very  soluble  in  water,  but  very  sparingly  in  cold  alcohoL  It 
contains  no  water  of  crystallization,  but  is  composed  oi 

1  atom  indigotic  acid         .         .         35 
1  atom  potash  ...  6 

41J 

•  Unverdorben,  Poggendorf' s  Annalen,  xi.  3D8.      f  ^^^-  P-  ^^ 
t  Uebig,  Ann.  de  Chim,  et  de  Ph)s.  sxxv.  81.      $  Bu£;itwLzli.i7S. 


a/ir  iffpotath.  A  white  powfier  nearly  similar  to  nric 
»l>pearance  anH  !UiliiI>ility.     It  is  soluble  in  potash  Icy. 

I't/mratf  of  putitsk,     A  »ol»l>U-  sallwliich  may  be  ob- 

In  crystals." 

Atjmriate  ^  jtola^i.  This  salt  does  not  crystallize,  it 
mcM  wlieit  left  exposed  to  tlie  air.  It  liiis  n  swi^t^tLdi 
■itli  El  flavour  of  beef  tea.  It  is  soluble  in  water.  When 
iito  llie  solution  of  sulphate  of  copper,  it  Mrikeit  a  beau- 
ty bine  colour,  wliile  with  perehloride  of  iron  it  gives  a 

red.     It  dues  not  precipitate  barytc.><,  lime,  nickel,  or 

or  nriar  emetic;  but  it  fornw  a  white  precipitate  when 
nto  (Mlations  of  acetate  of  lead,  nitrate  of  mercury,  and 

K'silrer.f 
itroMKx^orate  ijf  potash.    ?  «  tJi  of  #h<*P     tu 
Jtim'tmstlff/ntratc  ofjxttaa^.  J  * 

in  needles.  The  taste  is  cooling,  leaving  an  impression 
etnesa.  When  thrown  on  red-hot  coalo  ihey  dotouiite 
Itpctrc.}.  ■  ■  ..    . 

AUmtoate  of  potash  crystalli^CH  in  beautiful  trilky  needles. 
lives  in  about  15  times  iu  weis^lit  of  cold  water.  It  ia 
IKKied  by  tlic  mineral  acids  which  prcdpit;ite  tlie  alien- 
id  in  tiic  stfttc  of  a  fine  powdenj 

Hgdrocarbosuifihale  ufpotath.  This  salt  crystallizes  In 
pcdles,  or  constitutes  a  fibrous  mass  composed  of  similar 
».  It  has  a  peculiar  smell ;  its  taste  is  »  little  like  that 
»h«r,  but  very  irtron^.  It  is  not  altered  by  exposure  to 
i  and  is  ver)'  soluble  in  water  and  alcohol,  but  sparingly 
T.  Tb«  solution  precipitates  most  of  the  metalline  sall«, 
t  the  suits  of  burytcs  and  lime.  When  held  to  the  flame 
uidic  it  catches  fire  and  burns,  tiirowing  about  a  great 
p  of  brilliant  sparks.  Ji 

Sv^tO'Vinfilf  n/potash. '  This  rait  crystalH/cs  in  glltter- 
le*.  somewhnt  like  bomcic  acid.  It  luis  u  swet'ttsh  tui>it«, 
tetnble  in  water,  imd  mclt«  when  gfcntly  heated.  When 
to  reiliiess  in  n  platinum  crucible  it  bums  with  flaintf, 
ite  of  potash  being  left  behind.^ 
Sniphvttaphthalate  of  potath.     It  forms  transparent  or 
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i^gaa,  ibid,  xriii.  SOK. 

It,  Aniinls  of  I'liilotopti;  (2<l  HOrics),  ir.  841, 

lit,  Ann.  de  Chim,  rt  dc  Phvi.  xiii.  66  j  and  Vogd,  OUbert'* 
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vUu  pearly  cryatals,  vHitdi  are  soft,  alq;iit]y  fntfe^c,  Ara 
aller«(  by  expMure  (o  tlte  air,  and  luive  a  l>itt^  and  ntiiie  bMr. 
'Ittey  are  oot  n'ry  soluble  in  vnitt;T,  but  are  not  (lecoiii]>OH<l 
by  fireqnptK  »«luti'vtt«  ami  rry^titllixati'mH.  Wbvn  k«at«il  Iht 
•alt  bnnti  with  a  ■troiig  flame.     W'beii  heat«d  in  a  glaM  tubt 

It  U  dovOBtpom-d.* 

y It 'I'Ti     I'll  ■ 

^  KI^CTION  til SAI.T8  OF  SODA. 

■  In  gonvrnl  the  salts  of  soda  are  much  mom  soluble  in  mKi 
lliAji  the  RaltN  or  iHitoHh.  MiUty  of  the  rnlta  of  potash  rantiii 
no  wnter  of  <Tj'stalIi/jition,  but  mmt  of  tl»e  «!tit  of  soda  conlKn 
a  gT(^at  deal 

When  exposed  to  a  red  heat  they  tuiililly  «pe*dily  neltlnla 
B  liquid,  ill  consequence  of  tlie  pre**  quantity  of  water  whidi 
they  contain.  If  llie  )u*at  be  contiiitietl  the  water  isdrivcaw. 
and  tlie  nalt  converted  into  a  white  powder.  Whra  the  brA 
in  UTg;ed  fiirther,  if  the  acid  he  of  a  combiLstiblo  nadire.  it  if 
daffruyed;  if  it  ix^  rohitile,  it  in  driven  off;  but  if  it  l>e  filo). 
tlie  «alt  tnelt4  again  at  a  red  heat,  and  oonlinues  in  u  liquid 
State  as  long-  m  die  temperature  is  kept  up.  The  salt,  oa  cool- 
ing, in  in  the  Htut4!  of  an  opnq»c  white  mass,  and  is  nsuallyile*- 
titute  of  M-attT. 

No  precipitato  is  produoFd  ui  Holatioii  of  snibi  of  sodaliy 
tartaric  acid,  or  nitroniuriate  of  platinum ;  nor  does  ni^batt 
of  iiliinuiia  added  occhnIiki  the  formation  of  octaliednil  erym^ 
of  Ilium:  nor  is  any  prccipitiile  ]irodue<'d  by  infu<ion  of  nirt* 
gtdb  or  pruseiatc  of  potash,  cTccpl  when  the  basis  of  the  aal 
happens  to  be  a  metal. 

One  of  tlie  ea-iiest  methods  of  ascertaining  whetlier  the  ln« 

of  a  ^iven  salt  he  soda,  in  to  determine  the  ahnpe  of  (bc  erf^ 

'tals  which  it  forms.     If  it  doctt  not  vhoot  iiiU)  resfular  CTy*uls 

Bepanile  the  acid  by  means  of  Hulpbnrie  or  nitric  acid,  and  Ul 

the  new  formed  salt  crystallize.     Sulphate  or  nitrate  of  mk'M 

ore  ca«ily  recoKniwd  by  tlie  figure  of  their  crystals.  '  ' 

''     1.  Common  rul/y/uilf  of  gfttla.  'rhissidt  wa.-*  first  discovered  lijr 

Glauber,  a  German  clK-mivCand  for  ilial  reason  wan  l>>ni;l<iMnni 

by  the  name  of  GUitAxr's  mdL  He  himseli'  calla)  it  ntU  mirabilt- 

It  may  be  prepaieil  by  saturating  soda  wltlt  sulphuric  acid; 

but  it  is  more  usually  obtained  by  dt'conijioiiiiig  common  Wt 

in  ordor  to  procure  muriatic  acid.     It  cr\-slullizes  witli  grtil 

readine««.     TIu>  primary  cryslal  is  uji  oblique  rliombte  prism.] 

Tlic  base  of  the  priun  t»  inclined  to  the  kleral  faces  at  ud  aagt*] 

■  V^nOoy,  Annola  of  PliiloMiihy  («tl  xtit*),  ui.  W7. 
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of  101°  W,  and  tJio  two  contiguouH  lateral  faoos  ore  tncUned  >«t.iii. 
lo  eacli  otiior  at  an  nogle  of  80^  24'.  'I'lie  aoutc  lateral  wiges 
of  the  prisms  are  usually  teplMcd  by  Utnjrvjit  pliuietii  mukiiig 
tlie  pristi)  ux-^ed.  £)ouiutimi«  tbv  ubtui>e  latrral  cdgi-e  arc 
re|>liic«()  Ity  tu'o  faces  making  thv  prism  ciglit-toded.  'i1ic 
sidi-»  of  ilie  prl-uns  art  usually  dianucUed,  and  tJio  crystals  arc 
ulmoM  alv-uys  exceedingly  irreg^ular.  Its  specific  gravity, 
bccontii^  lo  WallmiDs  is  3-846;*  Dr.  Wat»on,  by  a  inetliud 
Ikot  msc^rilile  u(  much  preotuon  (oa  account  of  Um  rnuty 
•olubility  of  lliiit  Halt),  found  it  l-aso.f 

It«  tfutte  at  finit  has  wnie  resemblance  to  that  of  oonunoa  salt, 
but  s04)n  becomes  very  ili>u4rn-eiilily  bittt-T.  ItiO  partsof  wotorat 
t)>e  l«]ii|>erature  of  60"  ditwolvv  48*06  graiiw  of  ciyslollizcd  salt. 
W'lieri  hcftted  lo  rednetM  so  as  to  drive  olT  its  vt"jter  of  cT>'stal- 
liiuititMi,  iuut  then  pouudiil  in  a  iDortar,  it  dissolves  in  8-0  it-t 
weight  of  water  at  tW  t«iii|H!mt»rc  of  1 4404  WJien  cxj>oiie<] 
to  the  uir,  it  loecit  great  part  of  its  w<iter,  atid  ^s  into  a  white 
puwdvr.J  but  it  n  not  otliorwisc  altered.  It  loses  about  56  yjf/ 
otHt,  of  ilH  weigbL.ll 

Vben  e:cpoHed  to  heat,  it  first  undei^oes  the  teatery  fuaioR^^ 
tlteji  its  water  is  evaporated,  it  is  reduced  to  a  white  powder, 
anil  ill  a  red  heat  it  melt-s.  Mr.  Kirwaii  bat  observed,  that  [>art 
of  tii«  acid,  as  well  as  tbu  watvr,  iit  dnveu  off  by  tlie  applica- 
tion of  n  »tn)ng  beat.  *  * 

Gay-Lussac  luis  discovered  that  water  of  ihe  temperature  of 
01"  dissolves  a  iiuucinium  of  anhydrous  sidphatc  of  soda.  At 
that  temperature,  100  paria  of  water  dissolve  50*65  parts  of 
tlie  ludt  'Dio  iKoliibilily  dimiiiislieit  a  little  as  the  temperaturo 
incrcaM-it,  and  J  00  ports  of  water  at  tlie  boiling  tvmpenituro 
dinolvc  oidy  4t2-65  parts  of  tlie  salt.  The  solubility  diminisliea 
at  a  still  greater  rate,  ua  tlie  icmperalure  iiinltit,  so  tliat  100 
patta  of  water  at  llie  freezing  |>oint  dltaolve  only  .7*02  part*  of 
the  anhydrouA  klIu  'Hh^  fi)liowiiig  udilu  exhibits  tliu  residia 
of  Ciuy-I.UNUu:'^  experiments  on  tlic  Holubility  of  tlitf  salt  both 
otihydrous  luid  crystalliicd.  The  temperatures  are  marked 
aecordiug  to  the  centigrade  scalc.ff 

•  Wulltriii*'  ('h«min  Phynira.  2eB. 
>lt  CliMiikal  EuMvi,  r.  (S«.     IfounilihcipeciGcgravtlyuf  iheaoll  l'»407. 
kt  WcnstI,  p,  3M. 

,  f  SahmaiMM  whicli  MX  to  powder  in  Ihi*  uionnur  iirc  ssiil  W  ^0outet, 
I  Wui>«-I,  |>.  3I». 

y  Wlieii  «ub«isi)ccs,  oil  tli«  Hjiplicatlon  of  heat,  iiieh  by  mMiisoflho 
'  ihey  rontaiii,  ihcy  are  faid  10  uoitcrgu  thu  wniery  ruibn. 
trah  TrannctiMiA,  *■  ft  Anuals  d'  ItiJioBOfihy,  xv.  10. 
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SaltM  toMie  in  100  uwter. 


'DVpfUvn 

Anh^dmu. 

art^ 

O-OO" 

5-02 

1217 

11-67 

10-12 

26-88 

13-30 

11-74 

31-33 

17-91 

16-73 

48-28 

36-05 

28-11 

9»-48 

28-76 

87-35 

161-58 

80-75 

43-05 

215-77 

31-84 

47-37 

270-28^ 

82-73 

50-65 

322-18 

33-88 

50-04 

3)2-11 

'     4015 

46-78 

291-44 

45-04 

47-81 

S7fr9l 

50-40 

46*82         : 

362-36. 

60-79 

45-42 

70-61 

44-35 

84-es 

42-96 

...             'r 

103-17 

42-65 

:., 

Its  constituents  are 

1  atom  Bulph 

uric  add 

5       "■' 

1  atom  soda 

«        ■        ■ 

4 

10  atoms 

wate 

r           ... 

11-25 

20-25 

In  the  vacuum  of  an  air  pump  over  sulphuric  addf  it  Iwei  *U 
ita  water  in  a  few  hours. 

'    3.  Aahydrons  eulpkaie  oftoda.     When  a  saturated  BidutH^ 
of  sulphate  of  soda  at  a  txHling  temperature  is  coaoeatMitH 
crystals  of  sulphate  of  soda  are  gradually  formed,  in  whidb>lMF 
is'  no  water  of  crystallizaliDn.     These  crystata  are  tranapuM' 
or  translucent.     They  consist  of  octahedrons  composed  ofMP 
four-uded  pyramids  united  together  by  a  rhombic  bas&-    The 
angles  of  the  rhomb  are  dwut  75°  and  105",  and  the  indioi- 
tion  of  a  face  of  one  pyramid  to  the  correspondiag  bee  of  tlie 
other  pyramid  aboat  140",  measured  by  a  common  gemoac)titr. 
These  crystals  are  firm  and  soUd,  and  have  a  glassy  f^pevanai. 
Their  spediic  gravity  is  2-645.     100  parts  of  water,  at  Ae 
temperature  of  57°,  dissolve  10-58  parts  of  this  salL     When 
the    saturated    solution   is    set    aside,    crystals    of    commoa 
Glauber's  salt  are  formed.     When  heated  to  redness  the  salt 
undergoes  fusion,  and,  on  cooling,  concretes  into  a  foliated 
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i»«  mans,  exactly  its  happens  to  commoii  sulpliiile  of    ^**'"'- 
tc  circumstance!*.     The  cojtstitticnts  of  Has  suit  tire 

I  ntom  Aiilpliurie  Hokl         •         ■         d 

I  tttom  soda  ;         .         .         4        i 

■  9 

'  first  K)>ccimcns  of  thb  mit  which  I  ever  sav.  from 
A'il'soii  of  Hiirli"!,  Mr.  Hurvcy  iifterwanU  aicertained 
luno  §alt  in  foriiii'<l  wKmi  n  saturutcd  suhttion  of  glau- 
>  kept  ID  a  tempeniture  of  about  llZO"  in  k  stcne.* 
hydraled  siilpliatiofimda.  When51  jmrti  of  common 
<f  i-iimriiixi  .siiljiliule  uf  Aodn  are  di^olvoil  in  4t>  parts 
)( (he  temperature  150%  aiid  the  solution  is  put  iwide 
eorlu'd  pbiiil,  it  i«  woU  known  tliat  it  doea  not  crys- 
medintely.  Hut  In  tiro  or  tliree  days  pri^aMtk;  cry»- 
epositod,  wliicli  are  transparent,  and  have  the- form  of 
1  priiim  witli  diliedrxl  liummiLi.  On  taking  out  the 
iffiolo  wit  !>iiooLs  into  a  fibrous  masH,  from  which  ilie 
ireviously  formt-d  lire  ubtily  distinKuLdu-d,  hy  their  at 

ing  Bii  opacity  and  a  »now  white  colour.     'I'liofte 

much  harder  than  those  of  common  nulphattv  uf  »oi1a, 

»  co«i|>ou]td  of 

Ktikydrous  sulphate  of  soda         .         ..,,       9 
vi-atrr  '9 

\e.oftoda.  This  nit  may  be  obtained  hy  dis- 
Iphiiti-  of  vwlii  in  dihito  ^iiilphuriv  acid,  and  after  con- 
it  (Hilficientiy  wtlini^  it  aside.  Tbi;  binolpliRlt-  erj'*- 
oUi<)ue  four-sided  priiims  approOichiii^  tliv  tibupc  of 
i'he  crystalH  do  not  deliqiieece  when  exposed  to 
ut  whvii  hrft  upon  lilottiiiu^  paper,  the  paper  b«uun« 
«M>iftt  The  tjwie  of  the  wilt  i»  rcry  acid.  When 
hold  in  the  flame  ol'  a  cniidU-  il  melUt  like  a  pieoe 
Uquefieft  alao  at  300",  and  muy  be  kept  lon^  liquid 
ratnre  u-itbout  much  lofw  of  n-ei^bt.  It  imiy  be 
M  red  beut  without  li)n>in^  it^i  excvw  of  acid,  iw 
Bvity  is  l-SOO.  At  OO^  100  jwrts  of  w»t«r  dnsoUe 
to  of  this  salt ;  HO  that  it  iii  more  than  twice  iw  mduble 
b  of  soda.     ItH  constituent!)  are 

of  Phiiowphy  <2d  •wiwX^ii  «r.  '!'' 

r;  Poggendoif^  Annalm,  «].  eSiAmali  of  Phlloio|>fa]r  CM 
|0& 
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^^^  1  atom  hyposulpkuric  add  .  9 

1  atom  soda        ^         .         .  4 

3  atoms  water     .         .  S-SS 


15-25* 
10.  Nitrate  qfaoda.  This  salt  was  obtwned  at  first  by  Utt- 
tilling  a  mixture  of  common  salt  and  nitric  acid  in  a  retort, 
disBolring  the  residue  in  water,  and  evaptMattng'.  It  was  called 
oAic  nitre,  and  is  occasionally  mentioaed  by  the  Hiwintd 
writers  of  the  early  part  of  the  last  century;  but  it  was  Ibt- 
graff  who  first  analyzed  it,  pointed  out  the  method  of  proeinf 
it  in  a  state  of  purity,  and  described  its  properties  with  tteou- 
acy.f  His  experiments  were  afterwards  repeated  by  Dr.  Lewis4 
It  may  be  prepared  by  direct  solution,  or  by  mixing  oitaate 
of  lime  and  sulphate  of  soda  t'other,  filtering  the  M^itia^ 
and  evaporating.  The  crystals  are  transparent,  and  hare  a 
rhomboidal  form. 

The  figure  in  the  margin  reprcMiitl  iht 
3e  of  the  crystaL     The  following  art 
the  measurements  according  to  Mr.  Bniolu^l 
detennination.$ 
Pon  P         .  106°  30' 

P  on  P'        .         .  73  30 

This  salt  is  of  the  spediic  gravity  20694.]|  It  hn  a  cod 
sharp  taste,  and  is  somewhat  more  bitter  than  nitre.  Its  sola- 
Inlity,  as  determined  by  Marx,  is  as  follows : 

Temp.  Mt. 

31°,  100  parts  of  water  dissolve  63*1  parts. 

32  80 

50  22-7 

61  55 

246  218-6 

So  that  its  solubility  is  more  than  three  times  as  great  at  8S*i 
as  at  50°. 

As  it  attracts  moisture  when  exposed  to  the  air,  it  does  nol 
answer  for  the  manu&icture  of  gunpowder.  It  is  sometiiiK* 
used  in  fire  works,  because  it  communicates  a  fine  oiange 
colour  to  combustibles  while  burning.  It  contains  no  waleritf 
crystallization ;  but  usually  about  3  per  cent  of  water  mechan- 

*  PoggendorTH  Annolen,  vii,  77.  f  C^nuc  iL  331. 

X  Phil.  Com.  p.  642. 

§  Anmli  of  PhiioMph]'  (Sd  «erie«),  v.  4^8. 

I  HssaeaBvu,  Ann,  de  Cbim.  xxfiii.  18, 
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ically  lodj^  twtwven  tlie'pbte*  <n  ttie'crystab.     tt»  coanitu- 
tnte  arc  ' 

ITatom  nitric  acid       ■         .         6-75 
1  atum  Kwla        ...         4 
.    .  ■    .    '■^■'■'';". 

An  immonso  He|>'}isit«  of  it,  oxtrndiii^  fur  many  njileti,  is  said 
to  exist  in  the  desert  of  Atocamn  in  Peru.  Altempta  were 
made  some  years  ago  t«  introduce  it  into  commerce,  but  they 
(lid  nrtt  incceed.  It  might  l>e  used  with  advaiit^e  fvr  the 
<  re  tif  nitric  add.  and  probably  aUo  in  that  of  sotj 

11.  fTf/poniMte  of*nt{a  may  he  obtained  hy  the  wune  proisem 
Iiyponilrlli-  offtoritth.      It  has  scarcely  been  exninined. 

12,  Chlomtr  i>fKo»!a.     Mr.  Chcnevix  pjiist  be  cousidcred  a» 
firrt  chemist  who  published  a  descnjitUHi  of  thi«  «u)t;  for 

he  short  notice  of  Dolfiiz  and  CJaJoIin*  scarody  conveys  any 
precise  infonniillotl.  It  may  be  pr«>i<ared  l»y  the  wimi*  procesn 
as  chlorate  of  jiotash ;  but  it  U  dilUcult  to  ohtiun  it  pure,  a«  U 
h  nearly  as  soluble  in  water  as  murinle  of  Modn.  Mr.  CWtie- 
r\x  procured  a  little  of  it  pure  by  di.«Holving  the  mixtures  of 
muriate  and  chlorate  of  soda  in  alooliol,  and  cryKliilUziii^ 
Repeatedly.  Diit  tiie  vasie«t  miKle  of  preparing  U  it)  to  di»- 
Klve  carhonutr  of  80<la  in  cldorio  iicld.  It  does  not  cry&talUze 
dll  it  Iw  reduwd  nlmimt  to  a  *yriipy  C"nsi*tence.  Its  crystala 
are  Mjiiare  plures,  similar  to  tbo«C  of  chlorate  of  potash. f  Itti 
taste  it!  very  sharp  luid  cuolinj^.  Un  burniti)^  coals  it  melts 
into  globules,  and  producds  a  yellow  light.  According  to 
Vnuquetiii,  i>00  parts  of  dry  carbonate  of  soda  pnKluei>  1 100 
parta  of  cr^'atallijied  chlorate  of  ioda. 

W^en  distilli-d  It  give«  out  oxygen  gas  mixed  uHth  some 
blorine,  and  the  salt  which  it  leavcx  behind  has  alluUinc  pro- 
It  is  composed  of 

I  atom  chloric  aeiil  .         0'5 

I  atom  soda         ...        4 

Bromate  of  toda,  lu  appears  fl^om  the  experiments  gf 
lard,  crystallizes  in  prisms. 
1 4.  JodaU  of  soda.     'l*his  ssilt  is  prepiired  iti  the  same  way 

•  Ann.  iSe  CMm.  L  987. 

ding  lo  Miiclitrlicfa,  tboy  are  teUiliHrons  or  rhonitH  vcfj  link 

2o 
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t'"'-     as  iodate  of  potash.    It  is  depodted  m  smaU  graina  and  is 

anhydrous.     It  melts  when  heated  like  nitre,  and  gira  out 

oxygen  gas  and  leaves  an  iodide  of  sodium.     100  parts  oi 

water  at  about  58°  dissolve  7-3  of  this  salt    Its  constituents  aie 

1  atom  iodic  acid      .         .         20*75 

I  atom  soda      ...  4 


34-75 

15.  Di-wdale  of  soda.  This  salt  may  be  obtained  byue^ 
ing  the  preceding  with  the  requisite  proportion  of  canstic  lodi. 
It  is  more  soluble,  has  an  alludine  taste,  and  contains  a  great 
deal  of  water  of  crystallization.  It  is  not  altered  bjr  expoaim 
to  the  air.  When  heated  it  melts,  and  detonates  feebly  wiA 
burning  coals. 

16.  Carbonate  of  soda.  This  salt  has  been  also  very  long 
known.  It  is  usually  obtained  by  burning  and  lixiviatiDg 
marine  plants,  or  by  decomposing  common  salt.  In  commerce 
it  is  called  barilla  or  mda.  In  that  state,  however,  it  is  never 
perfectly  pure,  containing  always  a  mixture  of  earthy  bodies, 
and  usually  common  salt;  but  it  may  be  purified  by  disaolving 
it  in  a  small  portion  of  water,  filtrating  the  solution,  aad  era* 
porating  it  at  a  low  heat,  skimming  off  the  crystals  of  common 
salt  as  they  form  on  its  surface.* 

Of  late  years  prodigious  quantiti^i  of  carbonate  of  soda  ban 
been  manufactured  from  common  salt ;  the  price  has  bllen  ts 
less  than  one  third  of  what  it  was  formeriy,  and  it  is  gradual^ 
taking  the  place  of  potash  in  those  maiiutactures  that  reqdie 
an  alkali.  The  process  followed  in  this  country  is  to  convert 
common  salt  into  sulphate  of  soda  by  means  of  sulphuric  ackLf 
The  sulphate  of  soda  is  heated  with  sawdust  or  small  dross  of  pit 
coal,  by  which  it  is  converted  into  sulphuret  of  sodiom.  S«ue- 
times  the  sulphur  is  got  rid  of  by  means  of  time,  bat  moM 
commonly  by  roasting  the  sulphuret,  so  that  the  air  from  a 
coal  fire  passes  through  it.  The  sulphm-  is  gradually  dissipated, 
and  the  sodium  converted  into  tarbonate  of  soda.  The  matter 
thus  treated  is  dissolved  in  water  and  subjected  to  two  succes- 

*  See  a  detail  of  the  different  planta  from  which  thia  subatanee  ii  no- 
cured,  and  of  the  method  gf  procuring  them,  in  the  Ann.  de  Chiime,  ToL 
xlix.  !67. 

f  This  decomposition  takes  place  in  some  of  the  largest  maau&ctint* 
during  the  fonnation  of  bleaching  poutder,  bo  that  the  nilpbate  of  «oda  ii  at 
Bnt  mixed  with  sulphate  of  mat^cmeae.  'Hualast  saltisgolridof  b][fiiriBg 
the  whole  matter  in  a  furnace^ 


»ALTfl  OF  HODA, 


s'lve  cryMallitationA  in  open  iron  coolcn,  Uy  thU  |>rocC!M  beau- 
tiful cr)'staU  of  carbonate  of  sodii  are  oblainml.  They  m 
gciivnil  coiilnin  alMiit  ]i:ilf  u  per  cent,  of  siilpbatc  of  soda. 

Tlic  cryiilals  of  carboiiaM  of  soda  arc  very  Inrge^ 

bring  frequently  8  or  9  incbeti  loni;.     They  Imve 

Bsnally  the  form  repreeenieil  in  thi-  inar[;iii.     'I1ii'^ 

primary  foRn  wenu  tobean  oblique  rliombii-  prl^m. 

Tbe  apex  of  tliU  prtam  ia  not  visible  in  the  common 

Inyilal;  but  it  OMikea  iinpir*  of  108"  -13'  witb  tlie 

[IwM  of  die  prixm.      M,  ^f  the  nro  primary-  tacesu 

I  of  die  pri.in  meet  at  angles  of  78*  l!?.     The  fol- 

[towing  HIV  th«  meMiiremciils  of  the  iinglcs,  nceord- 

jliig  Ui  Mr.  Brooke."     lu  them  P  denotes  the  base 

['«f  tlie  primary  prism. 


CM,  III. 


P  on  M  or 

M'     . 

108"  43' 

P  on  c  or  c' 

120    52 

Ponb 

121    20 

Mon  M' 

76    12 

M  on  h 

128      6 

Moiik 

141    M 

e  on  ft' 

79    44 

c  on  k 

140      8 

I 


Its  taste  is  preinaely  the  oiune  witli  tliat  of  tke  carbonate  of 
potaali,  but  less  caustic.  Itx  specific  gmviiy  b  I-<1'20  by  my 
InBlft.  'Hie  sjiecific  gravity  of  a  saturated  solution  at  58°*23, 
1-07AI6.  lOU  gnint  of  iIiIh  solution  evatwrated  to  dryness 
left  7-I9  gniinft,  hen«>  at  die  tem|iernturu  of  ^S"  100  parte  of 
wster  dissolve  7-74  griilns  of  tlie  luiliyilrous  salt,  or  2ti-(>4  of 
the  crystnJtt.  It  dissolves  in  rather  less  than  its  weigh)  of 
boiling  water,  so  that  when  dissolved  in  boiling  n-nter  it 
cr^'Htallizes  as  the  solution  cools.  M'hen  expo«ed  to  the  air,  it 
rery  won  effloresces  and  falls  to  powder.  When  lu-iited,  it 
undergoes  the  watery  fusion :  indeed  the  soila  of  commerce 
somelimeM  contains  so  much  vrater  of  CTystnlliiatioii,  tluit,  when 
once  melti'd,  it  remains  permnnently  liquid.  If  the  heat  be 
eontinueil,  the  vrnU-t  grailuatly  eviiponiles,  and  (he  wilt  become* 
dry.  In  a  rod  hent  it  melts  into  a  transparent  liquid.  A  very 
riolent  hr«t  drivM  off  a  part  of  its  acid.  This  salt  melts  mth«r 
more  eusily  lliHii  carlionate  of  potash,  and  for  that  reason  it  is 
preferred  by  gtun  manufaeturers.     lis  constituents  are 


'  Annula  of  PbUcMophy  (Id  mtib*),  n.  «tl7. 
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"**'•      ■                    1  atom  carbonic  acid  .         .  2'75 

1  atom  soda        ...  4 

10  atoms  water     ,         .  11.25 


18 

17.  Profohydraled  carbonate  of  itnda.  This  salt  was  obtmned 
by  Mr.  Harvey.  It  crystallized inasaturatedsolutionofcoiii- 
mon  carbonate  of  soda  kept  for  a  long  time  in  a  temperature 
of  120^.  The  crystals  are  transparent,  and  consist  of  thin 
rectangular  prbms  terminated  at  either  extremity  by  a  bereUed 
summiL  Specific  gravity  2*262.  The  crystals  were  harder 
and  firmer  than  those  of  common  carbonate  of  soda.  Not 
altered  by  exposure  to  the  air.  These  crystals  contain  no 
other  impurity  than  a  trace  of  common  salt.  I  found  the  coih 
stituents  in  three  successive  analyses. 

Carbonic  acid    .  7-5 

Soda        .        .        .        9-412 
Water  .         .         2-93 


19-842 
Lo98  .         .  0-158 


20^)00 


This  is  equivalent  to 

n-188  carbonic  acid, 
4         soda, 

1-245  water,  including  a  little  muriatic  acid.  The  nil 
then  contains  a  slight  excess  of  carbonic  atnd ;  unless  we  are  to 
ascribe  this  excess  to  an  error  in  the  analysis.  The  constita- 
ents  are  obviously 

1  atom  carbonic  acid  .         2-75 

1  atom  soda      ...         4 
1  atom  water    .         .         ,         1-125 


7-876 
16.  Segguihpdrated  carbonate  of  soda.  This  salt  is  described 
in  P<^gendorf's  Annalen  by  Mohs,  under  the  name  of  pr»- 
matic  carbonate  of  soda.*  It  is  obtained  when  a  satuiwi 
solution  of  carbonate  of  soda  at  a  temperature  of  from  68*  ta 
86*  is  allowed  to  cooL  The  crystals  are  four-sided  bJ>lei, 
they  efRoresce  in  the  air,  but  much  more  slowly  than  common 

•  Tom.  vi.  p.  87. 


SALTS  OP  SODA. 


otuitc.     ItH  cMmpositioit,  acvunliiig  to  tbc  uiwlysis  of  Hai- 
tager  U 

Anhydrous  curboiiatv  of  nchIb    .         ^"26 
WiiUiT  .  1 7 -74 


IOU-00 

lib  ainouDts  to  about  1 J  ntom  wuter.     Dot  I  am  ratlier  dis- 
tl  to  cuHMidcr  tho  water  as  ainountiiig  at  fint  to  I  g  atom, 
would  make  the  cunMlituetitit 

1    atom  auliy<lrous  carbonate  6-75 

IJ  atom  water        .         .        .         ■•6B7& 


8-4375 
19.  OctcAydrated  carbofiale  (^  soda.  Tliis  suit  crystallisfd 
Mr.  'IViiniml's  C3trb»iial<!  of  smUi  ii*y«  during  tlu-  very  liot 
flUDuncr  iif  lt^J5.  It  cry^tidlistvs  iti  birgv  right  rectanguliir 
.prisms  ustiBlly  tvrmiitutt^'d  by  a  four-sided  pyramid.  Two 
|B|>po6ite  feces  of  lh«  prism  iinr  much  larger  tliati  the  otlicr  two. 
Tbe  same  reinaric  applies  to  the  pyramidfil  termiiiutitiii,  TIte 
ioeliiiutioii  of  tlic  small  fuvi**  of  the  pyramid  to  tho  ccirrospoitd- 
Wig  fiice  of  the  prism  is  about  1 15'*,  tliat  of  the-  large  faces  150". 
JOO  parts  of  water  at  60'  lUssolvi*  ea-S?  of  tlicse  crystal*. 
Vlieii  lieated,  the  salt  ]«irtly  liquefies,  but  not  completely. 
It  did  not  effloresce  in  my  lubonttoryt  wbicli  wiu  mtlier  dum)>. 
ts  spccilic  gravity  was  1-51.  Its  constituents  wvrc  found  on 
l]r»is  to  lie 

1  atom  carlmnic  add  .         ,         3*75 
1  atom  soda        ...         4 
6  atoms  wuter     ...         9 


15-75" 


20.  Sejiquicartiouale  of  soda,     Tbougli  tltis  saltoceurs  native 

Africa  iii  coiiftulerable  quantities,  it  was  not  distinguL-died 

from  the  aoda  of  commerce  till,  in  tS02,  KUiprolIi  publislinlaii 

^account  of  it  in  tJie  tliii<l  volume  of  Lis  woik^.j-     It  is  found 

tlie  province  of  Sukeiia  near  Fezaui,  and  is  called  tnua  by 

tte   iintive^.     It   is  crystalliiced  iu  bard  striated  masses,  not 

licred  by  e.tptiAure  to  the  air,  and  of  such  liardiiess  tJiat  the 

Walk  of  Cbmut,  .-V  fort  now  in  ruins,  ore  iiuitl  to  liave  l>eeii  built 

_«f  it.     It  may  be  formed  artiticiidiy  by  exposing  llie  eummun 

Boarbutuite  of  toda  to  an  atuio«plu-r«-  of  carbonic  aciti  ga». 


■  AuioLi  of  I'liitiXHipliy  (»i  Mriia),  x.  Ui, 
t  Beitrage,  iii.  S3. 
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ciw  I-  It  is  manuiBctured  in  London  for  the  soda  water  maken,  and 
is  usually  sold  in  the  state  of  a  white  powder;  but  I  hare 
crystallized  it  in  the  form  of  doubly  oblique  four-sided  prisms, 
with  angles  of  about  60°  and  120°.  Its  taste  is  alkaline,  but 
much  milder  than  common  carbonate.  Specific  gravity  1-980. 
Its  constituents,  as  determined  by  Mr.  Phillips,  are 
1^  atom  carbonic  add       .        4-135 

1  atom  soda    ...         4 

2  atoms  water  .         .         2^5 


10-375* 
21.  Bicarbonate  qfsoda.  This  salt  was  made  and  analysed 
many  years  ago  by  Rose,  and  afterwards  by  BertholleL  I 
obtained  it  with  ease  by  suspending  a  solution  of  common  aw 
bonate  of  soda  over  a  brewer's  fermenting  tun  during  the  fei^ 
mentation  of  beer.  It  crystallizes  in  obliqae  rectangular 
prisms.  The  taste  is  feebly  alkaline.  It  gives  a  purple  colour 
to  cudbear  paper,  and  restores  the  blue  colour  to  litmus  pspn* 
reddened  by  vinegar ;  but  its  alkaline  properties  are  very  wcnk. 
At  the  temperature  of  64°,  100  parts  of  water  disscdve  9-3S 
parts  of  this  salt.     Its  constituents  are 

2  atoms  carbonic  acid        ,         5-6 

1  atom  soda      ...         4 

1  atom  water    .         .         ,         1-126 


10-625t 

22.  Phosphate  of  soda.      This  salt  b  usually  prepared  by 

saturating  phosphoric  acid  (obtmned  from  burned  bones)  wiUi 

carbonate  of  soda  till  the  liquid  reacts  as  an  alkali,  and  set- 

^,  ting  the  concentrated  solution  aside  to  cryv 

tallize. 

The  crystals  are  oblique  rhombic  prismi 
with  angles  of  about  67*^  ftCf.  The  base  of  the 
prism  is  inclined  to  the  lateral  faces  at  an  aa^ 
of  106°  44'.  One  of  the  most  common  modifi- 
cations is  represented  in  the  mai^in.  Tlie  fol- 
lowing are  the  measurements  of  the  varioot 
angles,  as  determined  by  Mr.  Bro<^e.:( 
P  on  M  or  M'  .  .  106°  44' 
P  on  c  .         .         .         129   12 

Pon<7         .         .  112   87 

Ponh         .         .         .         121    14 


*  <^ianeriy  Joiiroal,  vii.  89C. 

t  Anmb  of  Pbilosoph;  (8d  «eries),  vi.  286. 


t  Fint  Principles,  iL  807. 


M  on  M'  .  .  .  67»  Off 
M  on  h  .  .  .  I'23  45 
M  on  A         .  .  146    15 

The  taste  of  tbia  salt  is  saline  anil  not  strong.  It  effli>rc»> 
crH  with  groat  rajiitruy  wWn  exposed  to  Uie  iilr,  becoming 
vliito  ami  0]>iu|m-,  hut  nui  losing  iu  ^lajie.  Wlu-n  liouted  it 
melts  in  itit  vnilrr  of  cr)-HtaIliution,  anil  after  tlic  wat«r  baa 
lieeii  (Irivi-n  off  llio  aiiby<lrnn»  salt  cusily  fnvtt«  when  licalcd 
lo  n-dntiM.  It  is  rrudily  iwliible  in  water.  tUOjuirtsol'^t'ater 
•1  tio'  diMolvi-  :26-77  pitrtM  of  iK-  «aii.  It  tins  no  effect  on  lil- 
1DU«,  but  renders  cudbear  puper  viuk'i.  Wbon  <lis8olved  in 
nmter  and  conceiitnited,  it  u  wry  apt  to  bo  deposited  in  Mlky 
icaloa  tvwnblii)g  tide  in  appatmncu,  but  tlie  coinpo^itidii  of 
dime  scales  is  exactly  tlio  Mune  as  tluit  of  tlic  rhoinboitbl  jirum. 
Jt  would  appear  from  this  that  it  is  enable  of  cryntallixJng 
under  two  distinct  forms.  It«  coDHtituents,  (Ut«rminvd  by  a 
very  careful  aniilynsi  are  us  follou's : 

1  atom  phosphoric  acid      .         4*5 
I  atom  soda      ...         4 
la  atoms  water .         .         .       14-625* 


■Mi.ni. 


23'12iS 

29.  OctiJtjfdraled  photphate  ofiioda,  Tliis  salt  was  obtained 
>y  Mr.  Clarke  by  ditwolving  t-oinninn  phospliate  of  soda  and 
rater,  and  cry&lullizing  it  in  a  calieo  printer's  stove  at  a  tein- 

peraiurc  of  90".  It  constitutes 
right  rhombic  prlunH,  meeting 
at  angles  of  abont  98*  and  82°. 
The  figure  in  tin*  miirffiti  repre- 
sents ibe  most  common  figure  of 
these  crystals,  ns  dclineate<l  by 
Mr.  Huidinger.  Thefoliowing 
mn  tbo  mouurcmcnta  of  the  angles.! 
a  on  fr  ,         ,         . 

<i  on  f  .         .         . 

e  on  6  .         . 

o  on  b  .        .         • 

a  oil  c         .        .        . 
g  ontf  (over  b)     .     .  . 
/on/ (over  i)      . 
fl  on/ 

■  I  obisincd  li-TT  wnur.     The  mrpluii  (CIM,  or  sbout  |th  Rtoin),wM 
ieabtkM  lodgKl  aiechnnicall;  belncen  llie  tiloira  of  tlie  crjvtaU. 
\  BrewsUf'a  Joiitnsl,  >-ii.  3\5. 
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134 
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128 
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116 

43 

117 

16 

78 

46 

94 

26 
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"**'■     This  salt  does  not  effloresce  when  exposed  to  the  ur. 
constituents,  as  determined  by  Mr.  Clarke,  are 

1  atom  anhydrous  phosphate  of  soda     .        6'5 


Ite 


8  atoms  water 


9 


17-5* 


24.  Pyropfiosphate  of  soda.     Mr.  Clarke  abserred,  that  if 
common  phosphate  of  soda  be  exposed  to  a  red  heat  so  M  ta 
expel  all  its  water  of  crystaUizadon,  and  then  rediaBolved  ix 
water,  and  crystallized,  the  crystals  have  quite  a  different  fonii 
and  the  salt  possesses  new  properties.     He  distinguisbed  the 
new  salt,  thus  formed,  by  the  name  ai pyropho»phata  t^toda.^ 
The  crystals  of  this  new  salt  are  small,  and  do  not  like  thoM 
of  common  phosphate,  effloresce  when  exposed  to  the  air ;  bitt 
remain  unaltered.     They  are  transparent,  hare  a  vitreous  lus- 
tre,  and   a  concboidal   fracture. 
The   shape  is  not  easily  detn^ 
mined.     The  figure  on  the  am- 
gin  represents  the  different  &cei^ 
as  determined  by  Mr.  Haidiager, 
who  has  made  the  foUowingme*- 
surements  of  the  inclination  of  the 
various  faces  to  each  other.f 
!11»48' 
118    22 
139    50 
.         .         119    36 
123    33 
103    24 
121    43 
107    30 
101    51 
The  characteristic  property  of  this  salt  is,  that  it  precipitatn 
nitrate  of  silver  white,  and  the  precipitate  is  a  neutral  phot* 
phate  of  silver ;  whereas  the  common  phosphate  of  soda  pre- 
cipitates nitrate  of  silver  yellow,  and  in  the  state  of  a  subsesqai- 
phosphate.     Stromeyer  lias  shown  that  the  pyrophosphoric  is  a 
weaker  acid  than  tic  common,  which  displaces  it.     By  the 
analysis  of  Mr.  Clarke,  this  pyrophosphate  of  soda  is  cmd- 
poscd  of 


aoa  b 

aon  e  (adjacent) 

6  on  e 

a  on  F 

a  ond 

a  on  c 

6on  P 

£  on  c 

b  on  d  (over  P) 


*  Brewster's  Journal,  vil  ji.  311.        +  Uiid.  p.  298.        t  IIbA  P-  31*- 
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n  atom  anhy^ijrous  |>b««))l)Htc  of  tioda         .         .  6*5         mm-Ul 

10  MOUB  water H'S6 


19-75* 

At.  Clarke  rndcnvoured  lo  show  that  the  difTerencc  between 
ammou  anil  pjrrophoApboric  uad  B,  ihat  the  common  retains 
ibout  half  an  atom  of  water  wlik-h  the  )>yro])h<>ti)>buric  acid 
raatB.  But  Strom^yer  hat  aIidwii  ihiit  liuth  may  be  miule 
abydrouii  withoui  aiiy  itltenitton  in  iln-ir  j)roi>trtic». 

25.  BifthiMphatt  of'  mda.  This  Milt  may  be  obtained  by 
iddiitg  plioAphoric  arid  to  a  SDlutioii  nf  phniphatc  of  »o<la  till 
be  liquid  oeauen  lo  precipiuilt?  ihluridt  uf  barium.  M'hi-ii 
ke  UquM  is  oonoentnitod  luid  set  aside,  it  )^<luully  dcpovites 
icyslals  of  biphospliate  of  tM>du.  It  is  very  soluble  in  water, 
IM  an  aci<l  tu»te,  and  reddens  vegetable  blues.  When  lieiitod 
t  lows  -its  u-ater  and  then  melts.  Miteherlich  found  thut  it 
lyBtalliifC  under  two  forms  it) compatible  with  each  other.  'I'be 
UMt  cotmnon  form  is  a  right  rhombic  jiriitm,  whose  faceit  are 
ndined  at  uiglea  of  \»'A'  ^V.  The  other  form  Ih  a  recUuigulnr 
■etabedron.  Tliere  in  alwayit  nii  »l)li<iue  prLim  inlerpoxed 
Wtireen  the  two  pyramids  of  the  octahedron,  the  liices  of  which 
Beet  at  angles  of  78'  OO'.f 
He  constituents  of  tliifi  salt  ore 

'2  itKiua  phosphoric  acid        .         .  0 

»1  atom  »oda  ....  4 

4  Moms  water      ....  4'5 

17-5 

36.  Phosphite  of  toda  is  very  soluble  in  water  and  in  abso- 
lute alcohol.  It  cry<iIaUtzes  witli  difficulty  in  rhomboids  ap- 
proadiing  the  mIhijr-  of  a  cube. 

37.  n^puphasfihilt  oJ'KVfla,  It  may  be  ubtaiued  by  decom- 
poaiiig  hypophwpliite  of  lime  by  carl>onate  uf  soda.  When 
eooeentniteil  in  the  vacuum  of  an  air-pump  over  sulphuric  acid 
It  crytrtallixes  in  four-sided  table*.     Hiey  have  a  pearly  lu»Ue, 

rd  arc  deliqucMM-'nt. 
28.  Ar»CHiair  i/soda.  'lltht  «dt  is  be»t  ohiaiucd  when  car- 
Ktoate  of  soda  is  adde<l  to  an  aqueous  KuUiliun  of  unenic  acid, 
[ill  the  liquid  acquires  decided  alkaline  qualilic-4.  When  this 
iftlutiun  is  brought  to  the  requisite  degree  of  coiicctitmtioii,  It 
BekLs  beautiful  crystals  of  araeniate  of  soda.     Tbey  are  JD 


•  Jtruwtittx's  Juumul,  |>.  !9». 

f  ^ix  Aim.  lit:  Cliiiu.  vt  de  I'byt.  six.  418. 
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oblique  rhombic  prLims,  liaviDg  precisely  tlie  HBtne  forra  » tlM] 
CT)it(uU  »f  phoAplmte  of  .loda,  an  was  finit  sliuwn  by  I'r 
Mi  teller  licit.*     Wlieii  expooed  to  a  dry  atrniMplii-ru  Uicy  Hpeeil>1 
ily  effioresce  and  become  white  on  the  surface,  but  do  tiot  lose 
their  aliape.     Tbc  taste  is  cooUog,  mid  rvncmbli**  tbut  of  car- 
bonale  of  »oda:  but  is  uot  «o  strong.     l')iv»c  crystuls  ruut 
Rliglitly  as  an  alludi.     Tlicir  itpectlic  ffruvity  is  1-759.     At  ilic 
temperature  of  45"  100  parts  of  wat<'r  dissolve  'J2*268  partoof 
tlit.')>e  crystals.     Tbey  arc  insolubU-  in  ulcobol,  but  the  Bur&ce 
of  a  crystal  put  into  that  liquid  beooues  o|iaque  on  tlie  tiurfBce 
being  deprived  of  its  water  of  crystallization.     Wlien  bi-aieii 
it  uiidcr^oM  the  watery  fiiMoii,  and  at  a  red  heat  the  wibtdruut 
aalt  undergoes  the  igiieuus  fiibicin.f      i'be  ron^lilticnts  uf  lliii 
salt,  accorJiiig  to  the  ajiulysis  of  Mitcbcrlieli,  are  as  foUom; 
1    atom  arsenic  acid         .         .  7*35 

1    atom  soda  ...  4 


12  J  atoms  water 


14-0625 


25.3125 
Uut  the  true  quantity  of  water  is  doubtless  cither  12  or  13 
atoms.     Probably   13,  from  tlie  analogy  of  pliospbate  of  wdi 
whieh  eonljiiii»  tbiit  quantity. { 

29.  (.ktiihi/thfiletl ammititt.  <^soda.  Tbissaltw&s  first  fomoi 
by  Dr.  INIarx  of  Itninswiok,  and  brought  fotwanl  by  biinto 
libow  tliat  the  arKciiiaU's  and  plio&phates  of  80<lii  liave  not 
the  same  crj'stalliite  form.  It  was  .lubjectvd  to  auiily«i«  by  !i[- 
L.  Omelio,  who  demonstrattHl  that  it  (!ilfer!i  from  the  precol- 
ing  arseniate,  in  containing  Irxa  water  of  cry»bdUzutiuii.}  I 
formed  it  in  1624,  and  subjected  it  to  analyius;  but  witboui 
attending  to  the  different  crystalline  fonn.!|  Mr.  Cbirke  oV 
itcrvfd  tin-  difference  between  tlie  crystalline  sba{>e  of  lb« 
two  iiTHoniatus,  and  on  analyzing  tfaem,  found  that  they  differs! 
ill  iLeir  proportions  of  water.^ 

The  sltape  of  the  cryHtatj)  of  this  salt  is  previwly  the  fiw 
us  tlmt  of  oc-tahydrated  phosphate  of  Aoda,  as  has  been  llcu^ 
mined  by  Mr.  Ilaidinger.     Indeed  the  two  talis  resemble  cadi 

•  Ann.  de  Chim.  et  de  Phy».  xi<.  387. 

+  AiiiihIs  of  l'liiloiOi{iby,  w.  US. 

J  In  lliG  unulyiria  of  thin  (oJt  which  I  have  gircn  in  tbo  Annals  of  Pb' 
lotOfihy,  XV.  Hi,  ie  ii  Dbvioua  thu  I  bad  iiudvcricullf  employed  tiiiisrunii'r 
intttad  uf  araBniute.  The  two  suits  were  Ijing  lidcby  siihtlomjiabcnMCTi 
and  I  had  taken  up  ihe  wrang  phial  by  m^tnkc. 

$  PoggendorTs  Aiinalra,  it.  1^7.  g  Fir*t  Principle,  K.  t73> 

1  BrciMtct'a  Jour.  vli.  300- 
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M>  closely,  that  a  minute  dc«criptio»  of  tlic  <ntc  wotilti 
i|))y  ]i<-rlecUy  to  the  other.     The  mnu)  of  two  analyses  of 
"this  <taJU  \>y  (imvlin,  (teivv 

Aiihydrgus  suit  .  .  56 

Water  ...  44 

100 
Tliis  Is  eqtLi<ral«iit  to 

AithytlroiH  salt        .         .         1 1*25 

W«t«r  .        .         .  8&4 

Hod  tlte  wotcr  smounted  to  0  in»t<'fl(l  of  8*64,  it  would  huva 

been  vxitctly  8  atoms.     Tbe  deiic-icncy  lunuuiite  toulwut  |Ut 

of  an  atom.     Hr.  Clark's  analytiis  gives  us 

Anhydrous  »alt         .         .         ll'SS 

Water  .         .         .  8-»*6 

which  may  b«  contudered  as  identical  wItJ)  tbe  analysis  of 

Gmclin.     There  caii  be  little  doubt  that  the  true  coiistitutioi) 

of  tlie  suit  is 

1  Mom  nnliydrous  aalt  .        1 1-25 

.  IBMOOI*  WBtCT  ...  9 


4M 


20-25 

00.  Binar*evifUe  (^  toda,  'Hiis  salt  may  be  formed  in  the 
SUDV  way  as  tbc  Itiithwpkatc  t^tuxbi.  It  exactly  retcjnbles  tlie 
second  kind  of  ci^tjialline  form  which  llisl  Mdt  iwMuiiivs,  and  its 
properties  so  nearly  resemble  ibosc  of  tluit  snll,  that  u  minute 
doMripdon  b  unnecesitary.     Its  constituents  are  uWtlie  same, 

iely. 

3  atoms  arsenic  acid    .         .  14*5 
I  atom  soda        ...  4 

4  atoms  water     .         •         .  4'6 

S3' 
31.  liibomie  (ffaoda  or  borax.  This  suit  i«  supposed  toliarc 
.  kiiinm  to  till?  ancients,  and  to  be  tite  substance  dtrtiomin- 
duysoooUa  by  Pliny.  At  any  rah-,  it  is  taention»l  by 
Gcb«r  as  early  as  the  serciitJi  century  under  the  name  of  horax. 
Its  coili|Kisition  was  first  pointed  out  l>y  GcoffVuy  in  XT-YZ,  mid 
by  Duron  iu  174^.  This  wll  is  brought  from  the  East  Indies 
in  an  impure  state,  under  tlie  name  of  tmAat,  enveloped  in  a 
kind  of  fatty  matter,  which  Viiuijiieliii  bits  ascertained  to  be  a 
soap  witli  soda  for  its  l>ase.     When  purilicd  in  l-'urope,  it  lakes 

•  Sm  Mitdicrtkb,  Aun.  Ac  L'iiioi.  vt  dc  Phyi.  six.  107. 
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'^'^  L  the  name  of  borax.  The  purification  was  formerly  perfonned 
by  the  Dutch,  and  of  late  by  the  British;  but  the  proceta 
which  they  follow  is  not  known,  Vabnont  Bomare  informs  at 
that  they  extract  60  part»  of  pure  borax  irom  100  parts  of 
tinkaL  The  operations  are  conducted  in  leaden  ressels,  and 
consist  chiefly  in  repeated  solutions,  fittratians,  and  crystallia- 
tions.  Vabnont  Bomare  suspects  that  they  employ  lime-water, 
and  Fourcroy  has  shown  that  this  might  be  usefiil  id  deoo^ 
posing  the  soap  in  which  crude  borax  is  enveloped.* 

Borax  thus  purified  may  be  obtained  crystallized  in  hexan- 
gular  or  octangular  prisms,  of  which  two  sides  are  much  braider 
than  the  remainder.  It  is  of  a  white  colour.  Its  specific  gi^ 
vity  is  1'740.-|-  It  converts  vegetable  blues  to  green.  Ill 
taste  is  sweedsh  and  alkaline. 

It  is  soluble,  according  to  Wallerius,  in  20  times  its  we^ 
of  water  of  the  temperature  of  60°,  and  six  times  its  we^ht  of 
boiling  water. 

When  exposed  to  the  air  it  effloresces  slowly  and  B%hlif. 
When  heated,  it  swells,  loses  about  four^tenths  of  its  weiglib 
becomes  ropy,  and  then  assumes  the  form  of  a  light  poroo, 
and  very  friable  mass,  known  by  the  name  of  caiciiud  bortui 
in  a  strong  heat  it  melts  into  a  transparent  glass  still  sokbk 
in  water. 

When  two  pieces  of  borax  are  struck  together  in  tbe  duk, 
a  flash  of  light  is  emitted.^ 

Borax  was  first  accurately  analyzed  by  Aifredson,  ItiM»- 
stituenta  are 

2  atoms  boracic  acid         .         .         6 
1  atom  soda  ...         4 

8  atoms  water         .        .        .        8 

19 
A  great  deal  of  borax  is  made  in  Great  Britain  from  boncK 
acid  imported  from  Tuscany. 

3i%  Octahedral  borax,  l^yen  has  observed  that  if  a  B^nttJ 
solution  of  borax  at  174°  be  slowly  cooled  down,  during  tk 
time  that  its  temperature  is  above  103°  it  depoutea  ciyttah 
which  have  tht  form  of  regular  octahedrons.  These  ctyiOh 
are  composed,  according  to  Payen,  of 

•  Fourcroy,  iii.  330. 

t  Kirwtm.    Wallerius  makes  it  1-720  (Chemistry,  p.  266) ;  Dr.  WHM 
I'757  (Essayg,  v.  67.)     1  found  it  1-760. 
t  Accum,  Nicholson's  Jour.  ii.  2B. 
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3  ntoinB  bomcie  acid 
I  atom  ftoda 

4  atoin§  n-ater 


6 

4 
4-5 

14-5' 


-IIL 


ft.  Stf-ihnraU  o/mda.  It  lias  betn  observed  by  Wcihh-I, 
more  lat«'ly  by  Omelin,  tbat  if  4  atomn  of  boracic  acid  b« 
^  to  a  Hotiilion  of  boran  voiitainiii);  2  atoms  ofiicid,  tlie 
Ition  whvn  cvn«-ntnit«d  yit^ldn  crystals  in  the  form  of  tables, 
tfi  have  a  ta»ie  like  saltpetre,  and  do  not  renct  as  an  atkali.f 
piym^  tills  rxpcriment  I  did  nut  (iiccccd  in  destroying  tlie 
line  properties  of  borax  even  aftor  adding  bonteic  ncid  in  a 
■greater  proportion  tlmn  that  jiut  stated. 
M.  SUitttle  (^soda.  This  mattx.T,  wliicli  postipsses  llift  same 
perties  as  silicate  of  potash,  is  obtained  when  2  parts  of 
p  and  5*135  of  hydrated  soda  are  fused  tOf(ether  in  a  pla- 
im  CTunble.  It  forms  a  transparent  cnlonrlewi  ^nn!<.  which 
luble  in  boiling  water,  and  even  ab»orl>s  moiMture  from  the 

'Sebniate  r^0oda.  This  salt  may  l>e  oblained  by  deton- 
together  seleninm  and  nitrate  of  »oda,  and  disnolvln^  the 
lue  in  water.  The  crystals  resemble  those  of  siiljilmli-  of 
k^  and  like  that  salt,  it  is  capable  of  uniting  with  various  doees 
irater,  and  thus  altering  the  shape  of  ita  crystals. 
I6>  Sdenite  o/*  noda  is  very  soluble  in  water,  and  has  the 
Ib  of  borax.  When  evaporated  to  a  syrup,  it  jields  small 
Midline  grains ;  but  cannot  be  made  to  crystallize  by  cool« 
•t  When  evaporated  to  drj'ness,  it  does  not  alter  in  llie  air, 
p  Inwlublc  in  alcohoL 

B.  Bisrimite  tfsotla  crystallizes  in  needles  when  the  solu- 
k  is  suSdently  concentrated.  It  does  not  clBorcstce  in  tlie 
I  but  when  hcut«d,  it  fir»t  lottCM  its  water  of  oystallixiition, 
I  then  melts  into  »  yellow  litpiiiL  On  cooling,  it  beei>meit 
Wlien  heated  to  rediietw,  one  lialf  of  llie  aciil  flies  <iff 
\  whit£  smoke,  and  ncutnil  .teleniate  remains, 

Quaterae/enitf  <if  toda,  wlien  exposed  to  spontaneoua 

ition,  cryslalliies  in  needles. 
9.  AMtiimm'iale  of«^<x.  7  jj^,,,  ^f  ,^^^^  ^^  ^^^  ,^l„l^,^  .„ 
|0.  AnUmomtt  nfnoda.     J 

f-r.     Tlieir  pro])erties  hare  not  been  farther  examined. 
I.  TtUurute  <^ toda.     Oxide  of  tellurium  dissolves  in  soda 
^  but  the  properties  of  the  salt  hu\e  not  been  exatoined. 
[poegenilori" I  Aiuislca,  nil.  VO,       f  JM-hwriggu's  Jountkl,  xv-  m. 


I 


[Poggenilorf' I  Aiuii 
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and  described  by  him  in  his  Memoir  od  bonx  ia  the  yeai 
1747.*  It  WS8  formeriy  known  by  the  absnrd  name  of  erj/i- 
taBized  Jbliated  earth.  It  b  usually  prepared  by  Batoratii^ 
acetic  acid  with  carbonate  of  soda,  and  evajioradn^  the  solution 
till  a  thin  pellicle  appears  on  its  sur&ce.  When  the  eoluticn 
is  allowed  to  cool,  the  acetat«  of  soda  crystallizes  in  striated 
prisms,  not  unlike  those  of  sulphate  of  soda.  It  has  a  dtaif 
taste,  approaching  to  bitter.  It  is  soluble  in  2*86  parts  of  wabt 
at  the  temperature  of  60° ,f  Its  specific  gravi^  ia  2-l.|  Itii 
a'  not  affected  by  exposure  to  the  air.    Whm 

heated,  it  first  loses  its  water  of  crystalli» 
tion,  in  a  strong  heat  it  melts,  and  in  a  al31 
stronger  its  acid  is  destroyed.  Ilie  ahspe 
of  the  crystals,  as  determined  by  Mr.  Brooby 
is  an  oblique  rhombic  prism.  The  figure 
in  the  margin  represents  the  crystal  widi 
all  its  modifications.  The  foUomog  at 
the  measurements  of  the  ang;les  by  }Si, 
Brooke.  § 


P  on  M  or  M'         . 

104°  25' 

Pon/            .         .         . 

186   nearly 

P  on  a 

103   95 

M  on  M' 

84   30 

M  on  A 

137    45 

M  on  A 

132    15 

M  on  1/  1 

156    54 

M  on  ^  2        .         . 

135   50 

Tlie  constituents  of  this  salt  by  my  analyus  are 
1  atom  acetic  add         .         ,  6*25 

1  atom  soda  ...  4 

6  atoms  water      .         .         .  6*75 


17 

51,  Lactate  of  soda.  This  salt  does  not  crystallize.  Itde* 
liquesces  in  the  air,  and  is  very  soluble  in  water  and  alcohol 

32.  Formate  ^ Koda.  This  salt  crystallizes  in  flat  fbur-ddtd 
prisms.  Its  taste  is  saltish  and  bitter.  Soluble  in  twice  ih 
weight  of  cold  wat«r.  When  heated  it  undergoes  the  watof 
fusion,  and  may  be  afterwards  reduced  by  heat  to  a  dry  pow- 
der.    Its  constituents,  as  determined  by  Giibel,  are 

*  Mem.  Scavans  Etrang.  i.  3S6.         f  Bergman,  t.  79. 
t  HasBenft-atz,  Ann.  de  Chim.  xxviit.  le. 
{  Annali  of  PhiloEOphy  (Sd  s^ea),  v).  39. 
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1  ntom  formic  acid 
1  utom  Mxln 
a  «totti)«  wnler 


4>68A 

4 
2-25 


scM-  II  r. 


I0-876" 

53.  Mf/late  of  toda.  Tlits  salt  crystEtllizos  in  fine  »ilky 
nrollefl,  of  which  it  Iiak  been  hithcito  im^iowiiblc  W  dctenniiie 
the  sLape.f 

54.  Tartrate  af  ttxin.  This  salt  cryHtallizcB  in  f(Hir-Mded 
prisma,  radier  oJ>li(]ui>,  and  usually  terminated  by  btbodnti  som- 
inits.  Or  it  nmy  Ik-  obtiiincd  in  6nc  Dc^cdlra.  It  is  dul  alton-d 
b)'  exposure  to  the  air,  but  when  ^ntly  hoat«d  fall»  to  [>owdi-r. 
Aceordinf;  to  Wpnsel  it  <li»(olvcs  in  ita  own  wdglit  of  eoUl 
■■ater.t  Hot  wutcr  dissolves  it  in  any  quantity.  It  is  iiisolu- 
hlv  in  ab»olutL-  alcohol.     Its  conHtlluent^),  by  my  auatysis,  arc 

^k  1  atom  tnrlnric  acid  B'35 

^^^B  I  Mom  soda  ...  4 

^^^L^      2  atoms  water  S-25 

f    36.  Bit 


U>6 


36.  Bitartrale  of  mda.  Hits  mtlt  i»  Conned  by  diswlving 
th*  preci-(liiij»  in  cigbt  limes  its  weight  of  boiling  water,  and 
aiUling  h:ilf  ihc  weight  of  tlie  salt  of  tartaric  uciil  to  the  wluliou. 
On  ouiccntratia^  the  liquid,  and  setting  it  aside,  smull  cryetali 
of  bitartrute  of  soda  are  ileposiled.  They  hax-c  usually  the  form 
of  six-silled  prismK,  two  of  the  angles  of  whicli  are  (occordiug 
to  Eckea)  of  140°,  two  of  lOl^j,  and  two  of  120°.  It  U  pro- 
bable from  thJ*  that  the  primary  fonn  ta  »  rifrlit  rhombic  prism, 
tha  facw  of  wlitdi  m<-ct  »t  angles  ty(  101" j  and  Iff'^.  But 
Bucbote  condders  it  as  a  rhombic  prism  with  angles  of  40**  140°. 
The  base  of  which  may  be  thus  rvpn-sciited. 

110" 


^Re  1 

H    *  Scli*tif;gcr>*  Jour,  xuii,  3U|  osd  Ocbleii's  Jour.  ii.  49.    GUt>en'* 
"^AoMlcn.  XV.  470. 

f  Wulilvr,  Poggcnilorf'*  ARiolen,  vU.  332.       t  Wcrvuidtttcliaft,!).  308. 

II.  2h 


lie  lines  i  k  and  g  A  represent  the  fiices  which  r«pliicc  the 


^ 
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edges  and  render  the  prism  six  or  dgfat-sded.  Tmbt  very 
Bour.  It  is  soluble  in  9  timea  its  weight  of  cold,  and  in  I'Sof 
boiling  water.  Insoluble  in  absolute  alcohol  Its  conadtsents, 
according  to  the  analysis  of  Rucholz,  are 

2  atoms  tartaric  acid         .         .         16*5 
X  atom  Boda  .         .         .  4 

3  atoms  water  .         .         .  3-375 


23-876* 

56.  Finate  of  soda.  Transparent  crystals  conaiMing  of  foar 
and  six-sided  prisms,  not  altered  by  exposure  to  the  air,  and 
whidi  lose  no  heat  when  exposed  to  tlie  temperature  c^  212*. 
Easily  soluble  in  water.  The  solution  undergoes  spmitaneoas 
decomposition.-}- 

57.  PyrsAartraU  of  goda.  Does  not  crystallize  regokriy.. 
Deliquesces  in  the  air4 

58.  Citrate  of  soda.  Tliis  salt  may  be  formed  by  the  tane 
process  as  the  tartrate  of  soda.  By  proper  evaporatian  it  is 
obtained  crystallized  in  six-sided  prisms,  not  terminated  \ty 
pyramids.  Its  taste  is  salt  and  cooling,  but  mild.  It  is  solu- 
ble in  If  parts  of  water.  When  exposed  to  the  air,  it  efflo- 
resces slightly.  When  heated,  it  melts,  swells,  bubbles  up, 
blackens,  and  is  decomposed. 

59.  Maliite  of  soda.  A  delitjuescent,  very  soluble,  incrys- 
lallizable  salt  The  bimalate  forms  permanent  crystals  st^nfalt 
in  water ;  but  insoluble  in  alcohoL^ 

60;,  Fungate  of  soda.  Does  not  crystallize.  Dissolves  eanlf 
in  water,  but  is  not  soluble  in  alcohol.  |j 

6 1 .  Mucale  of  soda.  Right  rectangular  prisms  with  squu* 
bases.  White  and  transparent,  tough,  taste  slightly  saline,  and 
like  that  of  phosphate  of  soda.  Not  very  soluble  in  water.  A 
very  moderate  heat  gives  it  a  brown  colour.  Its  constituenti, 
by  my  analysis,  are 

1  atom  mticic  acid         .         .         13 
1  atom  soda  ...  4 

5  atoms  water      .         .         .  5-625 


i 


22-625 

62,  Pyronmcateofsoda.  Crystallizes  with  difficulty.  Doo 
not  deliquesce.  Less  soluble  in  alcohol  than  pyromucate  of 
potash. 

•  Bucholi.  Gehlen'8  Jour.  v.  520.  t  WBlchncr.  |  Ron. 

}  DoDOVBn,  y  Braconaou 
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63.  SuteiHate  afaoda.  Whon  piir<>  AiiccinEc  acid  U  «iatnrate<l 
with  MMia,  \hf.  solution  Iiy  spontaneoiii*  evaporation  yields  beau- 
dfiil  Irim«[iikr>-iit  rryxtiili  nf  ^^iirciimU'  of  soda ;  nome  of  which 
•n-  fiiiir--'icti-<l  priiniK  with  iltl)oi)r»l  viiinmits ;  oltu'rs  six-siiled 
prisms,  u.-nniiuit«i)  by  nn  oblique  fiice.*  Tliis  suit  Iiqm  a  bitter 
iMtCi  ifl  toss  soliibli*  in  wutcr  than  common  salt,  mid  docs  not 
deliquesce  wIk'ii  cxpoMcrl  to  the  uir.  Its  constituents,  by  my 
walyNtit,  arc 

1  atom  Hticcinic  acid         .         .  6-26 

1  Atom  soda  ...  4 

6  atoms  water  .         .  6'7S 


•Mltl. 
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17 
Tbii  h  exactly  ibe  com[)mition  and  atomic  nreight  of  acetate 
«f  soda. 

6J.  RfHzoate  of  no(Ia.  The  crystals  of  this  salt  are  largfcr, 
*"*(  its  Ifwttt  U  tbc  Kumc  nnth  tliat  of  l>c»Eoat<'  of  potasli.  It 
>■  Wry  Koliiblc  in  water.  It  effloresccN  in  tlu>  air.  It.t  taste  is 
**»viisii  »iid  sharp.     Scarcely  soluble  eren  in  boilinj^  aleoliol. 

65.  Gtillate  of  notla.     An  irrepibir  cry«t.iUine  mass,  hardly 
nunincd. 

66.  Ktmi/f  >f  tixia.  It  eryslallizes  in  beautiful  six-nidcd 
priuns,  which  undergo  no  alteration  by  exposure  to  the  air. 
fixposurv  («  the  heat  of  212°  does  not  sensibly  diminish  their 
Weight.  It  is  probable  from  this  that  it  contains  uo  water  of 
aystallizatiou-t 

67.  MtconaU  if  toda.     It  may  be  formed  by  drn])pinf(  a 
SolDtioti  of  friatiber  Kill  into  liquid  meconate  of  barytes  ,is  long 

a  precipitate  continues  to  fall.  Tlie  filtered  liquid  when 
concentrated  dep(Mtit<.<^  Kmiill  ^anuUu- crystals,  which,  ii(.-cnrdtnf|^ 
to  John,  effloTCsce  in  the  air,  and  are  soluble  in  five  times  their 
weight  of  water.  They  are  composed,  according  to  Chuulant,  of 
Meconic  acid        .         .  93 

Soda  ...  40 

Water  ...  88 

100 

68.  JUimeamatriftmh.     Crystalline  grains,  reddening  vegfi- 
tahlc  blues,  easily  soluble  in  water,  but  scarcely  in  alcohol. 

69.  CamphiirtUe  *f  tmla.     This  s.ilt  may  be  formed  in  the 
way  o»  the  camphorate  of  ]>ot;i»h.     \\'hen  concentrated 

•  MorrcBU,  Ann.  <le  Cliini.  xkii.  Ifla, 
Uaoqr  aiid  Plitson,  Aua.  d«  Chin  el  il«  Phyi.  xlL  3)16. 
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to  tlic  thickness  of  a  ftyrtip,  fl»tn«  pritiniitic  crysulo  moko  tli«ir 
npprariiiiCR.     'I'liis  salt  spcvdll}-  (leliquc«cvii  wlinii  c^piMed 
n  moiHt  iifni(W])li<'rc.     li  is  not  soluMc  in  wat^T.     100  [nait 
iili«i>lutc  iilcohol  (UsHolve  l-2.'i  parts  ot'  this  sJt  lit  t])c  torn 
turo  of  45°.     Wlieii  lieatfid  it  tn«l(ii,  and  b  decomposed  w 
the  temperature  is  raised.* 

70.  Sttberale  of  sorta.  It  may  I>i>  ol>tained  by  ntnTatiBgi 
suberic  acid  with  v»rbuimCo  of  i^iodii.  It  shoots  into  trai»ipiirent 
needles  aim)  four-eided  prisms.  Its  taste  is  lollUh  oikI  ItiUei. 
It  dissolves  in  its  own  weight  of  cold  vater,  and  is  still  morr 
soluble  in  hot  water.  It  is  soluble  alao  in  alcohol,  ^^'ben 
exposed  to  the  air  it  absorbs  moulure.f 

71.  SUarate  of  toda.  To  obtain  this  mlt  let  30  parts  of 
St«Wic  iieiti  be  ptit  into  a  flask  with  200  of  wntrr  and  1.3  of  sodi, 
mm)  digt-sted.  The  eoinbinatioii  lakes  place,  and  ibe  mlt  iiepB- 
itetBt  from  the  liquid  in  clots.  I^t  it  be  dried,  and  then  pmsed 
between  folds  of  blotlin);  paper.  When  dry  let  it  be  dis- 
solred  in  25  times  its  weiglit  of  boiling  aleobol.  On  cooling 
tlie  liquid  become  gelalinon*,  »nd  by  degree*  pure  steamip  "f 
soda  appeuTS  in  tlie  form  of  brilliant  crvHtaU.  Collect  tliem  m 
n  filler,  wash  them  witli  cold  alcohol,  anil  then  allow  them  todrj-. 

Tlie  crj-stals  are  semitninsparent  plates ;  they  are  at  fini 
tasteless ;  but  leave  an  alkaline  imprcMloii  in  the  moutli.  11(7 
dufioire  in  SO  times  their  we^ht  of  boiling  nlecjiol,  of  the  spe- 
cific gravity  0-S'21.  The  sohition  become*  muddy  at  about  tU 
tempenitiireof  158°.  It  assumes  the  form  of  a  jelly,  whicliliy 
degrees  diminishes  in  bulk,  and  b  converted  into  vryslakL  It 
is  insoluble  in  water,  and  very  stigblly  soluble  in  etiter.  It 
contsina  no  water,  hut  h  composed  of 

I  atom  stearic  add, 

I  atom  soda.( 

72.  BiMearate  of  soda.  \Ve  obtain  thb  salt  by  digesting  1 
part  of  stearnte  of  siKla  in  2000  parts  of  water.  The  liqoiil 
take^  up  one-half  of  ihc  Mxla,  and  tlio  portion  remaining  uodi*- 
solved  is  bistcamte.  It  is  more  fwuble  than  the  stearate ;  aixi 
is  white,  initipid,  nnd  without  colour.  [i  iA  in&oluble  in  water* 
but  very  soluble  in  alcohol,  and  tlic  solution  reddem  infuauo 
of  litnnL'4 ;  but  tlie  blue  colour  is  restored  by  adding  water  to 
tlie  liquid.g 

73.  Marfforate  of  mda.     Tills  sail  lias  the  form  of  simII 

•emi transparent  plates,  at  first  tasteless;  but  it  leaves  an  alkt- 

*  Brundot,  .'4('liwci(!);«r'4  Jour,  xxxtiii.  86$.         f  lUiL  xxxiiL  83. 
J  Cliemnil,  *ur  In  mri»i  |:nUi.  |i,  90.  j  QiM.  p.  d 
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line  impression  in  Uio  mouth.     It  ia  soluMc  In  about  50  Ume«    »*"•'"■ 
ha  wei^i  «f  iNHlinjr  alcohol,     It  is  in§oIublc  in  wnler.* 

74.  Bmnrt/tirate  tifiwda.  Obtained  by  iliju^etting  m.iripiratc 
flf  soda  in  it  )|rrcal  qtumtiiy  of  Wiiior.  Il  is  whiu-,  iiuipiri,, 
dntitutc  of  Mneil,, more  fusible  ibuii  ninr^nile,  insoluble  in 
imtur,  but  very  soluble  iu  alcohol.+ 

75.  Iticinate  oftuda.  Stmilur  in  it«  ])ro|icrlieti  to  ridnate 
of  poljwh.  ,,  I. 

76.  Okaleqftoda.  Put  into  n  fliuk  1  pftrt  of  oleic  mU; 
U-66  uf  hydrate  of^otUt  dttwlviil  in  5  poris  of  wuier,  clifpett 
to€  Mme  time,  and  liien  allow  the  wliolv  to  eooL  'I'hu  oleato 
■eparales  in  a  maits  tntich  hunlttr  an<l  lirnicr  tlun  olratc  of 
potanh.  Uoilucv  it  to  powder,  press  it  bctwe«>n  the  fuld«  of 
blotting  IKilKTi  nftd,  fiiudly,  diiwolvc  it  in  10  ticie-t  lis  we%ht 
of  trailing  nlcohol,  uf  (lie  specific  )i;ranly  0*B2i.  It  separates 
in  a  solid  ntatw,  when  the  solution  cooU,  or  is  properly  con- 
CKntrated.  It  a  scinitran.'>|uin-nt,  wilfaoiit  ftmell,  and  has  ft 
hitlL-r  and  alkaline  bLite.  Il  iiiiHorbt  inoiKlure  from  the  utiDO- 
•pbere,  but  does  not  detiquc«ce.  It  disMolvot  at  5U°  in  ten 
tlam  itit  weli^ht  of  water.  It  dlwolvcH  alfo  iu  10  times  its 
weight  of  buitiiig  alcohol  of  0-^1.  Kthcr  hm  very  little 
action  on  it^ 

77.  Biitoieatc  of  toda  L-xint*  i  but  bas  not  been  examined. 

78.  Phoctnatf  qfmtla.  Oliliiined  by  neutralizing  carbonate 
of  soda,  iliwolved  in  wuter  n'ith  an  exccm  of  plmn-nii;  acid, 
and  evaporating  to  dryneM.  M'lien  dissolved  in  water,  and 
eoncetitrated  and  exposed  in  u  very  dry  atmoepherc,  it  cry»tal- 
lizea.  Tlie  cryittaiq  rewmble  cnuliBower,  and  deliquesce  tn 
a  moiftt  atmo^l>)le^e.j 

70,  Buijrmte  i^sttdu.  Prepared  in  tlie  same  way  an  buty- 
rate  of  pota^li.    It  resembles  (hat  tcdl,  but  is  leMt  deUquEv4cenl.||. 

80.  Capnate  (faoda.  Prcpareil  In  tjie  Hnmc  waj'  t»  cupro< 
ale  of  potash,  wliidi  i(  resembles.  A  voneenlraled  Noluiion  of 
It,  wbett  exposed  to  the  air,  ts  vonvcrtc4t  into  a  white  mans.^ 

81.  ChfJfsftraie  qf  itoda.  Brownish  yellow,  not  eryntaUiz- 
able,  deliquescent.     Insoluble  in  nlcoliol  aiul  ether. 

H-2.  PimU  r/<«A..  ■>     .^^.,^  ^  ^j^^  ^^  ^^  ^^    ^,^_ 

83.  Silraie  o/ mda.  J  *^ 

84.  Varfiaznliitf  o^  foila.  Crj-sljdltzfi!  in  fine  *ilky  needles 
of  a  light  yellow  colour.     Ii  dissolves  in  about  -2f)  limes  it» 

■  Cbevml.  mu  lii  <;ori<«  gras,  |>.  6S.  t  IbU.  p.  M. 

I  Ibiii.  !»■»»■       «  ll>id.|>.  111.       t   1U>L|I.I1!7.       flbbLp^UI. 


______  weight  of  wBt«r  at  60*.     In  odter  respficts  it  agrees  witi 

curl»uotat«  of  poUulu* 

85.  Urate  of  »oda.     A  white    powder    liaving    (he 
appeHTUiice  as  ptiro  uric  acid.     Soluble  in  soda  ley. 

86.  Pymrate  o/toda.     A  salt  soluble  in  water ;  but  »ecaB-  ] 
ingly  not  crysUillixublcf 

•  87,  Atpartati-  of  tada.     Crystallizeii  en»ily,  and  is  chanw- 

terized  by  aii  wlour  of  (w«f  tea,  agrei-jibly  miliiie.} 

88.  Uj/drocarbogniphitit  i^soda.  'I1ii»  »alt  cr)'stulli]ees  witb 
more  difficulty,  aiid  in  quit«  a  diffi-rent  form  from  tliat  </ 
liydrQcart>osu1|>li3le  of  poUieli,  It  dcliqiK-sces  in  nioiit  vky 
and  is  not  aeparaCed  from  tu  solutiun  in  ulvobol  by  sulpbuiie 
cther.^ 

89.  Siil/)hormale  of  soda.      It  forms  brilliant  crystals,  wboMJ 
fonn  in  irn-)/ii[iir,  and  effloresces  in  the  atiiios)>liere.||     TlujFr 
oontust  of  InuMpiuent  six-Aided  tallies.     'Ilie  lute  ia  swerb  \ 
When  tliruwii  into  u  T<>d  hot  plutiuuin  crucible  tlicy  buni  nidi 
tlame.% 

90.  SuJp/ionap/itAatate  of  soda.  It  rcHembU-s  suIp!iomph< 
thalate  of  potaitli.  'I'lie  crystals  are  wtiiln,  puarly,  uud  tual* 
tcred  in  the  uir.     They  have  a  decidi^l  mcUillic  taste.** 

91.  Simi/ialr.  of  soda.  When  die  Kulution  of  tbiti  salt  il 
It-ft  to  spontaneous  cvaporTitiun,  it  tJioub  into  sjiuiU  crystalliiw 
gmina, 

SKCTION  IV. — SALTS  OP  LITUIA. 

The  salts  of  litliia  have  been  liitlicrtu  but  ituporficially 
extuiiined,  owing  to  the  difficulty  of  procuring  tJieir  baaeio 
Kiiflicicnl  <puuitity. 
ChuHicn.  I,  They  itrv  all  sobiblu  in  water  (us  Jar  iw  ia  known),  ■o' 
in  tliis  n-«pt!i-t  resemble  the  salts  of  potash  and  soda.  Hut  the 
c»rt)onute  of  lithin  is  much  less  soluble  than  the  carbonatM  of 
potash  or  soda. 

-2.  When  carbonate  of  poiawh  is  dropped  into  a  eoncentnln] 
solution  of  a  salt  of  lithia.  a  white  preeipitate  fulls.  Thin  pnv 
cipitate  may  be  redissolvcd  again  by  diluting  the  liquid  witli  ■ 

*  Licbig,  Ann.  ile  Chim.  ct  de  I'liyB.  xxx*.  83. 

f  ChcTuUitr  nnd  LuMsignu,  Ann.  <lc  Ctiioi.  M  da  Phjt.  xUL  ItHL 

I  PIcuon.  Ibid  xl.  314. 

%  ZciK,  Annnlii  of  l>l)ilasoph>  (M  torin),  fv.  KM, 

I  Vogel,  Ann.  dc  VMiai.  et  dv  I'liyi.  xiu.  tS. 

i  Vogcl,  GUIicn'*  Aiinnlen,  kiii.  SH. 

**  I-'nnidu]',  AuDuU  orPbilvsopliy  (SU  icrics),  iii  S07. 


miBdont  quantity  of  water,  or  by  raising  it  to  the  boiling 
pcinu 

8.  Muriate  of  platinum  occaniotia  no  precipitate  when 
tiro|>|Mil  into  ii  -vilt  of  Itthiii. 

4.  SevemI  of  llie  salts  of  Iitliia  ntcll  at  a  wry  low  tein- 
penitaro. 

5.  \\'licn  tliv  tuiltit  of  litliiii  arf  lieatvil  to  rcditi-w  in  a  jila- 
tiniun  veswlr  they  act  witli  cousidcniblc  ciici^y  upon  that 
metal. 

(I.  Neitlier  pniMiate  of  potash,  Dor  infbsion  of  nut/^allo, 
ocea.<u(iii«  any  precipitate  in  the  salts  of  lithia, 

7.  SalL-4  of  Htliia  are  not  precipitated  by  caustic  potasb. 

8.  If  to  a  ult  of  lilhia  we  add  a  quantity  of  phoeplmte  of 
•odn,  and  evaporate,  tiio  solution  becomes  muddy.  If  we 
eva|torate  to  drynem,  and  pour  water  on  the  residue,  k  while 
powder  remains  undi^aolved,  which  Jidl)t  slowly  to  Uie  bottom 
of  the  vessel. 

9.  When  an  ali!olioliu  solution  of  a  litbJa  salt  is  kindled,  it 
buriw  with  II  purple  red  colour. 

10.  If  we  mix  toi^etlii-r  I  part  of  fluor  spar,  and  I  ^  part  of 
sulpluitc  of  ammonia,  and  udd  to  tJic  mixture  a  little  of  a  lithia 
salt,  and  hcut  before  the  blowpipe,  tlie  fUine  Um  at  first  a 
green  colour ;  but  when  ibe  mixture  fuses,  tlic  colour  of  the 
ftame  becomes  purple  red.* 

1.  Sa^ate  of  tilfiut.  This  salt  crystallines  ij]  small  foiir- 
AAtA  cryotala,  whose  bases,  according  to  Vauqui-lin,  are  S(]uaree. 
Im  taste  is  saline,  witliout  any  of  the  bitterness  which  <li»tin- 
giitsheK  the  sulphates  of  potash  and  socUi.  It  n-quircKa  strung 
r«d  heat  to  fuse  it,  but  the  presence  of  a  little  gj'psum  makes 
it  fusible  below  »  red  heat.  It  is  scarcely  altered  by  expoenre 
to  the  air.     Its  constituents  arc 

)  atom  sulphuric  acid  .         Q 

^  1  atom  litliia  1-75 

^^^^^      I  atom  water  I'l'i5 

^^^^  7-875 

T  S.  ttimUphate  of  lil/ita  dissolves  in  water  more  readily  than 
the  tiulptuiie.  It  crystallizes  in  six-sided  tables.  When 
expiMcd  to  u  very  high  temperature,  sulphurous  add  and  oxy- 
gen gns  lire  driven  otT,  aiul  Kuljiliute  of  lithia  remains  bebind.f 

6.  ^Utrale  qftilAia,     This  Kilt  is  colourless,  very  soluble  in 


*  Turner.  f  flaiclin,  Oilbcrt'i  Annnlen.  \xu.  MK>. 


p 


OXVGEN  ACID  SALTS. 

WBUr,  and  crystnljizes  in  fouivsuWd  prisms,  widi  riiotobaftkl 
boses.     fu  buue  ts  rerr  sharp.     It  rery  iipccftily  deltqiioaoc» 
wlien  exposed  U>  the  air.     Tt  melts  \dien  exposed  to  a  vtry 
moderale  degree  of  beat,  and  runs  into  a  liquid.     It  dissolvA 
readily  in  alcohol.' 

4.  CarboifUe  oflithin.  When  this  nit  is  obtained  by  pre* 
dpitatiiif;  a  co»oentnit«d  Mlt  of  litliU  by  mcaus  of  tsrboDate 
of  potaihi  it  b  a  white  powder,  faa^'ing  a  strong  alkaline  tast^ 
and  soluble  in  about  100  times  its  weight  of  cold  water;  but 
norc  soluble  in  hot  water.  It  melts  when  heated  to  rednevt 
and  assume*  on  cooling  the  appearance  of  enamel  'Whea 
beatod  in  a  platinum  crucible,  the  metal  is  always  btroogly 
atiackn),  Tlie  carbonatea  of  the  otlier  alkalies,  on  tJic  other 
haiul,  rt.-»tor«  tl)i>  metallic  lustre  to  this  metal  wh«n  tarnished. 
It  U  Insolublv  lit  alnthol.     Its  congtiluents  are 

1  atom  oirbottic  acid  .         2-7& 

1  atom  litliia  .         1-75 


4-5 

9.  BiearbomUe  cfUthia.  When  a  current  of  carbonic  arid 
gae  k  passed  through  water  in  which  carbonate  of  lithia  is 
Ml8p«nde<l,  a  portion  is  dissolved  doubtless  Id  the  state  of 
Ucariranato.  liy  njiontaneoiis  evaporation  a  crystallim-  cnut 
IS  obtained,  which  decrepitates  strongly  when  heated.  Tliit 
Silt  iit  (uii'l  to  occur  in  gomo  mineral  water)  in  Uohemia. 

fi.  Fiio^i>itatr.  nf  Uthin.  This  sixlt  tiills  in  tlie  State  of  • 
white  insoluble  powder,  when  phosphate  of  anunoniu  is  drop! 
into  a  solution  of  sulphate  of  lithto.  13iit  phosphoric  add  dora 
not  occasion  a  predpitate  when  dropt  into  that  salt,  nor  whra 
drOi)>t  intfl.cnrbonate  of  lithia.  But  if  heat  be  applied  to  tlie 
carbonate  after  the  addition  of  phofiphoric^  acid,  carbonic  acid 
is  disengaged,  aiid  pho^iliate  of  lithia  falls  down. 

7,  Biphufphalc  of  lithia.  W'hcn  we  diMolvo  tin-  preceding 
salt  in  pho.spboric  acid,  we  obtain  a  blphosphato,  which  cty^ 
lallizcs  wiicii  lefl  to  spontaneous  evaporation.  It  is  verjr 
soluble  ill  wftter.+ 

8,  Bor/ik  tifUlhia.  Tliis  add  combines  in  two  proportions 
with  Htltia.  Tlie  neutral  borate  may  be  tnade  by  boiling 
togetlier  the  aqueouv  solution'^  of  boraoie  add,  and  carbonate 
of  litliia.     The  combination  takes  plucc  very  slowly.     Tiie 


•  ArI'vcdwn,  Ann,  ile  Cblm.  et  dc  Ph)».  x. 
Uli.  110. 

t  Uueliii,  OUben't  Annslcii,  bu.  400. 
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borate  of  lllliia  in  very  soluble  in  water,  uiid  witon  die  solitttoii     **"■  )v- 
is  uvspomti-d  Huflii'iently,  u  guinnt)'  tniiHpurent  mutter  remains, 
vhivJi  iJcliquCHcvs  when  left  cxjiosctl  to  the  uir. 

Biboraic  t^  lithia  is  capable  of  cTjstalliziiig,  and  is  much 
1cm  soluble  tluui  the  borate  of  litbia,  though  more  so  diaii 
boracic  acid.* 

9.  Seteniie  of  lUhta.  Deliquesces  in  tlic  air,  fuses  below  a 
red  b«9U  into  a  yellow  liquid,  which  on  cooling  eoncretea  into 
actytfalUue  maati,  which  is  translucent,  has  u  pearly  lustre, 
and  w  oomposed  of  large  pliitos, 

10.  Cftromalf  nflilhin.  This  utlt  Los  u  yellow  colour,  and 
crystallizes  in  inxulleloiiipcds  with  rhvinbotdut  bases.  It  is 
readily  soluble  in  watcr.^ 

1 1.  Oxalate  o/lithia.  This  salt  may  be  obtained  by  satur- 
ating oxalic  acid  with  carbonate  of  lithia.  It  erytiallizes  with 
difficulty,  and  duwlves  readily  in  M-nter.]  I)iiio.Yahtte  of  lithia 
oystallizeA  and  diwdves  readily  in  H-ater. 

12.  Aceiaie  ofHthia,  This  talt  may  be  oblaiiH>d  by  di»> 
wtving  carl>oniite  of  liibiii  in  acetic  avid,  witli  the  assisluuce  of 
beat.  When  eraporuled,  it  leaves  a  gummy  matter  M'hich 
qwedily  dvliquvscvs,  and  in  the  dctiqueseed  mass,  crystaUine 
pLit4<«  gmduully  make  their  appearuiici^'.  j 

10.  Tartrate  ijfiithia.  This  ^It  dissolves  readily  in  waUr, 
and  (U>e«  not  crystallize,  but  forms  a  white  opaque  matter 
whiob  does  not  deliquesce  when  exposed  to  the  air.  The 
hUarirale^  on  the  contrary,  cryHtutHiEes  readily,  and  is  not  so 
•oltthle  iw  the  Urtniti'.{| 

14.  Mucate  qf  lithia.  Mitcic  acid  readily  diMuIves  carbonate 
of  lithia.  and  yields  when  ftlowly  evaporated  small  crystals  of 
Macaie  of  litJiifl,  which  cfHoresco  when  exposed  to  the  air,  and 
diMolve  with  facility  in  u-utcr.^ 

15.  Malale  ofitthia.  Malic  acid  extracted  from  tlic  berries 
of  the  mountain  anh  ilinsulves  carbonate  of  tJtliia  mtli  facility ; 
but  the  Muliition  scarcely  yields  crystals.  Wltcn  evojioratcd, 
a  Kynipy  moM  remains  which  cannot  be  easily  dried.** 

IG.  Batzoa/e  qf  lithia.  Ik-nzoic  acid  rculily  doconiposea 
cariwnale  of  lithia,  and  form^  a  salt  whieli  diswlves  easily  iu 
water,  and  doe*  not  crystnlHzc,  but  litaves  a  white  opnqne 
nutter  which  deliquesces  in  the  air.  When  heated  to  redness, 
it  IN  converted  into  carbonate  of  litlita,  which  leaves  when  <lis- 
•olved  in  water,  a  ^'ery  bulky  coid.i-)- 

•  tiaielin,  Qilbm'o  Annalun,  Ixii.  -tt^.       t   Ibltt.  '1  l:t.       |  ItdiL  41*. 
S   ItiiJ.  115,  I    II;d<L  1   lyj.  4I<.-  *•   tlild.  ff  Ibid 
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''  °^*^  n.  GaOiat  cfhdua.  Gallic  add  readUy  diaM^Tes  arbonte 
of  Bthia.  Tbe  solntioa  has  a  dark  greni  colour,  and  irim 
CTapoiattd,  lesTcs  a  blad  matter  behuid,  which  does  not  yield 
oTitab.* 

SECT.  T. SALTS  OF  BARTTE8. 

A  considerable  oaniber  rf  the  salu  id  baiytes  are  inoloUe 
in  water. 
ckMCMK.         1-  Ther  are  white  or  tnn^iareDt^  and  in  genetal  affect  a 
oystalUne  fonn. 

2.  If  a  little  of  the  Mlntioa  of  sulphate  of  soda  be  let  M 
into  a  salt  oi  bar^'tes,  a  white  powder  immediately  precifulata, 
which  is  insoluble  in  Dicric  add. 

3.  Vhen  beat  is  applied  to  a  sit  oS  barytes,  it  is  not  com- 
pletely dissipated.  If  the  acid  be  combustible,  carbonate  «f 
barj-tes  remains  behind;  if  the  and  be  not  combustible  or 
volatile,  the  salt  remains  behind  undecomposed. 

4.  Prussiate  of  pota'ih  occasions  no  predpitate  in  a  salt  of 
borj'tes;  unless  the  add  happens  to  contain  a  metallic  \as». 
The  same  remarii  applies  to  hydrosulphuret  of  potash  iriien 
dropped  into  a  salt  of  barj'les. 

5.  Most  of  the  salts  of  barytes  are  poisonous. 

6.  Mlien  a  fusible  salt  of  bar^-tes  b  heated  before  the  blow- 
pipe, it  tinges  the  fiame  yellow.  The  same  change  of  coloar 
is  produced  when  alcohol,  containing  any  soluble  s^t  of  bary- 
tes in  solution,  is  burnt. 

7.  Oxalate  of  ammonia,  when  dropt  into  a  solution  of  a 
barytes  salt,  does  not  occasion  an  immediate  precipitate. 

1.  Sviphate  of  barytes.  This  mineral  occurs  in  conndeP' 
able  quantity,  chiefly  in  veins,  and  very  frequently  aCcoiii- 
panies  galena  and  grey  copper  ore.  Its  nature  was  fint 
ascertained  by  Assessor  Gahn.  It  often  occurs  crystalliied, 
and  the  primary  form  is  a  right  rhombic  prism,  the  &ces  of 
which  are  inclined  at  angles  of  lOi^  42'  and  78°  18*.  It  can- 
not be  crystallized  by  art  This  salt  is  insoluble  in  water,  or 
at  least  only  soluble  in  43000  times  it  weight  of  water  at  tie 
temperature  of  the  atmosphere.^  Sulphuric  add  dissolves  it 
when  concentrated  and  boiling,  but  it  is  precipitated  by  tlx 
addition  of  water.f 

*  Omelin,  Gilbert's  AiuiBlen,  lix.  p.  415.        f  Kirwan's  Min.  i.  136> 
\  Thus  it  forms  a  kiaci  of  a u persulphate,  capable  of  MTnallisn^  M 

Withering  first  observed,     Mr.  Hume  1^  also  mentioned  it  in  PliiL  Uig. 

xiv.  357.    The  foci  wai  well  knowo  to  chemists.    This  Bolutioa,  bowefV. 


When  suddenly  healed,  it  bri.'aks  in  picMS  and  flios  about 
witb  a  crackling  noise.  This  phvnomcnon,  which  is  culled 
decrtpUiition,  is  occasioned  by  the  sudden  conversion  of  the 
water  which  it  coiitiiittt  into  Ktcum,  When  heat«d  very  >-io- 
IrntJy  it  melts,  and  Ix^fore  Uic  blow-pipe  U  converted  into  a 
white  u[Mc|ue  globule.  According  to  Saussure,  a  heat  equsi 
to  iia°  Wwigi-wood  is  Te<)Hin.-d  to  fuse  it.*  When  formed 
into  n  thin  cid«-  widi  fluiir  luid  iraier,  and  heated  to  rediiesiSt 
it  pho»i>hori-Mv»  in  ihv  dark.  This  was  first  observed  in  a 
variety  of  this  substance  known  by  tho  niune  of  Holvgiia  stone. 
Lemcry  informs  us,  that  llie  property  wji*  discovered  by  an 
Italian  shocoiaker  named  Vinceuzo  C'utciarolu.  Thin  inun 
found  a  Bolo^u  stone  at  the  foot  of  Mount  I'utemo,  and  its 
brif^htneu  and  gravity  made  him  HuppiMe  that  it  euiiuiincd 
ttlvcr.  Ilaring  e.ipowd  it  to  tlie  lire,  doubtless  in  ortler  to 
extract  from  it  the  preciotw  inetnl,  he  oW-rved  tlmt  it  wu« 
ainouH  in  tlie  d^rk,  Sinick  with  the  dtacovery,  he  repeated 
rxperiaienl,  and  it  coiisUmtly  succeeded  with  hira.  It  is 
lent  that  by  the  aitcJnation  it  must  be  oonverteil,  at  least 
ly,  into  Eulphur«C  1  found  dial  when  sulphate  of  barytes 
ma  obtained  by  precipitation,  and  after  being  well  washed 
WBfl  dried  by  simple  exposure  to  the  air  in  a  damp  room,  it 
retained  3  per  cent,  of  water  lodged  mechanically  iu  ila  pores. 
The  constituents  of  (JiIm  Kidt  arc 

^l  atom  of  Hulphuric  at^id       .         .         6 
1  atom  hiirytt.-H  ,         .         .         9-6 

US 
*i.  Sulphite,  of  fiarytt*.    A  tasletesa  white  powder,  insoluble 
in  water.     >Vhcn  healed  it  gives  ofT  sulphur.     It  dissolves  iu 
aqueous   sulphurous   acid,   and   cryitiallLites   Eu  needles.     Ita 
constituents  are 

I  atom  sulphurous  aci<I  •  ■  4 

I  atom  baiytes  .         .         .         ti'5 

I3>S 

It  contains  about  S  per  cent,  of  water  lodged  mechanically 
in  the  pores  of  tlte  salt. 

S.  liyfxmilphite  nf  barytes.     This  salt  may  be  obtained  by 

ubut  very  in^Mffectlycntitlnlto  the  nnDCoTtupcmilphiiicorbaryltM;  h 
it  (wt*  with  its  OCCM  of  BCid  Bt  a  nuxlerate  hear,  whirh  by  tiu  racww  U 
the  coK  Kkti  nipGnulfihalc  of  jHilMh. 
■  Jour,  de  Pliji.  ilv.  13. 
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ch>  >■  pouring  muriate  of  barytea  into  a  coocenlratecl  wlatipiL'of 
byfXMulphite  oflime.  It  &IIs  in  the  state  -of  fi  wkite  brilliaat 
scaly  powder.  ;  It  is  very  aUghtly  soluble  ia  water.  Wkn. 
the  muriate  of  barytea  is  poured  into  dilute  hypoaulpUte  <f 
Ume,  no  precipitate  appeara  at  first,  but  small  cryBtalline  gaam 
gndoally  hh,  speedily  foUoved  on  brisk  agitation  by  »  oi^mni 
sqtantion  of  the  barytes  salt.  Mr.  Herscfaell,  to  vhotu  «e 
are  indebted  for  every  thing  at  present  Imown  concerning  tkii 
salt,  considers  it  to  be  a  bihypoeulphite.*  Heme  itaeaaatilii- 
enta  mnst  be 

Acid  ...        10 

Barytes       ...  9-S 

19-5 
4.  Bikydrated  iyp(fBidphate  tf  barytes.  This  salt  b  obtained 
when  hyposul[:^te  of  manganese  is  digested  orer  baryt^i. 
The  oxide  of  manganese,  and  all  the  sulphuric  and*  is  sep*- 
rated,  and  the  liquid  contains  only  a  solution  of  byposolphaf 
of  barytes.  By  evi^Mration  the  saU  may  be  obtained  in  etj^" 
tals,  by  keeping  the  liquid  for  some  time  in  a  hot  plaee. 

The  crystals  are  usually  four-sided  prisms,  deviating  coly  6* 
45'  from  a  right  angle  by  Dr.  Heeren'a  measurement.  Tkej  ire 
terminated  by  irregular  fouI^-8ided  pyiandds,  the  bees  of  whicb 
are  set  on  the  edges.  There  is  another  variety  of  crystsllNlfe' 
tion,  with  faces  usually  convex,  and  not  easily  de6cribed.f  It 
is  not  altered  by  exposure  to  the  air.  When  heatedjt  stron^jr 
decrepitates.  It  dissolves  in  !■!  times  its  weight  of  boiling 
water;  in  4-04  times  its  weight  at  64°,  and  in  7-17  times  its 
weight  nt  47'*.  It  is  insoluble  in  alcohol.  When  stroi^f 
heated,  water  and  sulphurous  acid  are  driven  off,  and  sutfriiatB 
of  barytes  remains.  Its  constitueiila,  as  determined  by  Gty 
Lussac  and  Welter,  with  which  the  analysis  of  Heeren  i 
are 

I  atom  hyposulphuric  acid         .         .  9 

1  atom  barytes         ....  9*5 

S  atoms  water  ....  2-35 


2(W6 
5.  Qmaterkydratedkypotulphateif  barytes.  Whenasolnto 

of  hyposulphate  of  barytes  is  set  aside  in  a  temperature  not 

•  Edin.  Philos.  Journ.  i.  W. 

\  Figures  of  luth  these  crjsUb  have  been  given  b;  Heenn  in  Pufgm- 
dorTa  A&ulea,  vii.  173.    The  figures  are  in  Tab.  II,  figs,  4,  5,  6, 
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e.icef>ding  41",  crystab  are  gnuluall)-  deposited,  oonlaitiing; 
Inicu  ua  much  wntFr  as  tlie  prccciling  salt.  Tbp  cryfltnls  Arc 
lar}{;t*,  and  ure  in  four-siilcd  pri^m-^,  tenniiiatcd  hy  four-sided 
p)Taniid«i  approaching;  very  nearly  to  the  ahapc  of  siilphiUv  of 
larytfs.  llic  iiicliiuitioa  of  die  ^c«s  of  the  priam,  mcu^ured 
by  n  common  goiiionicter,  are  102"  and  7S''.'  When  hejitcd 
it  decfopiuite.4  Mroii)rly,  but  dcie^i  not  melt,  hut  is  converted 
into  nulphate  of  Imrytet*  without  ultcrinjr  iu  shape.  Its  con- 
atittiBiitat  a»  determined  hy  Hceren,  lac 

t  ■torn  hypOTiilphuric  ucid  .  9 

1  abrni  lmjle»  ....  0-5 

4  atoms  mt«r  ....  4*5 

1^  6.  Nitrate  qf  (iaryte«.  Thw  salt  was  formed  immcdiat«-ly 
after  iJie  discovery  of  l)arytc!«.  Viiutpielin  ha.i  atUled  consider- 
ubly  to  ear  kiiuwiedgo  of  tta  propertieH.  It  U.iuually  prejiared 
by  diiM>lrin){  itiitivc  cjirhunate  of  harj'les  ia  nitric  ucid,  or  by 
^Moupwuii^  sulphurct  of  horytes  by  means  of  nitric  itciil,  and 
cn^toraliiig  the  tillered  »oiutiou  till  the  nitrate  crystaiUsefl. 

Its  crystals  arc  r^ilar  udalmdrona,  soroedmes  cubes,  niid 
often  tliej-  adhere  to  each  other  in  the  form  of  stars.  The 
Munmiln  of  ilie  pynuuids  iin-  oftrii  tniucated.  iwmetimtfs  it 
cry>taUixe«  In  tliree-«ided  tablo-s  with  the  angles  triuicuU-d. 
Sometimett  it  is  obtained  in  small  briltinjit  plates.  lu  specific 
^vity  is  S-9l49.t      It  i.s  very  easily  reduced  t«  powtler. 

Ila  tuale  is  hot.  acrid,  ai»d  aaitcre.  100  parts  of  water  »t 
32"  dissolve  5  parta  of  itj  at  68",  15-8 parts;  and  120",  17 
partg;  and  at  215%  .Id'S  yuati  of  this  salt,  accordinj^  to  the 
delr-rmitiatioii  of  C>ay-Lusuic.  It  contains  no  water,  but  is  a 
n>m)>ound  of 

1  atom  nitric  acid         .  fl*7A 

^  1  atom  barytCB  •  9'5 

I  ^^'^^ 

It  i»  insoluble  in  alcohol  of  tlie  specific  grarity  0*800.  It  is  but 

little  alterw!  by  exposure  to  the  air.     When  thronii  on  buminf; 

eoals  it  decrej^itsti-is  undergoes  a  kind  of  futuoii,  and  then 

becomes  <lr)-.     When  strongly  h«at«d  in  a  crucible,  die  whole 

■  Sec  a  dcacripcion  mi  Hgure  of  the  crystal  by  ITcercn,  in  I'ogitcndorra 
Aimnlcn,  vii.  ITti.     He  eomldiu^  llio  |)riniar}r  fonn  nn  oclnhcilron,  but  "C 
wiinic  a  ri|^  rhombic  pritmi  with  nnf\e*  of  UH*  and  H\T. 
■  HMHBfnii,  Ann.  de  Cliiin.  *\v'o\.  IV. 
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o™  I-  of  (He  acid  is  gradually  diiyen  oE,  and  the  barytes  remaing  pore. 
It  detonates  less  riolestly  with  combustibles  than  most  <^  tlK 
other  nitrates. 

7.  Chlorate  of  barytes.  The  best  method  of  obtaining  the 
chlorate  of  barytes  is  to  pour  warm  water  on  a  quantity  of  the 
earth  procured  by  Vauquelin's  method,  and  to  pass  a  current 
of  gas  through  this  mixture  kept  warm.  By  tlds  mediod  it 
usual  mixture  of  chloride  and  chlorate  is  obtained.  Nov  thM 
two  salts,  when  barytes  is  their  base,  posaesa  the  same  degm 
of  solubility,  and  resemble  each  other  in  the  form  of  their  cry^ 
tals,  BO  that  they  cannot  be  obtained  separate  by  repeated  crjt- 
tallizatiouB.  Mr.  Chenevix  succeeded  by  the  following  inge- 
nious method :  Phosphate  of  silver,  when  boiled  in  solutiom  of 
the  earthy  chlorides  has  the  property  of  decomposing  them;  the 
phosphoric  acid  combines  with  the  earth,  and  the  chlorine  vidi 
the  silver.  But  this  salt  produces  no  such  change  on  the  earthy 
chlorates.  Now  both  the  phosphate  of  barytes  and  the  chlo* 
ride  of  silver  are  insoluble  in  water.  Of  course,  when  phos- 
phate of  silver  b  boiled  in  a  solution  of  chloride  and  chtonte 
of  barytes,  the  whole  muriate  is  decomposed  into  chloride  «f 
silver  and  phosphate  of  barytes,  which  are  insoluble,  and  de 
only  substance  which  remains  in  solution  is  chlorate  of  borytd. 
It  crystallizes  in  square  prisms,  tenninated  by  an  oblique  &efc 
Its  taste  is  sliarp  and  austere.  It  dissolves  in  about  four  ttinei 
its  weight  of  cold  water.  The  solution  is  neither  precipitated 
by  nitrate  of  silver  nor  muriatic  acid.  This  salt  is  insoluble  ia 
alcohol.  When  heated,  it  loses  39  per  cent,  of  its  weight,  owing 
to  the  escape  of  oxygen  gas.  The  residue  possesses  alkaliM 
properties.*  From  the  analyus  of  this  salt  by  Chenevix,  ife 
constituents  are 

I  atom  chloric  add         .         .  9'5 

1  atom  barytes  .         .  9-5 

2  atoms  water  .         .  2*25 


21-25 


8.  Bromaie  of  barytes.  This  salt  forms  actcular  crystaki 
soluble  ill  boiling  n'Bter,  but  little  soluble  in  coid  water,  (h 
burning  coals  it  fuses  with  a  green  flame.-|-  It  has  not  bees 
analyzed,  but  is  doubtless  a  compound  of 


■  Vaiiquelin,  Ann.  <ie  Chim.  Ixv.  100. 

f  Balard,  Ann.  de  Chim.  et  de  Phy«.  sxxii.  367. 
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I  utom  liromic  acid 
1  atom  baryt«s 

94-5 

0.  lati/ttf.  of  linryfts.  TliU  salt  may  be  formed  by  mixing 
a  wilt  with  lii»<tc  <if  ImryU-s  witli  i"itiUo  of  pobult.  It  jtrecipi- 
tatM  in  pftwdiT  tind  liccoincx  furiiiitiH'otM  in  dryiiifr.  It  cannot 
Ik-  deprived  of  tlir  whole  i>f  iU  wtitcr  hy  exposuri-  to  a  wiape- 
nttiirc  rtiual  to  lluit  of  boiling  n-att-r.  When  licatcd  MiRictctttly 
il  is  dp>compo«cd  iuto  oxygrii,  iodiiK',  aiid  1inryt«s,  Uite 
faundrod  ports  of  boiling  wtitrr  dlvsolvo  1-06  of  this  sidt ;  100 
paitH  of  wntcr  Bt  6t)*J  diwtolvc  only  0-00  of  it.  On  hurniiig 
coals  it  does  not  fiis«  and  scarcely  dcfiaj^t«8.*  Its  coiistitu- 
K  enta  art; 

B  1  atom  iodic  acid  20-75 

^^  I  atom  torytefl  D'5 

^^^nO.  Ctirhrmntr  t>f  liftrf/frx.  f^m  mlt  sccma  first  to  hnvp  bcCB 
H  rxaniiiird  by  niT^X'^n-  WillaTing  fintt  found  it  native  in 
^■1783.  Hcnc«  it  litu  n-ccivcd  tlie  name  of  Withmte.  Stncd 
tlinl  limp  it  lia^t  boon  oxatninod  by  Kirwaii,  Klnproth,  Hope, 
Pellctirr,  Fourcroy.  Vauquelin,  and  Ilcnteliiis,  and  its  proper- 
dcH  described  with  great  jirecituon.  It  may  be  j)rppared  artifi- 
cially by  expntiing  haryle.s  water  to  the  open  air,  or  by  passing 
carbonic  acid  gan  into  iu  In  either  case  tlie  carbonate  preci- 
pititten  in  the  ^Ltte  of  a  while  powder.  It  occun  iiative  in  eon- 
udcrable  ({Uiintity  in  vt-int)  along  with  lead  orv  in  dilTeront  parts 
of  England.  I'tiv  abiindoned  b-od  mine  at  Anglosnrk  in  York- 
>hirc,  tHM-'mi*  t«  liave  yii-ldcd  il  in  very  large  quantity.  It  occura 
aliin  nesir  Nviihi-rg  in  Sttriii,  in  irregubr  beds.  Other  locali- 
tit-x  are  mentioneil  in  Hungury,  Sicily,  .Siberia,  &c.,  but  in 
thew  it  wemn  to  occur  only  ipiiringly. 

It  if)  occ»«ionuUycry»tallixed,  ainl  tin-  primary  form  id  a  right 
rhombic  pri*m  witli  angleti  of  118' :)»)'  and  6 1  °  30',  a*  meajinred 
hy  Mr.  W.  I'hillips.  The  nsnol  crystal  is  a  Mx-side"!  priMn, 
probably  formed  by  the  intersection  of  tlirce  of  the  primary 
cryMiilH.  It  huH  no  i«en«ible  taste;  yet  it  is  poiNonoun,  lu 
«p«ctfic  gravity,  when  native,  is  4-aJJl ;  when  preparvd  urtiS- 
cUlly.  it  Miurccly  exceeds  ;}-76J3, 

Cold  water  di<<»olveH  u'jj  part,  and  boiling  water  gj't^rpart 
of  this  salL      It  is  nut  altered  by  exposure  to  the  air.     It  is 
■  GayLuMU,  Ana.  ile  Cliitn.  xci.  61. 
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decomposed  by  tho  iippliciitiDn  of  a  rery  i-iolent  h<?at,* 

in  a  black  tviid  c-ruc-iUIo,  or  when  formed  into  a  paste  with  cliar- 

coa]  powder.     Its  constituents  are 

1  atom  carbonic  acid         .         .  ^75 

I  atom  ImrytM         .         .         .  9-S 


1S'S& 

1 1.  liictxrbonate  efbarytrt.  Fonrcroy  infonns  us  tbat  i 
It  ctirreiit  of  carbonic  acid  is  pa^Mtl  (liroiigb  M-ater,  in 
carbonate  of  barytes  U  necbanicalty  mised,  tlie  liquid  dkHolrn 
^gtJi  part  of  its  weight  of  tlie  salt.  This  dissolved  portiua  ii 
evidently  in  the  sintc  of  a  bicarbonate.  It  appeani  also  fivn 
the  exprrinu-ntii  of  Jterlhollct  and  Longchani|>,  tbatwbcni 
solution  of  a  l)«irytc«  mlt  U  mixed  with  one  of  bicarbonate  of 
potesh  or  sods,  a  double  decomposition  tnkc«  place,  and  a  [M^ 
tion  of  the  bicarbonatfr  of  barytcs  xemains  in  sudution.  But 
this  salt  cunnot  be  obtmim)  in  a  dry  state. 

I'J.  Crocon^e  <>f  Imrytes.  \Micn  croconatc  of  polaali,  toA 
chloride  of  barium  arc  mixed,  a  light  yellow  powder  falls,  wWcli 
iH  croconiile  of  barylea.+ 

13,  Photphatt  of  barytta,  I'hu  salt  may  be  obtatntd  by 
(Iropping  neutral  phospKatc  of  ammoniit  into  a  iioutnti  (sll<f 
barytcs.  Core  must  be  token  to  odd  ttic  pho)i|>luitc  slowly  ad 
in  drops.  For  if  too  much  be  poured  In  bipho«f))iate  of  baryta 
ia  formed,  and  thus  a  mixture  of  two  salts  precipitates. 

This  Bait  is  tasteless,  unrr)'stallizable  by  art,  insoluble  is 
wnler,  and  not  altered  by  expoture  to  tbe  nir.  Its  q>ed£c 
gravity  is  1*28674  When  frtrongly  heated  it  melts  Iwoi 
gray-coloured  enamel.     Itit  conglitttent*  are 

1  atom  phosphoric  ocM  .         4*5 

1  atom  barytes  ...  O'S 

,  14 

'  14.  BiphoipbtOn  uf  harytu!'-  TW]*  wUt  is  obtained  (riiM 
phmplinU!  of  bary  tea  is  dissolved  in  pbo^horic  neid,  til)  the  liqoU 
rcfusoil  to  t.ike  up  any  more-  'Hie  solution  being  erapooitnl 
spontaneouftly  depo«ited  white  crj-stalii,  which  when  Hcpaiand 
from  the  H(|uid  rcsembleil  crystals  of  muriate  of  haryic*.  Tfcsj 
contain  n'ater  of  crystulliKation.  Th<>y  Itavc  a  taste  similar  (A 
that  of  the  nmriate,  but  at  tlie  same  time  add,  This  soil  red- 
dens vegetable  blues.     When  licated  sufficiently  it  swells  int« 

*  Pr.  Hope,    f  L.  Gmelin.    |  Hnweitfratt,  Ana.  de  Chin.  xxviiL  It. 
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I  a  porous  DiBM  lik«  burnt  uluin.     Water  ilpcmniraMM  t\m  «nlt,     s^-  ^ 
by  (tisMilv-ing  tlie  excess  of  ndd.     It  contniiM  oxiurtly  twice  as 
mudi  acid  u*  tlie  iii'utral  phospliat«;  or  it  is  cam)Nw«d  of  two 
ati>UA  aciH  +  one  atom  t>arytes.'     lt<>  coostitueiitH,  as  deler- 
f  ima«d  by  B«-rzcliuii,  are 

3  atonu  {>lio«p)iorit!  acid         .         .  0 

1  atom  barj'teR  .         .         .  ^ifr 

S  atoms  vmuir  .         .         .  S-^5 


20-75 

IS.  Segfiifiphtutphat^  nfhnrttfnt.  TTii*  wait  is  obHiined  wli^n 
' «  soliitioi)  ot'  llio  prnoedirig  >^t  iw  |>ouT«d  into  tUcohol.  A  bulky 
precipitate  fiilk.  Wh«n  dried  it  is  a  iif^ht,  white,  tasteless 
powder.  It  i"  composed  of  I  j  atom  acid  +  I  atom  of  barytes, 
or.  which  comuft  to  the  HOinc  thin;^,  of  3  atoms  urid  -(-  2  atoms 
b«rylefct 

HenceliuH  fonnd  lIuU  wb«n  neutral  pbosphate  of  baryted  is 
digvMfd  ill  liquid  amroonin,  u  portion  of  the  aciil  \fi  rc'movcd, 

■  and  avalt  remains,  whicli  lie  found  composed  of 

B  I    atom  phosphoric  acid, 

H  1(  atom  bnr)'tc8.f 

H      TIk  prntiubilily  is,  that  bi  thi*  oiue  nne-foiirth  part  of  tlie 

Fsilt  loMW  ihi'  half  of  its  acid,  and  is  converted  into  diphosphate, 
wbicli,  by  coiubiuing  with  tlte  remaining  portion  of  salt,  pre> 
vents  tiie  decomposition  from  going  6u-tfaer.  The  n«w  salt 
obtuiucd  then  would  Aoem  to  be  a  compound  of 

fAfM.  nn*tM. 

1  Mam  diphosphate  of  barytra    ,     =  1  atom  4-  2  atonts 
AalofDti  plioapiiatc  of  hiuryles      ,     =  8  +3 

4+5 
For  it  is  obTioufl  thai  \  atom*  add  and  5  ntonM  We  are  lit  the 
same  ratio  as  I  aloiti  acid  ami  t|  atom  iMKe.  It  would  fteem 
from  this  that  a  diphiwpliate  of  barytei  exists. 
H  10.  Phosphite  (^  harytcn.  Derzeitns  prejmTed  ibifl  !«lt  by 
pouring  muriat*  of  b>ir)'tes  into  a  st)hiiioii  of  )dio«tpbitc  of 
ammonia.  \o  precipiinie  appeared  at  firat;  l>ul  in  24  hours 
die  gtaas  was  covered  willi  n  crust  of  phosphilc  of  bary(e«. 
Wbm  waabed  and  dried,  its  composition,  according  to  th« 
npcriaKita  of  Uertelius,  was 

•  Bcrsaia*,  Ann.  de  Chhn.  «l  Fhr*.  li  15*.  t  IbU.  p.  IML 

\  Ann.  de  Cliim.  et  de  Ilip.  xi.  I  li. 
II.  2  I 
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am  1.  1  atom  phosphorous  acid         .         .  3*5 

1  atom  barytes  .         .         .  9"6 

1  atom  water  .         .         .  1-135 


14IS5 

Wlion  heated  the  vatcr  is  decomposed,  and  converts  the  pbos- 
phorotis  into  phosphoric  acid.  The  gas  given  out  is  ahnoat 
pure  hydrogen.  It  bums  with  a  blue  flame,  and  scarcely  afiecti 
the  sohitioii  of  nitrate  of  silver." 

17.  Riphofphite  of  barytes.     Thb  salt  was  obtained  by  KL 
H.  Rose,  by  digesting  the  preceding  salt  in  a  solution  of  pho*- 
phorous  acid.     \V1ien  the  solution  is  concentrated  sufficiently 
in  vacuo  over  sulpliuric  acid,  it  crystallizes  in  small  grainSi 
whose  shape  cannot  be  made  out.     It  is  not  very  soluble  in 
u-ater,   and   yet   it  attracts   moisture   from  the  atmosphere. 
When  lieated  it  gives  out  subphonphuretted  hydn^n  gan 
Its  constituents,  as  determined  by  H.  Rose,  are 
3    atoms  phosphorous  acid      .         7 
1    atom  lorytes     .         .         .         9'6 
3^  atoms  water      .         .         .         2*8125 


19-3125t 

18.  Diphotphite  of  barytes.  It  is  said  by  Dulong  that 
phosphite  of  iKirytes  is  slightly  soluble  in  water,  and  that  when 
the  solution  is  strongly  heated,  pearly  scales  fall  to  the  bottoo, 
which  constitute  diplios])hite  of  barytes. 

10.  Hi/iiophosphite  of  barytes.  A  very  soluble  salt,  whid 
vryxtallizos  with  difliculty.^ 

20.  Arseniate  of  barytes.     This  salt  precipitates  in  bimII 
white  crystalline  plates,  when  arseniale  of  soda  is  dropt  into  t 
solution  of  chioride  of  bar}-tes.     It  is  tasteless,  and  insoluble 
in  water.     Its  constituents,  according  to  Benelius,  are 
1  atom  arsenic  acid     .         .         7'25 

1  atom  barytes  .         .         9-5 

2  atoms  water  .         .         3-85 


190 

*J1.  liinnrsmiate  of  barytes,  TTib  salt  may  be  obtained  hy 
iligttiling  arseninte  of  barytes  in  an  aqueous  solution  of  aiseaie 
u'iii ;  or.  occording  to  Berzelius,  by  dropping  barytes  waW 

•  Rote,  Ann.  de  (1iim.  ct  de  Phyi.  »xv.  8)8.  flbid.  p.  SKk 

t  IhiloiiR,  Ann.  <!e  Chim.  ct  PfajB.  ii.  148^ 
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into  arsenic  aci<l.  till  the  preeijiitate  becomes  permanent.  Ita 
properties  liAve  not  been  examiiietl ;  but  it  contains  water  of 
crystal liziition,  and  Mitchorlieli  hat  shown,  that  it  U  a  com- 
pound  of  2  atoma  arseiiic  aci<l,  and  1  atom  l>aryi«». 

22.  Stihtet^iruJiiatt!  ofharyHn.  lliU  *uilt  m-m  formed  by 
BrntvliuH  by  dig«>iilin<r  nncniato  of  ^It^ytos  in  liquid  ammonia. 
It  is  a  wliif  powdtT,  Marvcly  soluble  in  u'ntc-r,  but  i>ligbtly 
solubli-,  nccordini;  to  Bericdiuti,  in  liquid  ammonia.  This  salt 
W»a  first  examined  by  Lnugier.  Its  constituents,  accordin)^ 
to  the  analyses  of  Lai^er  and  Berzelius,  which  nearly  u^rc. 


1    atom  arsenic  acid 
I^  atom  barytes 


7-2S 


SI '5 

QQ,  DinrKfttiate  of  bart/tftu     When  solntions  of  chloride  of 
rium  and  nnteniatc  of  ammonia  arc  mixed,  this  salt  in  depo* 

sited  in  while,  Hilky,  ta-Htctt-^t  Ncales.     It  is  insoluble  in  wntvr, 

and  oom[>CK4>(l,  according  to  my  aiudysl^,  of 

1  attnn  antcnic  acid        .         725 

2  atoms  barytes     .         .       19 
9^  atOHM  water  36135 

29-0825  T 

24.    Terhorate  uf  iutrt/ttji.     WHien  a  solution  of  borax  is 

lixcd  with  a  liquid  barytes  salt,  a  precipitate  falls,  which, 

'  (tiding  well  washed,  ts  fused  into  a  transparent  glass.     It 

r  tranH|>arent  grey  gliiM,  which  reacts  as  an  alkaU.     Ita 

ituents,   aa    deleroiined    by   Theoard,     Ber^eliiui,    and 

IrarUn,  are  nearly, 

Iloracic  acid         ,         44-2     .     45-1 
Barytes       .         .         55-6     .     54-9 


^V                                          100 

100 

lis  approaches  sufEcieutly  ncsr 

i)  atoms  boracic  acid 

9 

1  atom  baryte«     , 

9-b 

IMIV. 


18-5 
re  little  doubt  about  the  constitution  of  tlie  salt 
(iHiiterlKirfiU  of  Itiiyte*.     Her/elius  obtained  this  salt 
by  mixing  chloride  of  bitrium  with  hU  terborate  of  ammonia- 
He  found  the  precipitate  to  l>c  a  compound  of 


4M 

Nov  tUi( 

Bmnraod    . 
Bmtes 

»^»  *'<^  nearly  to 
1    uom  barrtes 

59«7 

41-93 

100 

13-5 
0-5 

83 

But  tbe  aocnncr  of  these  anlyies  of  the  bontes  cwmot  be 
depended  od. 

2fi.  Saieate  tf  baryUs.  One  part  of  sliea,  heated  with  ^ 
pan  (rf  Iniytes,  ntele  into  a  porous  porceUin  like  slag.  The 
nme  fuaoa  takes  place  wheD  2  <w  3  parts  of  barytea  ue 
employed.  Bat  when  the  quantity  <tf  baiytes  is  4  times  thit 
of  the  sifia,  (or  nearly  an  aunn  of  each,}  the  mixtore  oaly 
nelu  at  the  edges,  and  is  opaque.* 

27.  SekmiU  i^boFyUs  is  a  vUte  powder  ioaoloble  in  vater, 
and  not  altered  by  exptmre  to  the  heat  at  which  glass  metb. 
It  is  soluble  in  the  strong  mineral  acids. 

3du  Bitdenite  ofbanfles  is  obtained  by  dissolving  carbomte 
of  baiytes  in  selenic  add  till  all  effervescence  is  at  an  end. 
It  crystallizes  in  round  transparent  grains.  It  is  soluble  in 
■water. 

29.  Jn/imomiate  t^  baiyleM.  This  salt  may  be  formed  by 
ipiTing  antimoniate  of  potash  with  muriate  of  barytes.  It  it  a 
light  flocculent  white  powder  quite  insoluble  in  water.  It  ii 
not  altered  by  exposure  to  the  air;  bat  nitric  acid  when  boiled 
with  it  slowly  extracts  all  the  baiytes.-!- 

30.  Antimonite  ofbaryUa.  When  antimonite  of  potash  h 
added  drop  by  drop  .to  a  boiling  solution  of  muriate  of  bajytesi 
the  antimonite  of  barytes  crystallizes  gradually  on  the  side  of 
the  vessel,  in  the  form  of  small  white  needles  of  a  sUky  Init- 
liancy.  This  salt  is  slightly  soluble  in  water,  and  is  not  altered 
by  exposure  to  the  air^ 

31.  Tellurate  of  baryfeg.  A  white  powder,  obtdned  tf 
dropping  tellurate  of  potash  into  a  solution  of  chloride  of 
barium. 

32.  Ckronuae  qf  barytes.  Obtained  by  dropping  chloride  of 
barium  intA  bichromate  of  potash.    It  has  a  pale  yelloiw  coloU) 


•  Eirwan's  Mineralogy,  p.  56. 

■f-  Beneliiu,  Nicholron't  Jour.  xxsr.  46.  t  lUd  p.  4T. 
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and  Ls  destitute  at  once  of  bcaiity  and  intenri^.    It  is  tasteless 

and  anliydrous,  and  ooinpo««d  of  ■■.r.- 

1  atom  chromic  acid     .         .         6*5 
1  atom  liarytVA     ...         9*6 

16 

33.  Mol^latf.  oflinrytea.  It  may  be  obtained  by  dropping 
acetate  of  barytflK  into  n  solution  of  inalyb(lat«  of  potatH, 
W'hile  lloc-kN  fell,  which  are  soon  changed  into  ii  cryHtuUine 
powder.  Wh«n  heated  to  reilnetw  i(  t)ecomc«  blue,  according 
I«  Bcnelius.  It  dtswlves  easily  in  muriatic  or  nitric  acid, 
and  by  spontaneous  evaporation  U  depoi>ilod  in  a  Huline  crD<it. 
It  is  insoluble  in  water,  aitd  wemit  to  contain  no  water  of 
eryMolltzation,  but  to  be  a  c<)in]iound  of 

1  atom  motybdic  ;icid  .  9 

1  atom  barytes     ...         9-5 

S4.   T«»giinle  tiftMiriftrx.     A  wliile  Insnlublv  powder.* 

35.  Columbak  af  lietTytrit,  When  liy<!mted  coliimbic  OCtd 
b  digested  in  chloride  of  biiriuni  with  a  little  ammoniii,  it  is 
converte<)  itilu  a  white  powder,  contpotied,  according  to  Ilvrxc* 

I*!  analysis  of 

Coliimbic  acid  .         10  or  23'75 

Baryt<,-s  .        .  4  or    9-d 

14 

It  h  therefore  a  compound  of  I  atom  of  coluinbic  add,  and  I 
I  almn  of  barytes. 

36.  Vraninle  ofbnr^t*.  When  a  mixture  of  peroxide  of 
nnnium,  dL<«otved  in  muriAlic  acid  and  chloride  of  barium,  ia 
precipitated  at  the  boiling  temperature  by  ammonia,  and  the 
precipitate  is  innnediately  waitHcd  on  the  filter  with  boiling 
water,  it  conntitiites  a  mixture  of  ui»niat«'  of  barytes  and 
nnuiiate  of  iimraonia,  which  cannot  be  scpnnitcd.  Wc  obtain 
uraniate  of  luirytcx  in  a  purer  state  when  we  drop  barytes 
water  into  yellow  nitrate  of  uranium,     ll  ia  a  yeltuwi^i  red 

■  powder,  composed,  according  tu  Ik'ReliuH,  of 

K  P«roxi<le  of  urauiiiin  78*^6 

■  Baryl«s  31-194 

■  Prot)*bty  tt  is  A  compound  of 


S(*LV; 


Scheck-'s  MeinoirM.  ii.  MX 


1 


4W  :xT&£V  At^D  lA^n. 

*^^  I  «m  levnot  rf sBomiB  SB 

1  iBja  'uTTVit  ....  94 

379 
97.  JToMwA  y'-f^pt^    Wmb  ta  Miaciiiic  Mid  bnrtn 

»  )idwe.  w>  IK  u  wc;E:»;f  ae  xad  vidioRt  HUMimiiim  nif 
;n«icca££,  Q>t  Aoijnxci  it  ampmst  and  violec  ealonied.  It 
k  anSBJ.  ztc  aLZii«  i«  cewfiin«gd  at  cnasUBed  witbott 

%.  ZtecEa^oitrff  ^  haytu.  TUs  Mh  ««•  obtaiiied  bf 
CWtIIjcs  Ufi  Drnrat,  ct  beanitg;  u  rednoa  eqoftl  parte  of 
Iwmes  i£sA  oe^soxue  e^  aaoeaoew :  and  by  Fraini>hen^  bjr 
njiring  loi  red  iMUai>ixta»  of  2  pans  ctf  nitnte  of  bar^ 
te*.  and  I  p«r;  o<  (leatoxide  of  manganese.  Ilisaliglugreai 
infotiibic  p>]nrder.t 

39.  OialaU  t/baryu*.  'U'hen  ozaUc  add  it  dropped  mto 
iBiTies  water,  a  white  powder  precollates,  whidt  is  "»T*rt''  tt 
buytes.  It  is  iu^id  and  instdnble  in  water.  It  nay  be 
obtained  equally  by  mixing  soIuti<Kis  of  nitrate  or  mnriate  of 
baryies  with  "'■!»'*  oi  amnwaiL  Its  consiitaeniB  seem  to  be 
1  atom  QxaUc  acid  .  .  4-5 
I  atom  borj-tes  9-5 

3  atoms  «-ater  .         .         3-375 


17  375 
I  obtained  ouly  ^-34  water  iastead  of  3-375. 

40.  BimaalaU  of  barytet.  AMien  the  preceding  salt  » 
digested  with  a  solution  of  oxalic  acid,  containing  just  as  mndi 
acid  as  exists  in  the  salt,  we  obtain  binoxalate  of  bai^-tes  ay*- 
tallized  in  small  needles.  The  same  crystals  make  thnr 
appearance  when  oxalic  add  is  dropped  into  concentrated 
mnriate  or  nitrate  of  barj'tes;  but  if  theae  solutions  are  largely 
diluted  with  water,  no  precipitate  appears.  When  the  binoi- 
alate  of  barytcs  is  boiled  in  water,  the  excess  of  add  is  remove^ 
and  the  salt  &lls  down  in  the  state  of  a  white  powder4  The 
constituents  of  this  salt,  according  to  my  analysis,  are 

2  atoms  oxalic  add  .         9 

I  atom  barytes  .         .         9*5 

3  atoms  water  .         .         3-375 


21-875 

•  Froinnihcu,  Schwcigger's  Jour.  ili.  E9I.  f  Hud. 

\  Bagman,  i.  863.    See  bIbo  Fourcroy  and  Vsuquelin,  Hem.  it  Tliutit 
ii,  60.  end  Damcq,  Ann.  de  Chim.  xL  69. 
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4l.  Act/ate  of  baiyles.  This  suit  miiy  bo  formed  by  dis- 
Kolvin^  burytes  or  its  carbonate  in  acetic  acid,  of  by  deoom- 
[HMin;;  the  8u)phuret  of  harytes  by  that  acid, 
iJy  ■I'oiibiDcous  i>vaporatiuti  llio  aectiiU-  crys- 
IhIIizcs  in  fioe  traiuparent  pminalic  rioodli'N. 
The  primary  form  of  tin-  crytitnl  i«  a  'tB'"' 
oblique  niigled  )>rL-<iii.  I  \uivn  <»btaii)ecl  it  crjit- 
tallixed,  as  in  liie  fignri*  in  llie  tnur^ii>,  in 
long  flat  tiv«iil('ii,  ti'miinutocl  by  a  four-«idcd 
pynunid.  M  U  inclined  to  T  at  an  angle  of 
1 1*2'  -15'  by  my  measuremenL  Mr.  Hrooke 
found  it  I  Vy  I'y.  T  on  c  I  found  108»  42'. 
In  Mr.  BiwAe'tt  figure  tie  prism  terminated 
iD  a  bili«dral  Kummil,  and  its  acule  edges  arc 
replaced  by  tungrni  planes.* 

IVnte  saline  bimI  bitter;  it  is  noluble  in 
wot*T,  niid  docs  not  delitiuesce  when  exposed  to  th«  air,  but 
nither  effloresces,  ll  i.t  iloeomposed  by  the  fixed  idkulieH.f  by 
the  alkaline  carbonat<'«,  mid  by  almmt  all  tlie  tutlphatei. 
Hence  it  t»  often  employed  to  detect  the  prcwince  of  sulphuric 
add  in  JHsluttonii.  From  the  experiments  of  Bucholz,  it  ap|H-uns 
tluit  100  of  watrr  .-it  llie  temperature  of  60'  dii^oke  about  88 
of  tliiit  Wl,  and  !)(>  piirtu  when  boiling  hot.  I'lire  alcohol  A't*- 
eotvcs  y^j,  part  of  Ita  weight  while  cold,  and  heiit  Bdiix^'ely 
incTcaseH  tlie  solvent  power  of  this  lit|ui<I.t  lis  constituents 
an  as  follows : 

1  atom  acetic  acid     .         .         S-SS 
I  atom  Itarylea  .  .  9'5 

3  atoms  water  .  .  3-375 


SkIV. 


42.  Lactate  o^  barylt*,  a  gummy  matter,  which  does  not 
crj'^tallize,  is  easily  soluble  in  wilier,  and  doM»  not  delique»ce 
in  thv  uir.$ 

43.  I'ormalr  vf  hartftts.  It  cryHlalliates  in  right  oblique 
fouT-Htiled  prioms,  with  (tnglcs  of  75"  30*,  acconling  to  the 
meiuiiircinent  of  Ucmhurdi.  Tin-  acute  edges  of  llie  prism 
are  often  replaced  by  tangent  j>|jineM,  unil  llic  extremity  of 
the  prism  lenninutcs  in  a  blhvdnd  nunimit  The  taste  of  tlie 
aalt  is  hitter,  und,  according  to  Itichli;r,  it  elll«(reM:e«  when 


•  Alinulx  of  I'hiUiiapliy  (id  neriva),  vii.  9IU. 
t  D^Arm.  Ann.  du  Cliiin.  Ixi.  HT. 
{  BnwoiMol. 


H 


t  BdUngc,  ia.  lOi. 
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■'■^  -  iuy.  is  k  «n-  sad  wm  ai— cphtit :  bm  Gdden  isnam  tU^ 
kM  I  bt'iert:  riu  reaiaii.  It  is  MlaUe  in  foai  pntt  of  odd 
TKcr :  b^ii  !i:«aUW  in  aleohoi.  According  to  ibe  expsioKali 
«'  Rjc«UT,  0<^Im,  and  Ciobel,  it  amaaM  ao  wato'  of  a)»- 
bot  i»  cD^wscd  (tf 
I  auB  fonaic  add  4-G23 

I  aton  baryui  9-5 


14.125 

44.  AfisJZiilf  ofbaryUd,  'N^lieo  meliilic  add  ia  droppediata 
acetate  of  borytea,  a  flaky  prec^tiiate  ^^lean,  wUch  t*  di»- 
uAvtd  by  adding  more  add.  With  muriate  of  barytca  it 
prodaces  no  precipitate ;  bm  in  a  short  time  a  gniip  of  ttana- 
parent  needle-fonn  crystals  is  depoaited,  condating  laaat  likdf 
of  bimellaie  of  banies. 

45.  TartrtOe  afbaryla.  When  cancentiated  siJiitionB  of 
tartrate  of  potash,  and  nitrate  of  barj'tes,  are  miaedt  a  prec^ 
tate  (tf  tartrate  of  barytes  falls  tn  small  granular  cryatak 
They  are  nearly  tasteless,  but  leave  a  slight  saline  imprcsrion 
in  the  mouth.  Water  dissolves  a  very  small  pn^Mution  of 
these  crj-stals,  and  acquires  the  same  taste.  When  heated  they 
lose  no  weight,  unless  the  temperature  be  raised  high  eootigh 
to  decompose  the  add.     Its  constituents  are 

I  atom  tartaric  add    .         .         8*35 
1  atom  barytes  .         0*5 


17-75 
46.  Bitartrate  of  barytes.  Obtained  by  digesting  the  pr^ 
ceding  salt  in  tartaric  acid.  The  bitartrate  is  deposited  iham 
the  solution  is  set  aside  in  right  prisms  with  square  bases. 
Taste  add,  and  reddens  vegetable  blues.  At  the  temperatue 
of  65",  100  parts  of  water  dissolve  1-24  of  this  aalL  Its  coo- 
stituents  are 

2  atoms  tartaric  add  .         16-5 

1  atom  barytes  .         .  9>5 

2  atoms  water  .        .  2-25 


2825 
47.   J^tnote  ^6aryte^  a  white  insoluble  powder. 
4&  BivinaU  of  barytes.     The  preceding  salt  dissolves  in 

tartaric  acid,  and  furnishes  small  crjBtoIs  of  birinate. 

49.  Pyrotartrate  of  barytea.     According   to   Rose,  when 

pyrotartrate  of  potash  is  dropt  into  a  solution  of  nitrate  of 
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barytMr  pyrotarlntte  of  barytas  prcdpitat«g  after  an  Inlervii]  of     *««-v. 

•omr  hours.  

5».  Citric  ofbanitf*.  ^\nii'n  tjarytes  U  nMvA  to  a  solution 
of  rirric  acid,  a  fliiky  pn'oipiHito  nppoani,  wliicli  i*  at  (it*t  dis- 
Bolvcd  n^a  by  i^pUition ;  but  rcmuias  pemmiivtit  wlien  tlic  ■ 

■■lunition  is  complete.     The  citraw  of  Uiryti-s,  thuh  formed,  I 

is  precipilatwi  in  ih«  olatv  of  n  wliile  powder ;  but  it  gradually  I 

•Mwnes  the  apjK-nnuic«  of  wlky  flaken,  or  iorms  n  kind  of  I 

vegetation  very  brilliant  an<l  beaiilifiil.     It  re«|uiros  b  great  I 

qnuitily  of  water  to  di)wolvi>  it.  B 

51.  liieitraic  of  harden.  This  suit  may  be  formwl  by  add- 
ing ciu-ic  acid  to  baryies  water,  till  the  prvcipilutc  ut  first 
llliown  (tuwn  is  again  dissolved. 

52.  J*!/nxilraie  ofkarsfbiM.  \\"Ii*n  pyrocllric  acifi  i*  satu- 
ntUsl  u'iili  barj'tcs  water,  and  the  solution  set  aside  in  ii  cool 
pfaure,  n  wbitc  crystalline  powder  gradually  precipiUiteSi 
wbicli  is  pyrocitiate  of  baryles.  It  is  soluble  in  130  (imex 
ba  weight  of  cold  water,  aiid  in  HO  times  its  weight  of  boiling 
VMer.      Ita  cuiutituuutK,  acvurdinj';  to  the  analysis  of  l-tw- 

le,  arc 

I^rocitric  acid        .         40-9  or  7'43 
IWytcs  .         .         51>-1  or  9>6 


100' 


'  fid.  Maiate  <^  barylet,    A  gummy  nncrystuUiKahlc  mass, 
which  diaaolvM  in  watfr.f 

i4.  BiiHolatt  <{f'  ba/ybs.     It  may  be  obtained  by  dif^csdng 
preceding  salt  in  malic  acid.     It  is  deposited  in  sntuU 
i;  but  little  soluble  in  cold  wuter;  but  easily  soluble  in 
watcr4 

&&,  Dimalate  qfbarffUs.  When  a  little  malic  add  is  dropt 
into  barytes  water,  white  docks  precipitate,  v'hich  constitute 
Ibisaalt.} 

■66.  Pffromahlt  (fbarfftes.  Mlieii  pyronudic  aci<l  id  {wurcd 
Sto  bar)-tcs  water,  white  docks  precipitate,  but  are  a^in  dis- 
•olved  on  addii^  a  lilile  cold  water.  After  fiomi>  hours,  the 
pyroraaUte  of  barytes  attaches  itself  to  the  eidiit  of  tJiv  glass 
veneL  in  sraall  silver  white  scales.  Its  coostitui-nts,  according 
to  L«ssaigne,  ure 

*  Ann.  At  Oum.  ct  At  Plijr*. »).  lOA.  t  Bnooanot. 

*  BrsoHiBOf.  $]Ud. 
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*>■'-  Prromalic  acicl  .         3507 

BaiTtes  64-93 


lOOKH)* 
57.  f  mfMfr  ofbaryks.    A  nltisli  not  crystaltizaUe  mtte^ 

coBretttd  by  heat  into  caHMnate  of  barytes-f 

ad.  yiHeate  of  baryta.     A  vhite  powder  insolnble  m  caU, 

bat  sligbily  soluble  in  boiling  water. 

39.  PpFomtietUe  ofbaryUs.     Small  crystalfl,  not  altered  b; 

exposure  to  the  air,  rather  more  soluble  in  hot  than  in  cold 

water,  and  insoluble  in  alcohol.]: 

60.  Swerimate  efbarytts.  This  salt,  according  to  Bergmaii 
is  difficultly  soluble  in  water.  It  may  be  obtained  by  drap|nig 
ncnnate  of  ammonia  into  muriate  of  bnrytes.  It  putiy  pm- 
cipiiates,  and  is  partly  deposited  in  small  crystals  on  tlw  ddn 
of  the  reseel. 

61.  AiuMifr  <^ban^3.  This  salt  crystallizes,  is  soIaUe 
IB  hot  water,  not  altered  by  exposure  to  the  air,  bat  deeea- 
posed  by  beat  and  by  the  stronger  adds.  Its  taste  is  Intta 
and  sharp. 

62.  GalltOe  ofbarffte*.  It  is  said,  that  when  gallic  add  ii 
mixed  with  bttr^'tes  water,  and  wr  excluded,  white  flocfa  tf 
gallale  of  barjtes  are  thrown  down. 

63k.  KiiMtf  ofbarytfs.  This  salt  is  formed  when  a  solntiaB 
of  kinaie  of  lime  in  alcohol  is  mixed  ivith  a  solution  of  chl^ 
lide  of  barium  in  weak  alcohoL  The  predpit^e  being 
(tij«olved  in  weak  alcohol,  furnishes,  when  concenlnted  suffi- 
ciently, regular  octahedrons-  When  these  crystals  are  exposed 
to  the  air,  they  become  opaqDe.§ 

64.  Mramatt  of  bartfitt.  According  to  Sertumer,  diis  nit 
is  scarcely  soluble  in  n-ater.  But  Kobiquct  affirms,  that  thii 
little  solubilil)'  is  owing  to  foreign  matter  with  which  the  alt 
is  usually  mixed. 

65.  JkJffate  of  hart/tes.  This  salt  contains  an  excess  of 
acid,  cr^-stallizes  in  white  plates,  and  ia  but  little  wduUe  ■ 
water,  or  even  in  nitric  acid.  When  thrown  on  a  plate  rf 
red  hot  iron  it  burns  with  a  red  flame  and  remarkable  sdnt^ 
lation.  leaving  carbonate  of  baryte9.|| 

66.  Citm/tboraff  (fbarj^s.     This  salt  may  be  (Stained  by 

•  Ann.  de  Chim.  ct  de  Phfs.  xi.  93.  f  BracODDoC 

t  HoutOD  L^iillardiere. 

$  Ileno'  and  PlUson,  Add.  de  Chim.  et  de  Phys.  sii.  3£9. 
I  BnconiMM.  Add.  de  Chim.  Isxx.  S70. 
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Ig  cartwnnte  of  tKuytvs  in  an  cxceas  of  camphoric  Bcid. 
n  the  solution  U  siifEcicntly  conceDtrated,  the  camphorate 
ptwilcil  in  whiu-  plutcti.  By  spontanean'4  i?v:ij>oration  it 
bv  oliuini'd  in  MtiiiU  pmmutic  cryalaU.      It  luL'i  a  saline, 

bund  hot  laotv.    At  Uic  temperatun>  of  39%  1 00  parts 
di^ulvoit  55-t^  [Htrts  of  tliu  salt.     Its  constitueuts,  as 
Kil  1))'  M.  Uudolph  Rnindes,  are 
I    atom  cemphoric  acid 
1    atom  barytcii     ,         .         .         9-& 
3^  atoms  wati-r      .         .         .         8-937& 


SKt.< 


I3-4375* 
Stiberate  qf'lxiiytM.     This  salt  may  hi;  fonni-t!  by  hoil- 
kt«  of  bar^'ti-s  in  u  onliition  of  subrriu  iiciii.     \\'heii 

iiukl  b  concentrated  Ui<-  itulK-rult;  falls  down,  partly  iu 
•,  and  partly  in  powder.  It  u  dratitule  of  tiutv  and 
\,  When  hrnlcii,  it  mel(«,  and  is  dcstroyiNl  by  a  Kufli- 
ly  high  tfm[<erntKro,  lv«vinf(  carbonate  of  baryU'S.  lOO 
i  of  lM)ilinir  u-utvr  di».->«lvc  0  parts  of  this  salt,  and  it  is 
k  ItiM  soluble  in  cold  HDler.  From  Bnuidt-s'  IrinlH  it 
Ifs,  thatiit  59",  100  parts  of  wdUt  dissolvi;  only  1-3  {>arta 
e  salt.  It  «e<,*nu  to  contain  no  water  of  cryslulliuilion.f 
L  StraraU  of  UiryU*.  To  form  tbiH  nail,  heat  barytes 
C  to  the  boiliM(r  temperature,  and  tiller  it  while  hot  into  a 
biw  Willi  a  lon^  neck,  containing  stearic  acid  and  boiling 
r.  .  Boil  for  two  hours,  tlien  stop  up  the  mouth  of 
Datraas,  and  when  cold  decant  off  the  barytes  water,  and 
I  the  stearate  with  boiling  water.  Finally,  digest  it  with 
kol,  to  remove  the  excess  of  stearic  acid.     The  stearate 

formed  id  a  whit«,  insipid  powder,  which  melts  when 
kd.t 

\,  Harffarale  (jfbaiyfrs.  It  may  be  pn-parttd  t>y  tlie  same 
las,  and  is  similar  in  tts  properties,  to  ntearale  of  iKtryU-K.} 
i,  PAm-eMfl/c  <•/"  Irarjftin,  To  obtiiin  this  niIi,  neutralize 
feet  water  will)  phocenie  acid,  and  allow  the  solution  to 
omte  spontaneously.  The  phocenate  crystal lixe:<.  The 
bis  are  large  transparent  octahedron*,  easily  r(-<luce4t  to 
|er.  It  has  no  smell  when  pure ;  hut  when  kept  moist  it 
ftrtiatly  decomposed,  and  the  phocenic  acid  disengaged 
rys  a  smell  to  tlie  surrounding  atmosphere.     Its  taste  is 

t  Schwcigga'*  Jour,  ixxtni.  SD3- 
'  Braadai,  Sohwcjggcr'i  Juiir.  xxxiii.  38- 

,  sur  lea  coipi  gnu,  |i-  !t3,  i  Ibid.  p.  G7> 
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cirnL  dot,  sharp,  alkaUne,  sweetisli.  It  reacts  sightly  u  an  aftsH 
on  reddened  litmus  paper.  At  68°  wat«r  diaulTes  its  own 
weight  of  this  salt     It  is  not  sensibly  deliquescent.* 

71.  Butt/rate  of  barytea.  When  barytes  water  is  satmited 
with  butyric  acid,  and  the  solution  sufficiently  cbncenliated, 
bntyrate  of  barytes  crystallizes  in  long  flat  priamB.  It  Im  • 
strong  smell  of  iresh  butter.  Its  taste  is  alksJine  and  bo^  wilk 
the  flavour  of  butter.  At  the  temperature  of  50",  100  part>  of 
water  dissolve  96-07  of  this  salt.  Alcohol  diisolres  it^  but  die 
salt  appears  to  suffer  a  partial  decomposilioD.t 

72.  Ohate  of  barytes.-  This  salt  may  be  formed  by  hmloa% 
barytes  water  with  oleic  acid,  in  the  same  way  as  steaiate  of 
barj-tes.  It  is  white,  insipid,  and  destitute  of  smell,' insduble 
in  water,  but  slightly  soluble  in  boiling  alcohoLf 

When  digested  in  oleic  acid  it  is  dissolved.  When  tfce 
proper  proportions  are  employed,  a  binoleaU  is  formed,  wU^ 
dissolves  in  alcohol,  and  reddens  litmus  paper. 

73.  Caproate  of  barytes.  This  salt  may  be  prepared  in  tk 
same  way  as  the  butyrate.  It  crystallizes  in  hexagonal  phtn 
While  moist,  they  are  very  brilliant;  but  when  exposed  to  the 
ur,  they  effloresce,  and  assume  the  appearance  of  talc  At 
50%  100  parts  of  water  dissolve  8-02  of  this  salt.  When  die 
solution  is  kept  in  a  temperature  of  86°,  the  salt  crystalliMaiB 
needles^  It  acquires  the  smell  of  caproic  acid  when  kejit 
motM,  uud  ex}N>sed  to  the  air,  obviously  from  decompodlioa. 

74.  Caprate  ofbariffes.  It  may  be  formed  by  beutializiog 
barytes  water  by  favdrated  capric  add.  It  crystallizes  in  bril- 
liani  M-ales.  having  a  fatty  lustre.  Its  taste  is  weak  and  aDtt- 
line,  and  bitter,  with  something  of  the  flavoor  (^capric  adiL 
.\t  6S-'.  loo  parts  of  water  dissolve  half  a  part  of  this  miL 
Whon  the  solutinii  is  left  to  itself,  the  salt  undergoes  apCBla* 
BtH^us  decomposition.  M'heo  distilled,  it  leaves  a  reridne  rf 
carboiiato  of  har>-tes.  while  smne  carbonic  acid  and  carburetttd 
hrdn^ii  are  evolved,  and  a  yellow  liquid  distilled  orer.l 

75.  VMnMrrtOt  of'  baryte*.  A  red  powder,  destitute  of 
lasio  and  smell,  and  ver\'  little  soluble  in  water.^ 

7fi.  Pituttt  <y'  boryte*.  Resembles  in  appearance  prec^ 
tntml  barytes :  but  when  d^ested  in  boiling  water,  it  coocretM 
into  «  por\His.  resinous  looking  mass.     It  is  insoluble  in.ako- 


*  ilirvrtuL  *ur  It*  eorj#  ftw,  p.  I(U.  t  HmL  p.  IMk 

t  ltiij.|v!)1.  $lbid.p.13ft.  IIM-ihlfe. 

1  IVlktkr  MBil  t.'^YMtiw,  Aon.  de  Cbio.  et  de  Pfayi.  vi  401. 
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hal,  and  scored)'  soluble  in  an  alcoholic  solution  of  pinic  acid; 
but  it  ditHolvea  rearfily  iu  etlier." 

77.  SUcate  ofbar^t».  Tliis  salt  may  be  obtained  by  doable 
decom portion,  by  mixing  solutions  of  silvate  of  ammonia  and 
of  u  hur)'ti3M  Rait.  It  dissolves  in  5000  times  it«  wi^igbt  of 
H'atcr,  in  (>  timeti  iu  weight  of  absolute  alculioli  and  it  i»  still 
Bor*  soluble  in  tluit  litpiid  when  boiling  hot.  On  cooling,  it 
pro«pitiit<^  in  whitp  flvcks,  whicli  are  Nolublc  in  ctlior.f 

78.  Cnrbazatule  -j/"  baryUn.  It  may  be  obtained  by  mixing 
c&rbonatc  of  barytcs  and  ciirbiizotic  acid  with  a  quantity  of 
wat4-r.  It  cryKt»lli/.i>  in  foiir-Kidcil  prinins,  having  a  dark  eol- 
our,  and  Is  difficultly  soluble  in  water.  When  heated  it  melt«, 
■nd  is  dccomptiscd  witli  a  ver)*  loud  explosion,  witli  a  y«lloir- 
uh  and  very  brilliant  flame.  Tbw  explosion  is  not  inferior  to 
that  produced  by  fulminate  of  silver.  J-'rotn  tbo  imnlyitiM  of 
Liebeg,  it  M«fns  when  cryiitallized  to  bo  a  compound  of  1  atom 
anhydrous  autwzotattf  of  biiryti-s  and  8  iitoms  water.^ 

79.  /ttilit/tiialt  (ifltarytrtc  Whvn  we  form  this  salt  liy  «atur- 
atii^  indifroiic  ncid  with  rarboiiato  of  barytes.  vre  do  not  obtain 

feneut^Hl,  there  is  altvays  u  portion  of  di-indigotate  fonned  ftt 
t  Muna  rime.  Wfaflii  ammonia  is  poiired  into  a  solution  of 
is  aUt  ■  yellow  powder  precipitates,  very  little  soluble  in 
WBt^r*  whether  cold  or  hot.  M'lieu  heate<l,  it  bums  with  a 
slight  detonation^  and,  according  to  the  analysM  of  Buff,  is 
cou)pos«<l  of 

I    atom  indigotic  acid, 
^  fij  atomH  tiarytefl.} 

BSO.  UraU  t^barsfltt.     A  wliite  powder  scarcely  distingnish- 
^Ue  from  uric  add. 

t*i.  Pi/ruriile  iif  barges.  A  wliite  powder  very  little  soluble 
in  ootd  water.  [1 

63.  Anpartaif.  of  liart/tet,  A  friable  man  composed  of  small 
white  opaque  cryittals,  liavJng  tlie  taste  of  an  aspartate  without 
bitlrrneas.^ 

S3.  .illratiMitf.  iif  l>ttryU*.  It  forms  small  prismatic  while 
neadles.  It  baa  an  acrid  laflte,  is  soluble  in  water,  and  is 
readily  dccumposcd  by  ^ilphuric  acid.*  * 

B4.  SHlpAm-iiHite   of  bnryies.     \'ogel   formed  litis  salt  by 

•  Unvcnlorbcn,  PoixciKlorTii  Annalcrii,  li.  £32.         t  ">'''■  P-  ^Mk 

I  Licbi^  Ann.  dc  Chim.  ct  Je  I'byi.  xxxr.  63. 

f  Ana-  de  CUao.  tt  de  Pbjs.  sli.  117. 

I  ChcvBlliff  and  Lumsigne,  ibiil.  siii.  lOO. 

^  PlitsuD.  ibid.  xl.  313.  *  *  LnMnixnc,  itiid.  »ii.  307. 
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ike  midne  lemunin^  after  the  prepantm  of 
K^'Ax^  fJntr  TT^  barnes.  The  filtered  M^adon  set  ank 
•  afier  Miv  cmenitnued)  in  a  flat  porcebun  diab,  gnduilly 
depasied  en^ak  ot  saipboTiuale  of  barytea.  Tk  cryttdi 
a-e  DWK|an>nt  pn<iBs.  not  altered  by  exposure  to  tfce  air, 
T^T  are  rerr  *oiabie  in  vaier,  but  rerv  sHghtljr  so  io  abnlvle 

S».  S»fyJtMttpJUkaL^  of  bfzrytts.  Mr.  Faraday  obtaiMd 
nro  nencal  suIplMoaphthalaies  of  barytea,  vhieh  ke  diitii>- 
^ni»bed  by  the  naates  ai  jiamimg  and  ghitiitg  salta,  from  the 
modie  in  Thkb  they  bum.  They  are  formed  by  rubbing  o^ 
hornet  ot  iwyies  vith  salpbonaphtfaalic  acid,  and  diasolnig 
dbe  all  io  wer.  The  faming  salt,  obtained  by  dow  evapofr 
tioo.  forms  toAs.  which  are  imperfectly  crystalline.  Wlua 
deposited  rapidly  from  a  h«  aolntitm  it  forms  a  soft  gnnshr 
mass-  Wh«D  dry.  it  is  white  and  «of^  and  is  not  altered  \if 
esposore  lo  the  air.  It  has  a  bitter  taste,  is  readily  sdnUBii 
water  and  alcohol,  but  insoluble  in  ether.  When  heated  m 
platinum  foil  it  bums  with  a  bright  smoky  flame  like  naphd»- 
line.  Wlten  healed  above  500°  naphthaline  may  be  aepnted 
from  iu  When  burned,  if  leaves  a  mixture  of  dtareoal,  h1- 
phoret  of  barium,  and  sulphate  of  barytes.  It  ii  not  altenJ 
by  nitric  acid,  nitromuriatic  acid,  nor  chlorine. 

The  ghving  sulphonaphthalate  was  obtained  after  the  O^ 
dissotred  portioD  (from  digesting  carbonate  of  barytes  andsil* 
phoni^thalie  acid)  had  been  repeatedly  washed  with  vater. 
After  the  ^tk  washing  the  salt  dissolred  is  chiefly  the  gtown/ 
kind.  It  is  obtained  by  en^ntion  in  small  crystalline  gnopl. 
The  crj-slals  are  prismatic,  colourless,  and  tmnsparent.  Hief 
are  almost  tasteless,  and  much  less  soluble  in  water  than  die 
other  salt.  The  solution  in  alcohol  is  neutral  When  heated 
on  platinum  foil  it  bums  like  tinder,  leaving  a  carbonaeeoH 
mixture  of  sulphuret  and  sulphate.f 

86.  f'egetosulphate  qf  barytes.  A  gummy  like  matttr*  ray 
soluble  in  water.  ^ 

87.  SimapfUe  t^batytea  forms  sometimes  small  needles  wiadk 
effloresce  in  the  air,  sometimes  a  mamillated  mass.  It  is  my 
soluble  in  water.§ 


•  Vogel,  Gilbert's  Aniulen,  Ixiii.  91. 
■f  Faraday,  Annals  of  Philosophy  (2il  aeries),  ui.  906, 
i  Braconnot,  AnD.  de  Cbun.  et  dc  Phys.  xiL  186. 
$  Httuy  and  OaroL 
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SECTtOW  TI.— SAtTS  OP  STIIONTIAN. 


Tlie  salH  of  strontian  are  in  general  more  soluble  than  chuKtcn. 
]t«  of  har)te<).  Iiut  U'm  m>  tliuii  the  Kiltis  of  lime. 

i.  Tlie  grcuter  number  of  ilu'in  um  <!ji]>»ble  of  tiMuming  a 

stullizcd  form,  thoiifcb  Ui<>y  arc  nol  more  given  to  i^stallizc 
than  the  saltn  of  l>iir)-tctf. 

&  Solutions  of  slrontian  are  pr«cipitatcd  by  tlic  §ulphale!t, 

pKau-H,  and  oxalates. 
1 4.  Wc  can  distinguiah  a  salt  of  stroatian  from  a  sialt  of  ba- 
|ft«*»  by  means  of  suceinate  of  ammonia.  When  we  drop  this 
salt  into  B  solution  of  a  suit  of  utrontiaii  no  precipitat<>  fulls; 
■Bt  a  precipitate  immediately  appears  if  we  drop  it  into  a  salt 
VTbarytes. 

S.  When  a  pieee  of  j>nper  dipped  into  a  solution  of  a  Rait  of 
strontian  is  set  on  fire,  it  biirrii*  wilh  a  red  flame.  Hut  if  it  be 
dipped  iiito  a  salt  of  barylet,  or  of  lime,  it  burns  witli  a  yellow 
dame. 

G.  ^^^le^  a  current  of  fluonilteic  add  gas  u  pa««ed  through  a 
M>)uiiou  of  strontian  in  muriatic  add  iio  precipitate  falls ;  but 
Hien  tJie  same  guH  U  pik-cved  thrutigli  a  solution  of  bary(e«  a 
precipitate  immHiuitely  fnlU. 

7.  &lts  of  ntroittiun  are  not  precipitated  by  pnissiate  of 
potiali. 

m  S.  Sslta  of  »trontian  arc  not  poi«0D0U*,  as  is  the  case  with 
KltM  of  liarytes. 

H  I.  Sulftinite  of  strontian.  'J'hls  mineral  esi^t^  in  conflict  erable 
^UontitivK,  must  commonly  in  tlic  new  red  itandHionc  formation. 
Sometimes  in  umorpbous  masses,  but  more  commonly  foliated 
or  cry»udli/cd. 

The  primary  form  of  the  crystal  is  a  ri|rht  rhombic  prism, 

^  faces  of  which  meet  ot  angles  of  104«  and  76°.   'I1ib  i*  the 
e  fi^re  as  sulphate  of  bary tett,  from  which  it  differa  by  about 
2"  '2W  of  ^eater  obliquity.     It  aif<-cl«  (he  *»inc  modifications 
a*  sulphate  of  barytes.     Tasteless,  translucent,  or  almost  tnui»- 
iaX,    Lustre  vitreous.    Specific  gravity  about  3'HG.   Colour 
ben  pure,  white;  but  it  has  usually  a  blue  taiit,  on  whidt 
tut  it  has  received  the  name  of  cwlestinc.     It  is  said  to  fuse 
I  a  high  heal  into  a  gloss.    Not  sensibly  soluble  in  cold  water. 
t«  sud  to  be  soluble  in  3B40  dmes  its  wc^lit  of  boiluig 
%rnfor.     It  dissolves  in  concentrated  sulphuric  &t\A,  nn<I  is  prc- 
dpiiai^d  when  tlie  acid  is  diluted  with  water,  as  was  first 
1  by  Dr.  Hope.     Its  contitituentH  are 
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1  atom  solphuric  add   .         .         & 
1  uom  stroodin  .         .         6*6 

11*5 

-2.  Si^ikae  fiftbm^tm.     A  vfahe  tntri«n  powdtr.acaredf 
■rioble  in  vwrr,  utd  wlteD  expoeed  to  the  air  giadnally  dwfed 
into  solpkatf.     It  b  anhrdrous,  and  canpOMd  of 
I  atom  9til[rfiiirDas  atid  4 

1  atom  strontian  04 

Z.  Hgponiptate  (/tirmtitm.  When  a  aolutioii  of  nljAiint 
of  strontiaii  is  exposed  to  tlie  air  for  a  fiev  dbys  H  becmM 
coEoorlese,  some  sulphur  and  carbonate  of  strontian  befaig  de* 
poMtnL  When  tfab  depooite  is  reaored  by- tW  filter,  the  dear 
liqmd  ;-ieId»  by  eraponition  fine  trm^Mrent  rhoBboidal  oynb 
•onewhai  fiattened.  These  m-^&kare  not  altered  by  lApuwH 
to  the  air  at  the  temperature  of  77°,  but  at  132°  they  cffloiwti 
like  sulphate  of  lime  when  calnned.  They  sdll  oonfiuine  nil- 
altered,  excepting  the  loss  of  their  water  <^  cryBtallunrtioiL  At 
the  tempeiafnre  of  50°  water  dim^es  the  ntAt  part  df  iM 
weight  of  this  salL* 

Mr.  Hetschell  formed  dus  salt  by- poasing' a  carreM' Sul- 
phurous acid  through  sulphohydrate  of  strontian.  Its  tCM 
is  purely  bitter.  It  dissolres  in  about  1|  time*  its  v^bt 
of  hot  water.  It  is  insoluble  in  alcdioL  It  disMilrea  cUoMH 
of  silrer  with  great  facility.  When  heated,  it  beeorievlrhitc^ 
without  losing  iti  figure,  and  bums  with  a  very  binC  fl— f 
Its  constituents,  according  to  the  analysR  sf  Qky-Yjaamt,  M 
3  atoms  hyposulpburous  acid  10 
t  atom  strontian      .  8-d 

5  atoms  nter  .  5*635 
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4.  HjipoxmlpHate  of  ttrtmtkm.  This  salt  OHiy  be  ttOmai  m 
the  same  way  as  hyposulphate  of  barytes.  The  crystals  ate 
dodecahedrons,  composed  of  two  sis-nded  pyiamidB  iq^Jirf 
b«se  to  base ;  the  lace  of  one  pyramid  is  inclined  to  the  cor- 
responding &ce  of  the  other  at  an  angle  of  about  130°,  and  tba 
I4>ices  of  the  pynunids  are  truncated  very  deep,  bo  a>  to  eoD- 
vert  the  cr)-stal  into  a  six-sided  table  u-idt  bevelled  edges. 
This  salt  dissolves  in  1  -5  times  its  weight  of  boiling  water,  mi 
•  OBy-Luraac,  Ana.de  Chitn.  Iuxt.  199.    i  Bdin.  Phi)oG.Jaar.Lia 
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In  4-5  tliBM  iU  weight  of  water  at  60".     It  boa  a  bitter  tosttr    '«^^'- 
is  not  altered  by  exposure  to  the  air,  and  when  lieateil  dccro- 
pitatea  feebly.     Acoonlin^  to  tlie  onutysis  of  Heeren,  it  is 
oompoaedof 

1  atom  hypoNulphuric  acid     .         9 

)  atom  ^tTuntiao  .         .         6<5 

4  Dtonis  water       ...         4-5 

20' 

5.  Anhifdroua  nitrate  qfntroutiaii.  Thin  ^alt  wati  fint  formed 
by  Dr.  Hope;  it  was  afierwanltt  examined  by  KUiprutli  uid 
Pelletier;  but  the  moKtcompletc  description  of  it  wait  piiblixlied 
by  Vauquelin  about  the  em)  of  the  yexr  I7d7.f  It  may  be 
prepared  either  by  iliK^otviiig  carbaiiato  of  strontiim  in  nitrio 
add,  Of  by  dccumpoKiDg  sulphuret  of  strontlnn  liy  means  of 
UiBt  acM.  The  solution  is  to  l)e  evaporated  to  dryne&s,  redis- 
•olrrd  in  water,  and  evaporated  slowly  till  tlie  salt  crystallizes. 

Nitrate  of  strontian  cry^tbdlizcs  in  regular  octahedrons  or 
cab»«ctahedron«.  It  ia  perfectly  transparent.  Its  biitlrc  i* 
adamantine.  It  bas  a  Htrong  [iun);cnt  cooling  titKto.  It»  "pe* 
cifie  gmrity  is  3-006.  Il  is  soluble  in  its  own  weight  of  water 
at  the  temperature  of  GO",  and  in  little  more  tbaii  luilf  its 
weight  of  boiling  water.  It  i%  imoluhle  in  alcohol.  It  is  not 
altered  by  expoKun-  Ut  the  air.  It  dvlliignittfs  on  hot  coaLt 
HubjecUNi  Ui  heat  in  a  crucible,  itdvcrepiintt^gently,  binI  tlica 
aallM.  In  a  red  heat  it  boils,  and  the  acid  in  dissipated.  If  a 
ibusdble  substance  be  at  this  time  brought  into  contact  with 
{t,  a  deflagration  with  a  very  vivid  red  ft'tuie  is  prodtti'od.]:  It 
is  by  meaii-t  of  tins  dccompoxiiion  that  strontian  is  obUiined  in 
the  grcAtCKt  purity.  When  a  crystal  of  nitrate  of  strontian  is 
put  into  t)ic  wick  of  a  candle,  it  communirales  a  beautiful 
{)urpie  flame. 

Its  constituents  are  m  follows: 

1  atom  nitric  add       .        .        0-75 
1  atom  Mrontian  •         •         6-5 


I 

I       altei 

m  Hub, 

KcmD 


I 
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6.  IIj/droHn  nitrtitf  tf^  strontian.  ^VHien  an  aqueous  solution 
of  nitnit*.-  of  strontian,  sulTiL-ioitly  eoncentrated,  in  set  aside  for 
CT^^stallization,  cryslalit  of  hydratcd  niintte  of  hlrontian  are 
•onetinea  depoeited.     Tbcsc  crystals  are  transparent,  luive  a 

*  HecrcB,  PaggfttAotf't  AnnnUo,  vii.  177. 
f  JouTi  dc  Mia.  An.  vi.  T.  |  IIopc,  1-Uin.  Trans.  It.  IS. 

i[.  2  K 
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fitraous  hutie,  and  ipeedOy  effloresce  wlien  exposed  to  dw 

sir.  The  crystals  are  obliqae  rltombic  I»ims 

M  represented  in  the  ma^in.     TbefbUowing 

measurements  were  made  by  Mr.  Braokb 

P  on  M  or  M'  103>  40';  M  im  M'  66°  SO*. 

The  ed^^  g  are  sometimes  replaced  by  onc) 

I  or  even  two  planes,  inclined  to  M  and  If 

I  respectively  at  angles  of  150°  10'.     Tboe 

two  new  planes  are  iodined  to  eadi  otherit 

an  angle  <^  126°.* 

When  this  hydrwis  salt  is  heated  it  melts  in  ila  water  ti 
nystallizatimi.     Its  constituents  are 

1  atom  nitric  acid  .         6*75 

1  atom  strontian  .         6-5 

4  atoms  water     .         .  4'5 
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7.  CUorate  of  strontian.     This  salt  was  prepared  and  paii- 
ficd  by  Mr.  Chenevix  by  the  same  processes  as  the  chloride  d 
strontiaii,  with  which  indeed  it  agrees  in  most  of  its  propertiei: 
It  is  deliquescent,  and  more  soluble  in  alcohol  than  cUorideof 
of  strontian.    It  crystallizes  in  needles,  which  melt  in  the  mou^ 
and  produce  the  sensation  of  cold.     On  burning  coals  it  fiisn 
rapidly,  producing  a  beautiful  purple  flame.      Its  constitaaih^ 
according  to  the  analysis  of  Chenevix,  would  seem  Ut  be 
1  atom  chloric  add    .         .         9-5 
I  atom  strontian        .         .         6*5 
5  atoms  water  .         .         5'625 


8.  Jodate  of  strontitm.  This  salt  is  obtained  in  the  same  vty 
as  the  preceding.  It  forms  small  crystals,  which,  when  viewed 
by  the  microscope,  appear  to  be  octahedrons.  One  hundretl 
parts  of  boiling  water  dissolve  0'73  of  this  salt;  100  parts  of 
water  at  59"  dissolve  only  0-24  of  it.  It  contains  water  of 
crystallization.  When  e^tposed  to  heat  it  exhibits  exactly  the 
same  phenomena  as  iodate  of  barytes.^  Its  constituents  are 
1  atom  iodic  add       .  20-75 

I  atom  strontian        ,         .  6-5 
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•  Annsli  of  Philosophy  (Sd  uriu),  riL  S6S.  f  Phil.  Tniw.  IBM. 

X  O^LuttSC,  Ann.  de  Chun,  xci  B4. 


8ALTS  OF  STAONTIAK. 

9.  Carh(malfnf  ttrtmtian.   This  salt  i^xKtsnntirc,  but  so  fiiru*    *««■'"- 


I  know,  not  ui  n  slati?  of  piirily.  It  U  easily  formed  by  pouring 
ui  alknlinr  mrboiinte  into  a  solution  of  tiilraie  of  &trontinn.  A 
wliile,  tasteleiM,  iusoliibte  iMwder,  liill«,  wliicli  is  carbonate  of 
■trondan.  According  to  Dr.  Hojic,  it  roqiiin^,  lA.IB  piirU  of 
hoilin^r  water  t«  dissolve  it,"  Its  upocific ifravity  is  sibowt  Ji"6H. 
It  iitnotiilt(Ti-d  by  exposure  to  the  air.  Whi-ii  strongly  bealed 
in  a  miciblr,  it  loses  part  of  its  acid,  and  this  decomposition  \% 
GwHlitalod  by  making  it  into  a  paste  with  charcoal  powder. 
According  to  SauMure,  it  moltA  into  a  transparent  gliuw  at  the 
tinpersture  of  226"  Wedgewood,-)-  When  thrown  in  powder 
on  burning  coals,  it  produces  rod  !^rks.  It  U  nnltydrous,  and 
ia  composed  of 

1  atom  curbonic  acid  .         .         3-75 
I  atom  strontian  .         .         0-5 


9-25 
en  dried  in  llie  0|>en  air  it  retains  about  8  per  cenL  of 
water.     This,  which  amounts  to  about  *t]is  of  an  atom,  is  pro- 
bably merely  hyfironictrieal  water. 

At  .Strontian,  in  Argyleshire,  there  are  two  varieties  of  car- 
bonate of  alrontian,  one  of  which  has  a  light  green  colour,  an<I 
the  other  is  hrown.  The  green  is  a  eoni]iiiiind  of  It)  atoms 
carbonate  of  stntntian.  and  I  atinn  carbonate  of  lime,  while  the 
brown  is  a  rompoimd  of  8  atoms  carbonate  of  strontian  and  I 

*ainm  carbonate  of  lime. 
'Hie  carbonate  of  stroiitian  is  ulightly  soluble  in  water  im- 
pregiuited  with  ciirbonic  acid.  No  doubt  the  solution  consists  of 
_  bicnrbotiaie;  but  tlii^  !^lt  can  only  he  obtained  dissolved  in  n>ater. 
H  10.  Phwptiote  nf  xtrinttian,  A  white,  tasteless,  insoluble 
powder,  which  fuM-s  hefure  the  blow-pipe  into  a  white  enamel. 
^^Ita  constituents,  no  iloiibt,  nrc 
^M*  1  nlnm  phosphoric  acid  4*5 

^^^b  1  atom  struntictn  6-5 

It  would  appear  from  tJie  nnalysia  of  this  salt  by  Stromeyer, 
that  it  Homeiimi-s  rontains  an  excess  of  stroniian  amounting  to 
}tb  of  un  atom. 

1 1.  When  the  last  species  is  dissolved  in  plmNphoric  acid  a 
biphoi^hate  of  strontian  is  formed,  which  has  not  hitherto  been 
particularly  examined. 

•  ilope,  Tnuu.  Gibn.  iv.  9.  f  Jour,  de  Ph)-*.  kIt.  84. 
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IS.  PhaitphiU  «^  ttrOHtian.     This  talt  mny  b«  obtaiiin)  by 

mixin;^  chlorule  of  stroudan  witli  a  watory  wlution  of  diloridt 

of  pliosplioriiM.     It  U  iili^btly  mlubte  in  u'ater,  and  crystalltM 

when  (be  solution  is  cxpoitcd  W  9))onlan«oii!i  e  vii|ioniti»n.  M'liea  , 

hrnteil,  phosphatv  of  Htroiitinii  h  formed,  wliile  pliospUuratteAj 

hy<lr()|2;en  gas  is  drivt-ii  off,* 

|:\  Iltiiiopho»]>ltitc  of  ulrtmtian.     A  v«ry  solultle  salt,  wUck' 
crystallixes  with  difficulty-f 

14.  Ar*ruiate  of  gtrontian.     Wlicii  Kolutions  of  nicrat>^  ui 

HtTontian  und  arovniale  of  Hoda  in  atomic  jiroportions  arc  mixed 

togetlter,  noiminvdiiitt'  prccipitAte  &lls;  but  when  tlie  Hoiulioo 

is  del  aside  for  '2A  liours  ar»eiiiute  of  strouttau  io  depoMied  in 

Bmail  crv^tids  on  the  sides  of  the  vessel.     Thpse  crystals  utt 

very-  miiitit*!  rectangiiliir  foiir-sidcd  priNini,  dv^titiitr  of  tulf^ 

and  not  acting  on  vogelable  blue«.     100  parts  of  water  at  60* 

dissolve  0-'i84  of  iIiIh  salt.    Its  constituents,  by  my  analyus,  tat 

I  atom  urHonii;  acid     .         .         7-25 

I  atom  ilronliun  .         .         6-5 

8  atoms  water  .         .         9'0 
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15.  Tl)e  arseniato  diRsolvca  in  arsenic  acid,  anil  doi^tloi 
forms  a  bittargeniaie  whicl)  bus  not  been  examined. 

16.  Borate  qfstrontian.  This  suit  !i<is  only  bevn  fomcdby 
Dr.  Hope.  It  is  a  white  powder,  soluble  in  about  130  pcrH 
of  boiling  water.  The  soluttoii  turns  the  syrup  of  violctt 
g«en.t 

17.  SUicnlf  ff  ulrtmtian.  When  silica  is  heated  witb  dirtM 
itewvi^ht  of  strontian,  a  gray  coloured  cohering  mass  is f^tainedi 
almost  destitute  of  tast«,  rery  tittle  soluble  in  water,  but  readily 
diBBoUnng  in  aqueous  solutions  of  the  acitU,  which  do  not  fona 
iosoluble  salts  with  s[rnntian.§ 

18.  SdtHite  (f  stronHoH,  The  neutml  selenite  b  a  white 
insoluble  powder.  Bisclenite  is  obtained  by  dissolving  carbo- 
nate of  stiontian  in  selenious  acid.  \\'hen  slowly  evaporated, 
the  stilt  is  deiMMiled  in  the  state  of  a  white  crust,  vorj'  diflScuIllf 
solublo  in  n-ater,  even  at  a  boiling  tcm|)craturL>.  WJien  hrated,  _ 
il  melts,  gives  out  it«  water  of  crj'Htalliiuition,  sh'cIIs,  and  fomii  ■ 
B  porous  moss,  from  which  tlie  beat  gradually  separates  tlit 


•  DuIoRgi  Nlitherlich,  Ann.  de  Chim.  et  du  Chyi.  xxxv.  Itt3. 

t  Ihiloog,  Ann.  Je  Chbn.  et  Hijs.  ii.  U3. 

t  Uof)«t  EJin.  Tnuw.  iv,  17.  5  Vauquelin, 
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exoea  of  acid.     The  neutral  sclciiitc  doe«  not  liquefy  when    s»*-  *"'• 
hented.*  ' 

19.  ChromaU  of  strotdian.  This  snlt  is  prccipihitcd  «-hcn 
•olcitioiis  of  chromute  of  potash  ani)  nitrate  of  Htroiitian  are 
mixrd  tof^'tbcr.  It  is  n  fine  yellow  powder,  tasteless,  aiid 
fataolubtc  in  water  luid  alcohol ;  but  it  dissolves  in  nitric  aiid 
marialic  acids.  When  exposed  to  a  red  heat  it  loseii  no  weight ; 
bence  it  is  anhydrous,  and  composed  of 

1  atom  cliromic  acid         ,  6-iS 

^b  1  atom  KtTontian  frS 
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20.  Molf/bdate  ofttroulian.     An  in«oliililc  powder, 

21.  MangattatetfiOnmitan,  NcitLtT  Ciicvillulaiid  Edwards, 
DOT  FrominltiTic  were  able  to  form  this  salt.  When  I  port  of 
black  oside  of  manganese,  and  tvia  parts  of  nitrate  of  slruiitian 
an;  b<-alcd  together  in  a  cruci)ile,n  light  green  matter  is  obtained, 
insoluble  in  water,  which  is  proluihly  diiHumfanaie  qfstrontian. 
When  strontiaii  water  is  ailiU-d  sliiwly  to  mangiuiesic  acid,  tlio 
red  coluur  gTnditaliy  (lUa|ipe:irM,  and  a  lijjbt  green  matter 
obtained,  probsbly  of  the  same  iinture.f 

■22.  Oxalale  of  »tn»Uian.  This  salt,  first  examined  by  Dr. 
Hop<'  ami  afitirwardis  by  Vaiiciuelin,  may  be  readily  formed  by 
mixing  bogothcr  a  solution  of  oxalate  of  pobmli  and  nitrate  of 
atronttaii.  Tlie  oxalate  of  strontian  immediately  precipitates. 
It  is  a  wlute  iii&ipid  powder ;  soluble  in  1020  parte  of  boiling 
Hvater.  Its  constituents,  by  my  aiiolyidN,  are 
^L  I  atom  oxalic  acid  4-5 

^^L  1  atom  Htrontiim  6*5 

^^H  2  atoms  water  2-!25 

23.   Jiinoxatale  of  glnrntian.     This  salt  may  be  formed  by 
digesting  tlie  preceding  iu  »  solution  of  oxalic  aeiil  in  water. 
Bit  crystallizes  in  pretty  large  four-sided  prisms,  feels  liansh, 
rcddpn*  vegetable  i>lues,  and  is  very  sparingly  soluble  in  water- 
Its  constttucntN  by  my  atkalyniH,  are 

'i  atoms  ox»Iic  acid         .         .  0 

1  atom  Ktroutiaii  .         .  6'& 


U-6 

*  BcrtcUtui,  Aon.  ilc  Chin,  ct  dc  Pltvu.  Ix.  963. 
■\  FrooimhcR,  Siliwdggct'i  Jour.  xXi.  i9i. 
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:  ii  Acetate  t^  itrtmtian.  This  salt,  wbicfa  was  fint  exam- 
inecl  by  Dr.  Hope,  and  afterwards  by  Vauquelin,  is  only 
fonned  by  dissolving  strontiaii  or  its  atrbon^e  io  aceticaad. 
It  crystallizes  in  pretty  long  four-sided  priBms,  with  bases 
appearing  to  the  eye  rectangular.  But  &om  Mr.  Brooke's 
measurements,  it  appears  that  the  primary  form  is  a  right 
oblique  angled  prism,  whose  feces  are  inclined  to  each  other  at 
angles  of  96°  10',  and  83°  50'."  The  taste  of  this  salt  is  ahaip, 
which  gives  it  an  impression  of  bitterness.  It  has  a  silky  lustre, 
and  is  pretty  soluble  in  water.  It  undergoes  no  alteration 
when  exposed  to  the  atmosphere.  Its  constituents,  by  my 
analysis,  are 

I  atom  acetic  acid  .         .         '.  d-25 

1  atom  strontian  .         .         .  6-5 

I  atom  water  .         .         .  1-125 


13-875 

25.  Lactate  qfstrordian.  Lactic  acid  dissolves  caifwnate  «f 
Btrontian  disengaging  the  carbonic  acid.  The  solution  when 
concentrated  by  evaporation  assumes  the  form  of  mucilage;  bat 
in  24  hours  it  becomes  solid,  has  a  whitish  colour,  is  semitnnfr- 
parent,  and  consists  of  a  congeries  of  globular  bodies  resembliif 
the  form  which  malate  of  lime  assumes.  At  the  temperature 
of  about  70°,  this  salt  is  soluble  in  eight  times  its  weight  of 
water.f 

26.  Formate  qfstrontian.  This  salt  crystallizes  in  trani^ 
rent  six-sided  prisms.  When  heated  it  becomes  first  opaque, 
and  then  falls  into  a  white  powder.     Its  constituents  are 

1  atom  formic  acid         .         .  4-625 

1  atom  strontian  .         .  6'5  . 

4  atoms  water  .         .  2-5 


13-625t 

27.  MeUate  of  strontian.  A  white  powder  insoluble  ia 
water,  but  soluble  in  muriatic  acid.§ 

28.  Tartrate  qfstrontian.  Thb  salt,  first  examined  by  Dk 
Hope,  and  afterwards  by  Vauquelin,  may  be  formed  by  di^ 
solving  strontian  in  tartaric  acid,  or  by  mixing  t<^ther  solo- 
tionsof  nitrate  of  strontian  and  tartrate  of  potash.     "When  these 

•  Annals  of  Philosophy  (2d  series),  vii.  268. 

f  Braconnot,  Ann.  de  Cbim.  ImxtL  87. 

J  Gobd,  Schwei^B's  Jour.  xxxu.  3*8. 

5  Klaproth,  Beitrage,  iii.  1 14.  ■  , 
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two  Bolulinnfl  are  mixed  in  the  atomic  proportions,  no  prr«ipi- 
t»t(^  apiteartt  ut  fintt,  but  on  setting  the  mi.xturi'  ns'iAr,  tartrate 
of  Klrontiun  isgraduall}-  d«poaiteil  in  oblique  rhomboids,  with 
anglM  of  IIS"  20'  aud  66^  40'.  This  salt  i»  ta«telc»i,  and 
insoluble  in  water.  Its  o»n«t)tucnts,  by  my  analysis,  ara 
1  atom  tartaric  add         .  8*'i& 

1  atom  atronUan  .         .  6*5 

3  atooM  Whirr  .  9-97A 
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29.  filiate  of  gtrontian,  Wlicn  vinatv  of  soda  and  nitrat« 
of  fttruntian  an'  mixird,  viiiate  of  strontiun  is  deposited  in  white 
bulky  RdcJu,  insoluble  in  water,  and  scarcely  solublv  tii  an 
excc*»  of  Wiiic  acid. 

80.  Citrate  of  Hrontum.     ThiM  salt  was  obtained  by  Vau- 

in  by  mixinff  a  noUiiion  of  citrate  of  ammonia  wicli  nitrate 

'"atrmitian.     No  pn-cipitutv  uppoant;  but  when  the  liquid  is 

[  slowly  evapoRiKxI,  small  crystals  of  citrate  of  strontianurogra* 
dually  formed.  This  salt  is  soluble  in  water,  and  exhibit  nearly 
toe  nme  properties  as  the  oxalate  or  tartrate  of  stronlian.* 

I  •11.  Malatf.  ijf  stronlian.  Obtained  by  saturating  malic  iicid 
witli  stronlian  water.  When  rapidly  evaporated  it  assumes 
the  form  of  a  gummy  mass ;  but  by  slow  evaporation  it  may  be 
oblaiucd  in  white  translucent  crystalline  grains.  It  is  very 
•oluble  in  water.f 

I  3Q.  Uinm/ttte  of  iitr07tlian.  It  precipitates  when  the  nctiira] 
M>lutioii  in  mi;ti-d  with  malic  acid.  It  is  in  small  crystals ;  little 
soluble  ill  co!d  water;  but  eanily  soluble  in  boiling  water.f 

I  33.  Mueate  t^rtrontian.  Strontian  water  throws  down  froni 
mucate  of  puianh,  white  tasteless  flocks,  insohible  in  cold,  but 
soluble  in  hut  water.     They  dissolve  also  in  miieic  nei<l. 

34.  PffTomuratc  nf  strontian.     Small  crystals  not  altered  by 
locpOMire  to  the  aJr,  and  ratlier  more  soluble  in  hot  than  in  cold 

ft 

35.  Sitfriiuitf  of  tlrxmtiitH.     Tii'tr*  salt  may  he  formed  by 
ting  strontian  water  with  Miccinic  acid.     When  the  sotu- 

its  evaporated  the  succinate  of  strontian  precipitates  in  small 

crystals  as  fine  as  sand.     'Hie  taste  of  tliU  salt  has  some  rosera- 

blancn-  to  that  of  muriate  of  pota^li.     It  is  equally  solnble  in 

[  bot  and  in  cold  n'ater.     M'hen  u  little  of  it  is  dro)>ped  into 

baryles  water,  succinate  of  barytes  immedialely  precipitates.} 

■  Jour,  lie  Min.  An.  vi.  p.  \6. 
X  LabilUriticrE. 


I  BracoDiioi. 

i  Murclli,  Anil.  ii«  Cltiin.  luivi.  870. 
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06,  BatzoiUetfatnmtiam.  This  »lt  (ryrtalfiica.  Tkoy*- 
tab  when  ezpcced  to  the  bit  lose  tfadr  Instre;  bnt  do  nt 
effloresce.  They  are  scarcely  sizable  io  cold,  bat  diBolre 
readily  id  hot  water. 

37.  GaUcUe  ofttroHtiaM.     IJke  gallate  of  bnytes. 

38.  CamphoraU  of  strontian.  It  may  be  prepared  by  dii- 
solving  carbonate  of  stroDtian  ia  camphoric  acid.  It  crystal- 
lizes in  translucent  and  white  plates,  and  is  not  man  stdnble 
in  water  than  camphorate  of  barytes.  lis  taste  is  safiDc  aad 
bitter.     'Wben  heated  it  behares  like  camphorate  of  barytet.* 

39.  Stiberaie  of  atroH/ian.  This  salt  may  be  prepared  by 
boiling  carbonate  of  strontian  in  a  solatioD  of  saberie  add. 
This  salt  is  deposited  in  translacent  crusts,  destitnte  of  ai^ 
reifular  form.  Its  taste  is  saline  and  bitterish.  Its  wliUnli^ 
in  water  is  as  follows : 

At  122°  100  water  dissolres  7-5  salt 

86  100  6-4 

68  100  4:6 

212  100  8*7 

Its  constituents,  as  determined  by  Brandos,  from  wbom  tbe 

preceding  fects  have  been  obtained,  are  as  follows : 

Suberic  acid         ,         .  65'48 

Strontian  .  34-52 


100-+ 

40.  Stearate  of  strontian.  It  is  prepared  in  the  same  my 
as  stearate  of  barytes,  and  its  properties  are  similar.^ 

41.  Margarate  of  strontian.  Also  similar  both  in  itapn- 
paiation  and  properties  to  maif^arate  of  barytes-f 

42.  Oleaie  ofttrontian.     Also  similar  to  oteate  of  baiytes-l 

43.  Phocenate  of  strontian.  It  may  be  obtained  by  nea- 
balizing  strontian  water  with  phocenic  acid.  Wben  ev^pih 
rated  in  vacuo  over  quicklime,  it  yields  long  prismatic  crystals 
which  effloresce  when  exposed  to  the  air.  Its  smell  is  that  of 
phocenic  acid.  Its  taste  similar  to  that  of  phocenate  of  barytes. 
It  is  very  soluble  in  water.  When  heated  it  melts,  and  at  the 
same  time  undei^es  decompoeition.t 

44.  Butyrate  of  strontian.  Similar  in  its  properties  to  batf- 
rate  of  barytes.  Water  at  39°  dissolves  the  third  part  of  ib 
weight  of  this  salt** 

*  firandea,  Schwdgger's  Jour,  xxxviu.  S&5.  f  Ibi  J.  xxuH.  90. 

f  Cbevreul,  but  les  corps  gnu,  p.  dS.  $  IHd.  p.  68. 

I  lUd.  p.  98.  1  llnd.  p.  108.  ••  Ibid.  p.  1S3. 
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45.  Caproatc  t^  ttnmtian.     It  crystallizes  In  plat4;«,  trans-    •"•"O- 
nl  wLilc  in  the  liquid;  but  iLssuinintr  Uiv  itppcunmci.-  of 
Del  when  exposed  to  tlic  air.     At  50°  100  water  ili»olve 
9-03  of  tlittsalt." 

40.   Caf/rate  nf  stronlian.      Obtained  by  naturatin^  strontian 

*  water  with  capric  and,  and  leaving  tlie  sotulion  ejiposed  to  the  ^^^^ 
Vt-  At  the  temperature  of  64°  100  parts  of  water  dissolve  ^^^| 
kalf  a  put  of  this  saltf  ^^H 

47.  ChttltsltrtUe  of  ttnmliaH.     An  onuigc-yellaw  powder,  B 
allDMt  intwliible  in  water,} 

48.  Urate,  o/"  ttrontifin.  A  wbitc  insoluble  poHticr,  scarcely 
Jistinguialiakif  in  apppuraiini  from  uric  acid. 

40.  Sa/phoMij>fii/ia/ate  of  strontitm.  This  suit  very  much 
ic«<>mblc«  the  Baining  fliil])houaplitlialiite  of  hnryte«.  It  is  wliitL' 
iHit  itot  diHtiiicily  crystallized.  It  it  Mtiubie  in  H'ater  and 
alcohol,  not  altered  by  exposure  to  tlio  nir,  nii<i  when  heated 

•bums  with  a  bright  6amc,  without  any  red  tinge.} 
50.  SinapaJe  of  Ktrontian.     Simihir  to  sjiwpate  of  har^'tes; 
but  has  less  tendency  to  crystallize. 


» 
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SECnOK  Vlt. — GALTS  OF  LIME. 

t.  A  oon«i)dcr;ibt(>  numtier  of  liie  salts  of  lime  are  insoluble  Chnchm. 
in  water.     Some  of  tbosv  which  are  soluble  cannot  easily  be 
ajvaXHa^A. 

2.  When  a  mit  of  Itmc  is  insoluble  in  wuter,  if  w«  boil  it 
'fcr  some  time  in  a  solution  of  carbonate  of  potii&li,  a  while 
powder  remains,  which  is  soluble  with  elTt-rveseeiiee  in  nitric 
acid,  aiid  which  |H)«»esses  all  the  chiinictcrsofcarboniite  of  linio. 

3.  The  Soluble  toltt  of  lime  are  not  altered  by  the  addition 
of  pure  umtnonin.  but  the  addition  of  potash  or  soda  occasions 
a  wbite  prcci]>itBtc  to  fall,  which  Is  pure  lime. 

4.  When  oxalate  of  ammonia  Ls  dropped  into  a  salt  of  lime, 
■  dense  white  precipitate  imniodialely  begins  to  make  its  ap- 
pciirance^  but  citrate  or  Uirtnile  of  ammonia  <ioes  uot  occosiou 
an  immnliatc  prcci])itutioii. 

5.  The  salt*  of  lime  arc  not  precipitated  by  prussjate  of 
tosb ;  but  some  of  tliem  arc  precipitated  wbon  tlu!  infu^Mi 

of  nutgulls  is  mixed  with  them. 

I.  Jlgiirattd  sufphatf  </ time.  This  mil  was  well  known  to  the 
iciente  under  the  name  of  fft/ftsum ;  but  the  coinpu»ition  of 


•  CbevTcul,  lur  lea  corpi  j^nu,  p.  ISO.  "t"  lUd.  p>  149. 

t  PcUctkr  ■nil  <!a*enlou ;  Ann.  de  Cliim.  et  ile  V\iy»,  vi.  Wl. 
5  FandajF,  Aimsls  of  I'hib*oj>U}  (2iJ  MrioJ,  xii.  809. 
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g)'p<iuin  was  not  kiiuwii  till  Mar^ralT*  and  Lavotsiert  analyted 
it,  ami  ])ruvi>il  it  to  Ik-  u  compouml  uf  sulphuric  itcid  iim)  Hum 
TItu  salt  fornifd  by  the  artiUciul  iiniuit  of  tlit->4>  twu  bvdii'S  vv 
formerly  called  selenile,  probably  from  iu  whiteness.  • 

The  properties  of  tlii^  salt  were  fimt  examined  witL  preci- 
sion  by  lit^rj^uiaii.  It  U  found  abundantly  in  different  parts 
tlie  world,  purliciilurly  in  tbo  ntvf  red  sandstone  formation,  is 
wliicli  it  oftwi  iiccompiinte!<  common  salt-  It  occurs  ^rauukr, 
f»li.-it<'d,  mid  fibrouH,  and  frequently  n1.'«o  crystallized.  'Hie 
primnry  crystal  is  n  right  oblique  prism,  wlnwi-  faces  arc  in- 
clined to  each  otlier  at  angles  of  1 13"  8'  ami  06"  5*2".  The  _ 
most  common  sbapc  in  a  lliin  rhomboids]  prism,  with  berelltdf 
edges.  Sometimes  perfectly  tnniMjKirent  and  colourless.  Lustre 
silky,  %-ery  sofu  Sjiccific  gravity  *2*3"2il.t  It  has  a  s%litly 
nauseuiiK  taste,  scarcely  perceptible,  except  by  drinkin|>;  a  ^Ia» 
of  water  impregnated  with  !(.§  It  iii  soluble  in  460  parte  of 
water  at  the  temperature  of  GO,|l  and  in  -liiO  of  boiling  waicr. 
Mr.  Paul  has  observed,  that  if  tills  Kolution  be  saturated  by 
pressure  witli  hydrogen  ga»,  the  sulphate  iti  about  six  monilis 
is  converted  into  a  sulphuret.f  TIte  wdl  is  not  affected  by 
exposure  to  the  air.     It  is  soluble  in  sulphuric  acid. 

When  heated,  it  loses  il«  water  of  crystidliration,  dccrepi- 
tfitcs,  and  fidla  into  a  soft  while  powder.  This  powder,  wlira 
its  water  has  been  driven  off  by  llie  application  of  a  red  luiV 
absorbs  water  very  ra|)i<]ly,  and  solidifies  it ;  at  the  same  tinM 
a  slight  increufio  of  tem])eratur«  takes  ]>la<:e :  so  tlutt  if  it  be 
formed  into  a  paste  with  water,  it  dries  in  n  few  minutes.  In 
this  state,  but  mixed  witli  a  portion  of  carbonutv  of  lime,  it  i» 
called  Plaster  of  Paris,  and  b  roudi  employed  for  fornUD^ 
cast*,  &c.  in  consequence  of  this  property. 

Sulphate  of  lime,  when  exposed  to  a  violent  henit,  meltt; 

before  tlie  blow-pipe  it  gives  an  opaque  vitreous  globule.     The 

temperature  necessary  to  produce  tlii:<i  effect  is,  according  to 

Saussure,5l<'of  Wcdguwood.**  Its  oonstitucntsarc  as  follom: 

1  atom  Kulplniric  acid         .         .  S 

I  atom  lime  .         .         .  3-5 

*i  atoms  M-ater  .         .         .  2-*25 


I 


10-76 


■  Mem.  Berlin.  1750.  p.  144.  +  Mom.  P*ri«.  17i»8.  p.  3*1. 

t  Rocet  and  Duirius :  Annals  of  Philnuijitif  (2(1  mtio),  iii.  3SS. 
§  •MncqucT.  ||  Biicholi,  (ivblcn'*  Jourtittl,  w.  i'H- 

1  Pliil.  Wng.  IV.  63.  ••  Jour.  <lc  Fhjs.  xlv.  16. 
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9,  AnhydroM  mljiiinte  t^flimf.  ThUspecieH  Ufotitid  itutivc 
in  dijfer«»t  yatU  of  the  world,  usually  accompanying  or  intor^ 
tlin>ugh  tlic  preceding  Hpi-cioM.  It  i^  said  aUu  occa- 
t«  accompany  inviullic  on-s.  It  si'cms  to  have  been 
fint  pointed  out  by  Hnt'iy.  A  tipptnmen  of  it  was  described 
with  mudi  precision  by  Fleiiricu  in  the  Journal  de  rbymique 
for  179fi;  and  iiiudyzod  by  Vauqueliu,  wlio  finrt  iiscertuincd 
its  cotnprraition.  It  has  since  been  d«-seribod  with  more  accu- 
racy by  Uournun,*  an<l  a  purer  specimvu  of  it  analyzed  by 
CheiJ<Mria,+  and  by  Klai)rotl)4 

It  is  often  amorjiliouK,  but  frequently  also  crystallized.  The 
primary  fonn  of  the  crystiils  is  a  right  rectangular  prism,  tlie 
mtera)  edg«N  of  which  are  frequently  replaced  by  tungvnt  planes. 
ItH  «.pecilic  grnvity  is  about  2'960,  Iw  h.irdnew  is  coiisider- 
abic,  bi'ing  not  inferior  Ui  tliat  of  c'al«ire«u»  spur.  It  usually 
phosphoresces  when  heated.  Il  is  tinnsporent,  insoluble  in 
umter,  and  in  its  otlier  ]>ropGrties  agrees  with  common  sulphate. 
Its  constJluentN  are 

I  atom  sulpliuric  acid         .         .         5 
1  atom  lime  ...         3-5 
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8-5 
oes  it  is  found  cotirerted  into  tJie  hydrous  sulphate 
abBOfbiDg  mo»tuT«.     In  such  ca-ws  itis  easily  <Ustingui»hf<l 
by  its  cleavage  from  (be  H|M.-ciet  to  wbidi  il  lias  been  converted. 
It  is  UHuatly  denumiuiilcd  anhtfiirilt  by  mineralogists. 
K     1.  Svlphite  (f  lime.     This  salt  was  first  mentioned  by  Iler- 
IhoHet,  and  described  by  Fourcroy  and  Vauquelin. 

When  obLiined  by  Katuniting  carbonate  of  lime  by  sulphu- 
rous ftcid,  it  hiiK  the  form  of  ii  white  powder;  but  if  an  excess 
of  ndphurous  acid  be  lulded,  it  diwolves,  and  cryslalliaies  on 
cooling  in  six-sided  prisms,  terminated  by  long  ^x-«)ded  py- 
ramids. It  has  scarcely  any  tnste  ;  however,  when  kept  long 
in  the  moutli,  it  communicates  lo  the  tongue  ii  tast*-  which  is 
manifestly  sidphureous.  It  requires  about  800  parts  of  water 
to  dtnolve  it  When  expoM-'d  to  the  air  it  effloresces  very 
slowly,  and  ite  surface  it  changetl  intOKulpliate  of  lime.  When 
heated,  it  loses  its  water  of  crystallization,  and  falls  to  powder. 
A  violent  heat  disengages  some  sulphur,  and  converts  it  into 
sulpliate  of  lime. 


*  Jour,  de  Hin.  An.  x.  ik  3U. 
}  Uefaien'fl  Jour.  iL  3.U. 
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I  um  not  wx&Tc  of  aiiy  analysis  of  U  by  a  iiio<lern  cltcinUt. 
I'rolMtbly  the  constituents  are 

1  atom  sulpliurous  add         .         .         4 

1  aU>in  liine  .         3*6 

2  atoms  u-aier  .        .        .        S^5 
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It  (lissolres  in  sulpUiiroutt  aoUl,  tix\A  prolwltly  fonm  a  bittdphiU^ 
which  has  not  been  oxuminvd. 

3.  Byposuiphite  of  lime.  When  a  solutlou  of  sulphuret  of 
line  h  exjtoscd  to  tlic  air  it  lo&i-s  its  colour  in  n  fow  days,  and 
some  sulphur  and  carbonate  of  lime  precipitate,  vhich  ate 
easily  removed  by  the  filter.  When  tiie  liquid  is  «raporateil| 
it  yieUls  cryxtais  in  prlsran  somewhat  similar  to  tlie  cr)'stals  <f 
muriate  of  lime.  'X'lie»c  crystitls  laiiy  be  preserved  in  the  ofta 
air  without  unili-rjrviri^  iitiy  nltcrutiuii.  llivy  are  soluble  in 
water,  ami  comint  of  hyposulphite  of  lime.* 

Mr.  Herschfll  has  found  tliat  this  salt  may  be  obtained  in 
con.iiilerable  quantity  by  paHsing  a  ciurent  of  sulphurous  ucid 
tirougU  the  liquid  formed  by  boiling  a  mtxture  of  flowers  otf 
sulphur  and  qtiicltlime  in  a  sufficient  quantity  of  wateb 
When  the  liquid  is  ewiporati-d  at  a  lempemluro  not  exceeding 
130%  it  yields  on  cooling  inT);e  and  beautiful  crystals  mnl 
commonly  in  the  simpo  of  irregular  six-«ided  pirsins,  which 
rdiaet  doubly.  M'ater,  at  the  temperature  of  07°,  di»olv<( 
nearly  iu  own  weight  of  tliis  salt,  and  the  temperature  ialts  U 
31**.  The  speciiic  gravity  of  a  solution  saturated  at  50' ut 
1-UOO,  and  when  the  specific  gravity  is  M  14371  at  60%  tlu 
solution  coiilains  O-'JtiSl  of  its  weight  of  the  »1l 
crystals  are  not  altered  by  exposure  to  the  air.  They  are  in 
soluble  in  alcohol  of  tlie  s])enAc  gravity  0-t^i2344.  I'lom  tlu 
analysis  of  Hcrschell,  tlie  salt  seems  a  compound  of 
1  atom  hypusulpbiirous  acid         .         .  A 

1  iitoDi  lime S'il 

6  atoms  water  .         .         .         •  6'75 


\ 


)3-23t 

.  'k.Bjfl'OsufpJuift  of  lime.    This  salt  b  eusily  formed  by 
precipitating  hyposulphatc  of  mniigaiiese  by  lime,  filtering  tmdj 
concentrating  the  solution.     The  salt   crystallizes,   and  thfl 


■  Goy-LutsAC,  Ann.  da  Qrim.  Ixxxv.  MMX 
t  Ellin,  niil.  Joiu.  i.  14. 


50d 


3  of  the  crystals  ig  verj*  nDorly  tJic  same  ta  that  of  hypo> 
late  of  Btroiitian.  The  taste  is  piiro  bittiT.  Thv  crystals 
lot  altered  by  exposure  to  the  air.  Oiip  )mrt  of  the  crys* 
liaaolve  \a  0-8  part  of  boilinfif  water,  and  in  3-46  parts  of 
r  at  llic  tt--inperaitirc  of  66°.  Ak-ohol  doen  not  dissoli'e 
lUt  iijip^am  to  (Iftprive  it  of  a  portion  of  its  water  of  crys- 
atioD.     ItH  cnnstiliioiii-t  ore 

tl  atom  hypwtiilpliuric  acid         •         9 
I  atom  limi;     .         ,         .        .         S-S 
4  atoms  water         ...        4-5 
I  17'0» 

tte  of  Ime.  Thb  «ilt  has  been  lonj;  knonii  to 
lisM.  Nativv  nitre  is  almu<!t  iilwnyit  contamiimtod  witJi  iL 
ay  be  prepared  by  dissoIvin|f  ciirbouate  of  lime  in  nitric 
;  evajwniting  the  solution  to  the  consi^ti'iice  of  a  ayriipt 
then  allowing  it  to  cool  ttlowly.  The  suit  is  precipitated 
le  state  of  crystals.  <<iU  i 

■  *cryiitaht  arc  six-sided  prL«nis,  terminated  by  long  pyni- 
;  but  it  is  oftener  obtuined  in  the  form  of  long  slender 
but  needles.  Its  taste  is  very  acrid  and  bitter.  Its  spe- 
gTBTity  b  l-6'207.t  Scarcely  any  !ialt  ii  more  soluble  in 
rr.  At  the  temperature  of  60%  one  part  of  water  dissolves 
parts  (»f  niimte  of  lime,  antl  boiling  wafiT  diisolvcs  any 
itity  of  it  whatever.  Boiling  alcohol  dissolves  ils  own 
[bt  of  it.J  Considerable  di^cuhy  attends  its  crystailtza- 
,  ks  is  the  case  with  all  very  soluble  salu.  When  exposed 
le  air,  it  vi>ry  soon  uttnicta  miii«tiirt'i  and  mclls  atto^elhiT. 
I  Biroiig  affinity  for  moisture  renders  it  sometimes  uvcful 
Irj'iiig  till*  glow*.  Tlicy  are  maitc  to  pass  through  tubes 
uiniiig  dried  nitrate  of  lime;  and  titis  salt,  during  their 
age  through  it,  abstracts  great  part  of  the  water  which 
hold  in  solution. 

hU  nitrate,  when  heated,  readily  unilergocfl  the  watery 
m.  When  tlie  urfiter  of  ery^talli/iilion  is  evnpomtcd,  th« 
bccooics  dry,  and  ol^cn  actpiircs  tlie  property  of  shining 
le  dark.  In  tlmt  state  it  was  formerly  known  by  the  name 
to&Ann'a  p/im/ihurtu ;  hecauM>  this  projierty  of  nitrate  of 
>  fine  pointed  out  by  Balduiu.^    When  strotigly  healed 
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°— *•  it  is  decomposed ;  nitrous  gas,  oxygen  gas,  and  azotic  gas  ve 
emitted,  and  the  pure  lime  remains  behind.  Tbis  saltKarcely 
possesses  the  property  of  detomtting  with  combustible  bodiei, 
in  consequence  probably  of  the  greater  proportion  of  its  vater 
of  crystallization. 

Its  constituents,  according  to  my  analysis,  are 
1  atom  nitric  acid     .         .         6*75 
1  atom  lime      .         .         .         9>5 
3  atoms  water  .         .         3-375 


13-625 
When  a  solution  of  this  salt  is  concentrated  in  the  vacnnm 
of  an  air-pump  over  sulphuric  acid,  it  becomes  a  thick  synq^ 
which  on  the  least  agitation  concretes  into  a  white  solid  inaa^ 
with  the  evolution  of  a  good  deal  of  heat.  This  mass  I  toaai 
composed  of 

1  atom  nitric  acid       .         .         6*75 
1  atom  lime        .         ,         .         3*5 
6  atoms  water  .         .         6-76 
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6.  Chhrate  o/Hme.  This  salt  may  be  procured  and  pniified 
in  the  same  way  as  the  chlorate  of  barytes.  It  is  very  deli- 
quescent, and  undei^^oes  the  watery  fusion  when  slightly 
heated.  Alcohol  dissolves  it  copiously.  Its  taste  is  sharp  and 
bitter ;  and  when  it  dissolves  in  the  mouth,  it  produces  a  stronjf 
sensation  of  cold.  From  Chenevix's  analysis,  it  is  ptobabla 
that  its  constituents  are 

1  atom  chloric  acid     .         .         9'5 

1  atom  lime        .         .         .         3*5 

2  atoms  water    .         .         .         2-25 


15-25 

The  water  obtained  exceeded  a  little  two  atoms,  being  i-S? 
instead  of  2-35. 

7.  lodate  of  lime.  This  salt  may  be  obtmned  by  dissolving 
carbonate  of  lime  in  iodic  acid,  or  by  mixing  a  salt  with  bsK 
of  lime  and  iodate  of  potash.  It  is  usually  in  powder ;  but  it 
may  be  obtained  in  crystals,  by  dissolving  it  in  the  solution  of 
muriate  or  hydriodate  of  lime.  Its  crystals  are  small  quad- 
rangular prisms.  One  hundred  parts  of  boiling  water  dissolve 
0-96  of  thb  salt;  100  parts  of  water  at  the  temperature  fi 
64^°  dissolve  0-22  of  it     The  phenomena  which  take  place 
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when  it  is  expoMcl  to  hoat  arc  siinibr  to  those  which  appear 
wlieii  iodate  of  potaiih  u  lieat^l,  excepting  only  that  iodate  of 
lime  r<-i{uiros  a  slfon^-r  hi-;it  to  dccompoNir  iu  Iti^i  wiitor  of 
rr^>l»llizutioii  ainuuiit»  to  ubout  H  put  cciiL*  Tlie  voiistiiucnts 
of  this  salt  iLTP 

I  utom  iodic  acid      .         .         20'75 
I  atom  lime     .         .         .  .1-5 

8.  Carbonate  o/Umt.  This  substance,  under  the  names  of 
nwrble,  dialk,  limestone,  &c.  exists  in  great  abundance  in 
nature)  variouiily  inixeii  with  other  bodies.  1i  is  {)erh:i|i!«  the 
noM  important  and  moHt  generally  nseil  of  all  the  salts,  unleiM 
we  exc4-pt  ci>mrnon  wait.  It*  properties  of  cotinc  have  been 
rery  coin])U'lely  inv«»tigat*'d. 

It  ia  often  fonnd  crystallized  and  perfectly  transparent. 
Tbe  primitire  form  of  its  crystals  U  the  nhtuse  rlmmboid  with 
angles  of  105°  5',  as  determined  by  Dr.  Wollaston.  Dut, 
beM<les  the  primitive,  no  less  than  6I(>  varieties  of  its  cryrttab 
kavv  been  d»covercd  and  deseribe<l  by  mineralogists.  It  has 
scarcely  aiiy  tnste.  [ts  »p<?cific  gmvity  is  2*7 1 7.  It  is  insolu- 
ble in  pare  water;  but  water  saturated  with  carboiiir  iieid 
dtssolres  ^'j^gtli  part  of  it;  from  this  solution  it  gniduiilly 
precipitates,  as  tlie  acift  leaves  it,  in  tlie  form  of  a  white  pow- 
der.f  It  stiflers  little  or  no  ulteration  by  botn^  exposed  to 
ike  Mr.  \\'lieu  exposed  to  heat,  it  decrepitates,  and  afterwards 
its  acid  separates  as  the  beat  is  increased :  but  to  Mpamte  tJic 
acid  complftcly,  a  pretty  stroitg  heat  is  required. 

Its  coiuttilucnts  arc 

1  atom  carbonic  acid  .         S'75 

1  atom  lime  .        .        8-5 
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Some  very  interesting  experiments  on  the  fiwibility  of  tlib 
salt  were  made  by  Sir  James  Ilall,  The  result  was,  that  n-hen 
tie  cnrlwnic  acid  \*  prevented  from  making  its  cse»])c  by 
Strong  compression,  the  wit  melts  at  a  red  heat,  and  assumes 
aa  appearance  which  has  some  re«emblimce  to  ijramdar  lime- 
Hone,  .\  portion  of  the  carbonic  add  is  usually  dissipntet!. 
_^  This  portion  is  sometimes  very  small,  and  very  often  it  doo« 
■  not  exceed  4  or  5  per  cent.    Bucholz  has  verified  these  expe- 
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a«  <■  rimcnU  in  n  very  iiiK-xpcclwi  ninnner.  He  piU  4J  p<nin^  ol" 
washml  chalk  (onrbonMe  of  lime  with  only  0-005  of  ferHgTi 
matter)  into  a  cniciWe,  pressed  ir  strongly  down,  und  Kcpoatil 
it  covcrod  to  H  strong  lio.it  in  a  fiirnaci?.  The  dialk,  esoeptl 
small  portion  on  ihc  Burfww,  wfw  oonvertH  into  a  faltatnl, 
hard,  yellowish  mivis,  haviii<;  considerable  tmnD|ittri*iicy,  wliicli 
evidently  Imd  Hruli-i^onp  a  comiiiontrmcnt  of  fu»ioti.  It  wiw 
obviously  in  u  similar  slali?  witli  Sir  Jiinu-s  Hiill*s  carbonaU' 
of  lime,  and  containt^d  42  per  cent,  of  carbonic  acid."  Ilcrr  _ 
the  same  effect  was  produced  witliout  coitipressioa!  It  nuct  ■ 
have  depended,  nn  doubt,  upon  the  de^rco  of  heat  to  ttlueb 
the  t-rucible  vnat  exposed. 

9.  nicnrhmialt  f^limtn.  When  a  current  of  otrtmnlc  atU 
gas  is  passed  ikrou^li  water  in  which  carbonate  of  lime  is 
powder  is  su^ended,  a  solution  n  cfFi'Cteii;  W'heti  a  calcare- 
ous solution  is  precipitated  by  an  aUudine  bicarbonate,  iIk 
more  tlie  liquitl  is  dilute,  the  more  of  the  lime  remains  in  solu- 
tion. It  It  obvious  from  ()ie«e  facts,  that  lime  is  capnSle  of 
onmbifiiri^  with  two  iitoin'<  of  tmrbonic  acid,  and  tliat  the  bicar- 
bonate is  soluble  tn  n-ator.  It  is  In  this  way  tluit  lime  Is  fre- 
quently held  in  solution  in  mineral  waters.  But  bicarbonate 
of  lime  Ciin  only  be  formed  in  water,  when  we  attt'm{it  Id 
separate  itie  salt,  and  to  gel  it  in  a  dry  state,  the  second  aloo 
of  rarhonic  aeid  always  Hcpnnttvs. 

10.  Phonphittr  iiflime.  This  salt  w  obtained  when  plu**- 
phate  of  soda  and  chloride  of  calcium  are  mi.xed  in  ati>inlc 
proportions.  The  phosphate  of  lime  prceipitaleii  in  iriiitt 
flocks.  Ilut  a  small  quantity  rcm^dns  in  M)lut!on,  and  cao  o)ily 
be  obtained  by  ernpomtinf^  the  •^olntion  to  dryness,  Rnd  pjur- 
iiig  water  on  the  residue. 

PhoHphute  of  lime,  thus  prepared,  is  always  in  the  s' 
a  white  powder.  It  is  destitute  of  taste,  insolnbTe  iti  wstoti 
and  not  liable  to  be  altered  by  exposure  to  the  air.  It  m«y 
be  exposed  to  a  strong  heat  without  undergoing  any  elian^i 
hut  in  a  i-ery  violent  heat  it  beoomis  soft,  and  is  converted 
into  a  white  Kcmitnmsparent  enamel,  Or  ruther  porcelnln. 
Aeeording  to  the  experiments  of  Sauisure,  a  heat  of  >'}7S' 
W^dgeu'ood  is  necessarj'  to  produce  this  elTed.-^  It  li  sffln- 
Me  in  nitric  and  mnriatic  acid  n-tlliout  elTcn-esconce,  and  niay 
be  again  precipilaled  from  tliem  utuiliered  by  muriiito  of  anK 
monia. 
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Sulpliaric,  nitric,  murkuic,  fiiioric,  and  sevoral  vegetable 
>  an:  cupubk-  of  (ircomixMing  phosphate  of  ILtne ;  twit  Hie  ' 
sition  is  only  {Mtrtial. 
Im  oonstituento  are 

^l  atom  pliiMphoric  acid  .         4-5 

^^_       1  atom  limi!  3'6 

8 
1 1.  Sagw^llkitpAaie  <if  lime.     TIili  salt  was  ftnl  obtained 
by  Bcneliua.    He  fonnirtl  it  by  mixing;  a  itolutton  of  phoeptialti 
of  liae  in  pl>o«)>hortc  aciil  wttb  ak-ohol,     It  is  a  wliit«  maUei, 

E***^'''h  reddens  litmuti  popvr,     W'atcr  removeti  tlie  exceu  of 
and  li-avofl  the  Dcutral  phosphate.     Its  constituents  are 
1  ^  atom  pbosphDiic  acid      .         6-7& 
1    atom  lime      .         .         .         3*5 

Tlw  proportJon  of  water  has  not  brcn  dvtcmiiDed. 

\'2.  IJipAoipiate  qfiime.  If  wo  digest  phosphate  of  lime 
iii  pure  phosphoric  ftcid  disitolrcd  iu  hot  water,  th^^  acid  will 
be  Iblud  to  lake  up  a  quantilyof  phosphate  containing  exactly 
ita  own  Wright  of  )>hospLoric  acid ;  but  it  r«fus«H  to  diKwIvv 
Mny  mure.  I  coniiideT,  therefore,  this  aolutioi)  as  a  hipliuspliatu 
of  lime.  It  has  an  acid  aiid  rather  diwi^^eahle  liat«h  taste. 
When  slowly  e\-aporated  to  <lrynes«,  it  ilnes  not  erystalli<ee, 

t  forms  »  dry  white  iniwt,  Humewhat  doiiquim-ent  in  the  air 
uid  iK)luble  i»  water,  but  not  in  ac-id».  Before  the  hlow-pi{>e 
it  melt*  into  a  tmn«]iareiit  Instelew  gllHSi  iiwvlubk-  In  water, 
and  lnc«|Mblv  of  atrting  on  vegetaUfl  bltiM.  No  acid  di«- 
solres  it. 

13.  f^uatrrjthMphatr  rif  iime.  If  phosphate  of  lime  in  fine 
pwwdrr  be  dtgvsted  fur  some  time  witli  as  mueh  sulphuric  acid 
M  b  txpahle  of  BBturikliiitc  the  whole  of  tlie  lime  which  it  eoi^ 
lains;  if  it  be  tlien  dilutet)  with  h  Hiifiieient  (|UJuilily  of  water 
and  tlirowti  upon  a  filter,  the  liquid  which  pitmes  ilirough  «>»- 
taioa  the  whole  of  tlie  pho«plioric  acid  '  still  combined  with 
'fourth  of  the  lime  which  originally  existed  in  the  suIl 
iTite  other  three-fourths  bare  been  abstracted  by  the  sulphuric 
•cid,  and  remain  u[m>u  tlie  filler.  This  liijiiid,  tlierefore,  cou- 
taius,  in  solution^  a  quaterpho&phate  of  lime.     Thia  it  the  Kdt 
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Alwnit  ■  tliir^l  oT  the  phoKphatc  of  limo  it  not  dceomiMMd,  but  I  ab- 
•intci  this  i|u>niily. 

II.  2  L 
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(^■''  described  by  Fonrcroy  and  Vaaqnelin,  la  1795,  under  Hit 
name  of  stiperphoepbate  of  lime.  When  evapontedf  it  fonna 
soft  crusts,  which  have  an  acid  taste,  and  ore  soluble  in  witar. 
When  heated,  it  readily  melts  before  the  blow-pipe  into  t 
transparent  tasteless  giasa,  insoluble  in  water  and  acids,  and 
not  dfecting  vegetable  blues.  This  is  the  velMcnown  sab- 
stance  from  which  phosphoric  acid  is  made.  It  is  sold  by 
apothecaries  under  the  name  of  glaasy  phatpkorie  acid.  If  it 
be  mixed  with  a  quantity  of  bicarbonate  of  potash  and  exposed 
to  a  red  heat,  it  is  decomposed  and  converted  into  phosphate 
of  potash  and  common  phosphate  of  lime.  By  this  treatmoit 
S2  grains  of  common  phosphate  of  lime  may  be  obtained  from 
50  grains  of  the  glassy  salt 

14.  SubseBquiphotphate  qflime.  This  is  the  mineral  wUcb 
occurs  native,  and  is  known  to  mineral^ists  by  -  the  name  d 
apatite  or  atparagiu  stone.  It  b  usually  cryslallixed  in  Inr 
six-sided  prisms.  Its  colour  varies,  but  is  most  oommody 
white  or  green.  It  lias  a  great  deal  of  lustre,  whic^  is  remK 
OUB.  Its  fracture  is  imperfectly  foliated.  It  is  soft,  and  ita 
specijic  gravity  varies  from  2-624  to  3-3.  It  is  dear  frm 
the  analyuB  of  Klaproth,  that  it  is  a  compound  of 
1  atom  phosphoric  acid  .  4-5 
1^  atom  lime     .        .        .        8*75 


»S5 

It  is  obvious  from  Berthier's  experiments,  that  UtoB  Hit  ii 
formed  when  phosphate  of  ammonia  is  mixed  with  an  exens 
of  chloride  of  calcium." 

Besides  these  five  species  of  phoqihates,  there  are  probably 
some  others,  but  they  have  not  been  hitherto  desorib^ 

15.  Phosphite  of  lime.    A  white  powder,  slightly  aolnbleia 
water.     When  heated,  it  is  converted  into  {drosphate,  giviiy 
out  only  traces  of  water,  and  a  gas  which  bums  with  a  Uoc 
flame  (obviously  hydrogen).     Its  constituenta  are        ■ 
1  atom  phosphorous  acid  .         3-6        ' 

1  atom  time     ....         3*5 
I  atom  water  .  .         1-185 


8-125 

16.  Ifypophosphite  of  lime.    His  salt  is  very  soinblfl  fa 
water ;  but  its  properties  have  not  been  partdcalarly  examined 

*  Jour,  lie  Hiitea,  ssii.  413. 


ifjirseniah  of /itiie.     Thin  salt  «xUut  native,  and  is  known    *M.vn- 
iRemlogists  l>y   the  nutnc  «f  pharmacnfitf.     It  w  often        """ 
pliotii,  but  !t»motiin«^  in  vriKill  litiir-lik«  rryslaU.     It  may 
nn«d  tirtificiiilly  by  mixing  a  solution  of  ar»onic  acid  witli 
water,  taking  rare  not  to  Mrturete  t]ic  acid  compk-lely.    It 
EKtfleM  white  )>ow(lrr,  iuMhiUe  in  Miitvr,  but  soluble  in 
pr  muriatic  acid.     It  dissolves aliio, according  to  P&fF,ia 
e,  nitratr,  and  muriulc  of  ammonia.    Itscoa<)titue»tii&re 
1  atom  anrnic  add   .         .         7*36 
I  atom  limv      .         .  8*5 

3  atoms  waUT  .         .         .         3-375 


14- 193* 

iiA-tirmfuariKnif^e  (^  time.  Tilts  salt  was  forme<l  by 
ipriUk  Ity  mixing  solutions  of  cliloride  of  calcium  and 
late  of  potasli,  soda,  and  nmmoniu.  I'lie  solution  becomes 
aivd  (he  siibsesquiirM'niat^-  ]>ree!{iiUilc^. 

tBiNameniate  qf  timr.     Arerninte  of  lime  diMolve*  in 
acid,  and  tbe  solution,  when  sui&ciently  oonoeDlnted, 
lites  Hmall  crystaU  of  binarseiiintc  of  lime. 
,  JtnrntK  af  timr.     'i'bis  salt  may  be  formed  by  mixing 
her  lime-water  luid  the  aqueous  solution  of  boracic  acid, 
kbolling  togetlier  lime  and  pure  borax  in  water.     In  eitltn 
tlie  lM>ntt«  of  lime  {>rt.-ct)tilate§  in   tLe  »late  of  a  wliitc 
vr,  uuili'lew,  Hiid  ditficulily  Huluble  in  water.f 
hSiiicnie  i^Httut,     No  Himple  ailicatc  of  lime  ha«  ItitltcrtO 
ket  witli  in  t)ie  mincm]  kiii^^om.     Bui  there  occur  no 
ftliun  three  species  compoM'd  of  silica  and  lime  i  namely, 
)  }it»i{uiinlie4ite  of  lime. 
)  Builitaiif.  qfihnr,  or  tiible  s^r. 

)  TrrtUicatt  of  (ime..  K  white  mineral,  which  lia:^  been 
,  new  Christiaiita,  and  luw  been  considert-tl  uk  n  variety  of 
^wbidt.  In  fact,  is  a  comiMund  of  three  utomi 
^one  aloiD  lime. 

•t^Uittf.     It  i(t  very  imperfectly  soluble  in  water, 
lipitiitcii  by  (le^rreeH  wlu'it  we  dissolve  carbonate  of  lime 
nic  acid.     It  co»«tituUr<t,  when  dry,  a  soft  powder  rery 
carbonate  of  lime.    When  heated  to  redncs  it  molts, 
i  tlie  fusion  takcM  place  in  »  gliMt  vt-MA*l  it  corrwle^t  the 
gradually  p«s«c«  tliroiiKh  iL 
iiKienitt  ^  hme  u  obtained  by  dissolving  the  Mlcnito 


K>^ 
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<^*i'  In  selentoDs  add.  It  erjmtalUKes  in  bduII  prinana  ii^Ut  aie'not 
altered  by  expomre  to  the  air,  AnmioiiiadcpiiTwitaf  tin 
half  of  its  acid.     Heat  produces  tbe  same  efect.* 

24.  Antimoniate  of  Ihne.  This  Salt  may  be  obtamed'  bf 
poaring  a  solution  of  antimoniate  of  potash  into  moriato  «f 
Ume.  It  Is  a  white  powder,  sparingly  sotuUe  in  water,  lit 
predpitate  assumes  a  crystalline  fbnn,  preeiMly  like  tlMt-«f 
earbwiate  of  llme.f  '"' 

25.  AnHmmite  of  time,  A  white  oryBt^Hne  powder,  wy 
little  soluble  in  water.:^ 

26.  Tdlura^  qflme^  A  white  powder  fonned  bydroppb; 
tellurate  of  potash  into  a  solution  of  chloride  of  cfJeiuoLf- 

27.  Chromate  of  lime.  A  fine  yellow  powder,  tasteless,  aad 
insoluble  In  Water,  easily  formed  by  double  detkHBpontion.  Iti 
constituents  are 

1  atom  chromic  add      .         .         6*6 
1  atom  lime  .         3'0 

10 

28.  Mol^tdate  of  lime.  Fonned  by  pouring  a  aotsttiM  «f 
molybdate  of  potash  into  chloride  of  calcium.  It  is  a  wUlc 
powder,  insoluble  in  water. 

29.  lYmgstate  of  lime.  This  salt  occurs  native,  crystallind 
in  octahedrons  composed  of  two  fbur>sided  pyramids  wiA  t 
square  base.  It  was  first  analyzed  by  Scheele  under  the  niiM 
ttatgs^  {Aearygtone),  It  is  of  a  yellowisb-gray  eoloiur,  aad 
sometimes  crystallized,  and  always  somewhat  txwtsparent.  'hi 
specific  grarity  is  abont  6,  and  its  hardness  is  genei^y  tm^ 
siderable.  It  is  insoluble  in  water,  and  is  not  sensibly  aHUIti 
by  exposure  to  heat  According  to  the  analysis  of  Benettk,! 
it  IS  composed  of 

I  atom  tunstic  acid      .        .        IS-fi-     -      '  ' 
1  atom  lime       .        .        .  S^S    .   '■■  • 

1» 

90.  Colvmlxae  cflime.     An  fnsolnble  whit»  powder. 

31.  Uraniate  of  lime.  "When  pemitrate  <^  arstiiaB  0' 
chloride  of  calcium  are  mixed,  and  the  sidution  precsptiatl4bf 
ammonia,  the  yellow  precipitate  which  feDs  Is  a  eonpeaadif 
oxide  of  uranium  and  lime,  as  was  first  observed  by  Bodioli. 

■  Bcraduis,  Ann.  de  Chim.  ct  <le  PbfS.  ii.  SfiS. 

-j-  Berzellua,  Nicholton's  Jour.  xxxt.  41.  %  Ibid.  UL 

S  Ibid,  xixvi.  131.  .    |.  AilandU^ir,  ir.  3(U. 
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'■    3ti,  MaHffnnatHif  iimt,    Tlie  lulfa)  of  liini*  ucouioi)  00  pre- J|Mt.rii. 
dpibiW  wlioti  (Iroppud  into  mauganate  of  potutli-'     FniDt  tlu« 
it  would  upprar  llint  inaii^aiukte  uf  liwc  U  siihii>tt.-  in  wiitur. 

33.  Oxaiate  o/Umt,  Tliis  salt  \a  rciulily  funiicil  hy  mixing 
wluliona  of  oxalate  of  aaunooia  and  diloridv  of  calcium.  Tlie 
«utlat«  of  lime  inuneitiately  precipitates  in  tiie  state  of  a  «'iiLl0 
Imipid  povder,  iiivolubjv  iu  vaX/tt,  and  comniuiiicuiiiig  a  greoii 
colour  to  llie  synip  of  viuU-ts.  Tbin  fialt  is  in  tlic  form  uf  a 
wbilc  powder,  MfflvlvM,  iukI  perfectly  itisoJuble  iii  wutcr.  Uut 
it  diMolvpn  in  almont  all  ucids  v/\l\t  «onuderabI«  facility;  of 
courw-,  it  it  not  pntcipitab-d  from  lii|uitiM  U'  tbcy  coiKiiin  an 
excfie  of  acicL  Its  coaadtuents,  when  nmply  (b-ied  by  cxpo- 
Bure  to  tlie  air,  are 


L 


1  atom  oxalic  add 

4-5 

1  utom  lime         . 

35 

3  atoms  water    , 

2-26 

10-2S 


A  h«U  of  500°  is  required  to  render  tlitv  suit  unliydrou*. 

Oxalate  of  limo  nuiy  be  dooompoMid  by  «ulplturic  acid,  and 
ULenriae  by  di^tnttioii  witit  a  solution  of  carbonate  of  poUk-Jt. 
Lnui;ii-r  nnnoum-ed  tliat  it  was  dccomponrd  itUo  wlivn  tligc«tt.'d 
with  uiuxlic  poliutlkf  PruUtbljr  bia  oUcali  liad  been  piutly  in 
die  Htatc  of  carlMniOv.  .  ,,..1  >< 
L..  I  liuve  triad  uneuocettsfuUy  to  form  a  binoxalato  of  lime. 
R,  S4.  Cyotoaate  qf'liuu.  U'lien  a  mixture  of  mlulioiis  of  cro- 
ooiuitc  uf  pola»li  atxl  cltloriile  of  culdnn  U  net  u»i(Ie  for  some 
time  croconate  of  limit  it  <lepni>ited  in  Kmall  Icmoii-ycllow 
crycuilline  gfrnins  wUicli  nu:  solubia  ia  watvr,  to  wliicb  they 
cwinmuuicslv  a  yfUov  oolutir.} 

36.  Acrtatr  i^'Hmr,  'Hiis  salt  wm  first  dcser{l>ed  accurately 
by  Crolliua.  'I'bc  ancients,  lunt'cwr,  uticd  a  ouxluro  uf  lime 
and  vinejfar  in  surgery.}  It  11  fiiiily  funned  by  diMMilving 
olialk  in  aretic  acid.  When  tlic  (olution  Is  evtiporati,*(l  till  a 
pellicle  fvmw  cu  it*  nirliu.-e,  it  yields,  on  cooling,  tlie  acetatA  of 
lime  ill  fine  prr^ntatic  n«<tdl»  of  a  gluwy  appesuaoce  like  aatiii. 
;JUa  ^wvifii'  f^ravity  i>  l-«()Zi.|| 

It!  laue  is  bitter  aiul  sour,  because  it  kaa  an  excew  of  acid- 

M  aolubU  in  wat«r-     It  is  iwt  altered  by  (U(po»i)re  to  tW  airt 


*  PnounlMn,  Sdiwei|Q^'i  Jour.  xli.  SHO. 
t  Ann.  de  Oria.  M  ifo  Phy«.  xni.  tl7. 
i  nimi,  liti.  uKvL  c.  24. 
t  Wnneatna,  Ana.  tie  Chiio.  xxviii  12. 
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o*"'-     at  least  Morreau  kept  some  of  it  for  a  whole  year  meiely 

coveret!  with  paper,  and  even  quite  uncorered  for  a  mondi, 

without  its  undei^oing  any  alteration.*     Heat  decomposes  it 

by  disengaging,  and,  at  the  same  time,  partly  decompoung  its 

acid.     Mr.  Mills  has  observed  that  when  the  dry  salt  is  heated 

to  250°  and  then  rubbed  with  a  stiff  spatula,  it  becomes  hig^y 

luminous.f     The  constituents  of  this  salt,  by  my  analysis,  are 

1  atom  acetic  acid       .         .         B-SS 

1  atom  lime  .         8'A 

6  atoms  water  .         .         0-75 

36.  Binacetate  itf  lime.  When  the  preocdiiig>-  salt  b  dis- 
solved in  acetic  acid,  and  the  soludon  concentnied,  k  dieposta 
crystals  o!  binacetate  <^lime. 

37.  Lactate  of  lime.  A  gummy  mass,  which,  when  digested 
in  alcohol,  is  divided  into  two  portions.  1.  A  pore  lactate  cf 
lime  is  dissolved,  and  gives  a  shining  varnish  inclining  to  a  liglrf 
yellow  colourj  which,  when  slowly  dried,  cracks  all  over  and 
becomes  opaque.  3.  The  insoluble  portion  is  a  submalate.  It 
is  a  powder  which,  by  exposure  to  the  mi,  becomes  aawA 
like  gimij  or  like  malate  of  lime.^  The  lactete  n^en  m&- 
ciently  concentrated  forms  confused  crystals  whidi  resemUe 
cauliflower.  It  b  very  white,  opaque,  has  little  taste,  andil 
it  were  efflorescing.  It  dissolves  in  21  times  its  weight  <tfc<M 
water.  When  heated,  it  melts  into  a  transparent  liqnid,'theB 
swells,  blackens,  lakes  fire,  and  leaves  carbonate  of  lime,  j 

'  38.  Formate  of  lijne.  This  salt  crystallizes  in  nz-«ded 
prisms,  terminated  by  six-sided  pyramids,])  and  likewise  is 
octahedrons.^  Its  taste  is  saline  and  bitterish.  It  effloresea 
in  the  air.  Decrepitates  when  heated.  At  the  tempei^me 
64"  it  dissolves  in  ten  times  its  weight  of  water.  It  is  Inaididilt 
in  alcohol. 

39.  Mellaie  of  lime.  When  mellate  of  ammonia  is  mixed 
with  chloride  of  calcium  bulky  flocks  fall,  which  graduaDy  •■- 
ttame  the  form  of  white  light  needles,  having  a  oiKy  lastib 
When  dried,  they  retain  about  0-21  of  water.**  Hc3i6eAt 
constituents  of  this  salt  are  ' 

■  Morreau,  Gncycl.  Method,  i.  0. 

"I"  Annala  of  Philosophy  (2d  aeries),  viu  235. 

f  BerzeliuB,  DjuAemien,  ii.  437. 

5  Braconnot,  Ann.  de  Chim.  Ixxxvi.  67. 

y  Suersen.  t  GbbeL 

**  Wohler,  Poggendorfs  Aniulen,  vii.  330. 


'                       SALTS  Ui-  LIME. 

1  atom  moUitic  ucid     . 

65 

3-5 
2-25 

BMLVIt. 

1  Atom  lime        . 

3  atoms  water    .  .      ■ 

I 


10-25* 
40.  TartraU  <^ Ume,  '  TliMsaltinaybefonnvflby  dusolving 
limo  in  tartaric  acidi  or  more  vconomicaLly  by  dissolving  tartur 
in  boiling;  water,  and  uddin^  to  the  solulion  carbonate  of  liinv 
ia  powder  till  it  n-usvs  t<>  produce  any  effervesce iicl-,  iind  to 
reddeR  vegetable  blues.  Tartrate  of  lim«  precipitates  in  the 
state  of  a  wliitc  powder,  tiisteless,  nearly  insoluble  in  cold 
water,  but  soluble  in  <300  parts  of  boiling  wat«r.  It  li  fre* 
quently  found  in  crude  tartar  cryHtalliied  in 
OctahedroiiM  composed  of  tu'o  four-nided  pynt- 
mids  appltetl  bik»e  to  base.  Tlie  common  Ikuc, 
t«  a  ri;etiui^le.  Tlie  ligure  in  (he  mar^n  re- 
pHMwnLt  tills  crj-stal.  The  mcMurvmenta 
are 

»t  on »'  .         .         WO" 

y  on  y'        .        .  90 

It  is  rendered  soluble  in  water  byaiirxccsvof  acid,  or  by  being 
nixed  with  some  of  ihi-  soluble  tartrates,  sm  turturand  IWIiellc 
galL  Wken  in  tlic  state  of  a  dry  powder,  it  contains  a  very 
nsideroble  portion  of  w-ater.  from  which  It  can  scarcely  be 
twA  by  a  long  exposure  to  heat.  Ita  constituents,  by  my 
ilyftin,  are 

I  atom  tartaric  acid     .         .         6^23 
I  atom  lime  ,  iV5 

4  atoms  water     .  .         4-5 

16-25 
Tiiuaf-  of  limt.  When  vinic  acid  is  dropped  into  lime 
watrr  whit*;  Ack-Lh  procipitulc,  e»nHL«,ttng,  accortling  to  Walcli- 
ner,  of  exceedingly  fitiu  needles.  Vinic  acid  precipitates 
nitntle  and  muriate  of  Hmc.  This  salt  scarcely  di<cM>lve«  in 
vinic  acid,  but  it  dissolves  iu  muriatic  acid,  and  b  again  prcci- 
itated  by  ammonia. 
4*2.  Pyrotartfate  of  lim^.  ^^'llen  pyrotartrate  of  potash  it 
mixed  witli  chloride  of  uilcium,  a  precipitate  gnidiudly  fidla. 
^19  ult  ia  scarcely  Dolublc  in  water,  unlitt*  it  eontain  an  ex- 
oew  of  Bcid.f 

■  Tbe  ijuaatiiy  of  water  sctiully  TounJ  wm  S-06,  or  a  $iitfki»  ot  sbout 
eaa-tlurd  of  an  Blom. 
t  Rom. 


fiSO  OXTOSV  ACID  SAurs. 

owt.         42.  curate  ttf  Ime.     This  Mk  afiMmodbf  dlwdriBg-CBi- 

"  bonate  of  Udm  in  citrio  acid.     It  is  nsualiy  is  tiie  stile  oCi 

wMte  powder  Ecarcely  solubte.in  water;  Intt  H  iswlidilein 

an  excess  of  add,  and  may  be  obtained  from  tJliat  solutiaB  is 

crystals.     Its  constituents  are 

1  atom  citric  add        .         .         7-flS 
1  atom  time  .         0*5 


10-76 
AX.  Pyneibraie^Hme.     A  whiteman,cotBpo8edirfMttaaf 
needles.    The  taste  is  sharp,  at  50°  it  diasolreB  in  S5  timaHi 
wd^t  of  water.     It  n  composed,  acoording  to  Lmm%ii^  rf 
Pyrocitrio  add  48^ 

Lime       ....         23-33 
Water     .         .  :         8<M>0 


IpO  '• 

If  we  were  to  consider  the  atomic  weight  of  pyrodtrie  add'to 
be  7,  the  constituenta  wonU  be  . 

1  atom  pyrodtrie  add  .         .         7 
1  atom  lime  .         .         .        8*& 

4  atoms  water       .         .         .         4fb 


15 
45.  Malate  qf  lane.  When  malic  add  is  oentraliied  wA 
lime,  it  forms  a  salt  scarcely  soluble  in  water,  wMcdt  msy  bs 
obtained  in  crystals,  by  aliowtng  the  supermalate  of  lime  la 
evaporate  spontaneously.  Crystals  of  neutral  malate  are  fanned 
in  ^e  solution.*  But  this  add  has  a  strong  tendency  tit  com- 
bine in  excess  with  lime,  and  to  form  a  supermalate  tf  Hna. 
This  salt  is  formed  when  carbonate  of  lime  is  thrown  tato  naBe 
acid,  or  into  any  liquid  containing  it.  This  supersrit  ndsHlB 
various  vegetables,  especially  the  sempervirum  tectortn^'saJ 
•orae  of  the  sednms.  ' 

Supermalate  of  lime  has  an  acid  taste.  It  yields  a  pree^ 
tate  with  alkalies,  sulphuric  add,  and  oxalic  add.  Llmd  water 
•ataiates  tbe  excess  of  add,  and  throws  down  a  precipitate  tf 
midate  of  lime.  When  the  supemifdate  of  lime  fs  evapoitM 
to  dryness,  it  assumes  exactly  the  appearance  of  gum  ar^te; 
and  if  it  has  been  spread  tliin  upon  the  nail  or  wood,  it  fonnsa 
varnish.     It  is  not  so  soluble  in  water  as  gum  arable,  9sA  tiw 

•  Scheele,  Oell'a  Amiala,  ii.  5.  Eng.  Tran*. 


'fl  nUiins  water 
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SALT*  or  LIME. 

r-ta«c  rtncKly  distingiritlin  the  two.     8upornwiliit«  or  lime  U 
inKoluUf  in  alcohol.*    Ttiia  salt  always  Tcddcnti  rpj^tublc  blues. 
The  constiturotH  of  tlie  bimaUte,  as  doterminMl  by  Dracoii" 
not,  are 
^b  2  atoms  malic  add    .  17-0 

^^^^i  1  atom  lime  8'5 

According  to  iJiis  statement,  tlie  atomic  weigbt  of  maltc  nvid 
8-6. 

46.  Oimaivit  of  lime.  Tliis  ialt  is  fomied  wben  malic  acid 
b  dro[>[>eJ  into  an  cxcen  of  liino  wat«r.  It  precipitates  in 
while  fl(>cks.t 

47.  PjfritntalaU  oftimt.  Pyromnlic  add  occanoiu  no  preci- 
piciitc  in  limu  u'atvr.t 

48.  FuHfiaie  nflimt,  FuitgstP  of  potasb  does  not  pr«dpi- 
late  cbtoridn  of  csldum.  But  when  a  solution  of  lime  in 
fiii^c  itctd  is  cono-ntratt-d,  the  salt  is  deposited  in  pititos, 
wbicli  appear  to  \ye  obliqtiP,  four-§ided  prisms.  Taste  snlinc. 
Not  tltcrvd  by  exposure  to  tbe  air.  It  requires  about  80 
timt-s  its  wei^bt  of  cold  water  to  dissolve  iLf 

4y.  Mucaie  <if'liim.  A  wliilo  powder,  insoluble  in  water. 
But  tlie  bimucate  is  a  soluble  »t1t. 

50.  PffTomttoili:  qf  limt.  Small  crytlab,  not  altered  by 
expotuirv  to  (bn  air.  More  soluble  in  hot  than  cold  v-uter, 
and  insoluble  in  atcuhol. 

61.  SitcciHoit  <i/'  limr.     Tbis  ult  forms  oblong,  pointetl, 

jWD^t!lit|uescent  cryitluls,  whidi  are  difficultly  soluble  even  in 

iitK  waK-r.    It  i»  not  iitlt^n-d  by  expftsufv  to  tlic  air.     It  is 

'dccoiiipiauid  by  muriate  uf  uJuutoiiiH,  imd  by  tbe  fixed  ulkuUti* 

car  bona  I  cs. 

S'i.  Jifjtzoale  (^lime.  Tliis  lolt  forms  white,  sbiniii^,  pointed 
crj'stnls  of  a  swi'vli^b  ta«lc,  much  more  Hulublv  in  hot  tlum  io 
.Cold  water.  It  C3(i»ts  in  abundance  in  tbe  tiriue  of  eows.|| 
lOne  hundred  parta  of  cold  unter  dissolve  5  parts  of  llus  salt. 
\Vbcn  heated  it  melts,  g^ives  out  water  and  somv  beiiMiic  add. 

'tieii  the  heat  is  increahed,  aiiempyreumaticacMlissejaralod 
jW  to  buUam  of  Ft-ni-t 

•ff  tkbedt^  VMtqiMilin,  Ann.  il«  Ctata.  ixkv.  M. 
, ,  if-  DniMMtoot.  X  JLauaigoe. 

]  Braconiiot,  Ann.  do  Chim.  Inxvii.  S4V. 
I  VavKrvj  and  Vsiiqiiclin. 
1  Ductral*,  Oehten's  Joiinial  Olr  <1m  Clionte.  Pbrntti.  fto  u-  »4S. 
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523  oxyaxN  acid  salts. 

o-'-        53.  GaUate  qflme.    Similar  to  gallftte  of  barytM. 

64.  Kinate  ^  lime.     This  salt  may  be  obtuaed  by  i 
rating  yellow  Peruvian  bark  in  water,  concenttatitig  the  fiqndt 
and  getting  it  aside  for  ^Mntaneous  eviqmntion. 

It  is  white,  crystallizes  in  «quBce  or  riiomboidal  pl^H,  bai 
no  taste,  and  is  flexible  under  the  teeth.  -  ' 

It  dissolves  in  about -fire  times  its  weight  of  water  of  die 
temperature  of  55°.     It  is  insoluble  in  alcohoL 

On  burning  coals,  it  swells,  giving  out  the  smell  of  tartar, 
and  leaving  a  mixture  of  cafbonatc  of  lime  and  charcoaL 

The  fixed  alkalies  and  their  carbonates  precipitate  lime  fron 
the  solution  of  this  salt,  but  ammonia  produces  no  effecL  Sul- 
phuric and  oxalic  acids  precipitate  lime  likewise ;  but  neither 
acetate  of  lead  nor  nitrate  of  silver  produce  any  effect 

55.  Mtxonate  of  Hme,     It  crystallizes  in  prisms,  and  is  but 

little  soluble  in  water.    According  to  Chooknt  it  is  composed  d 

Meconicacid        ...         84 

Lime  .         .         .         .         ^ 

Water  ....         24 

100 

According  to  this  analysis,  the  atomic  weight  of  mecosic  add 
is  only  2-83  (a  very  unlikely  circumstance).  Were  we  ts 
consider  it  as  a  compound  of 

2  atoms  oxygen        .         .         2 
1  atom  carbon  ,         .         0*75 

1  atom  hydrt^n      .         .         0*139 


2876 
its  atomic  weight  would  be  2'875,  and  meconate  of  lime  wotdd 
be  a  compound  of 

1  atom  meconic  add  .         2-875   -  '" 

1  atom  Kme      ...         3-5 
3  atrans  water  .         ,         2*25 


8636 

56.  Boletaie  of  lime.  Four-sided  prisms,  having  a  iMttoiA 
taste,  decomposed  by  sulphuric  and  oxalic  acid,  and  soluble  is 
110  times  their  weight  of  cold  water. 

57.  CamphoTcUe  nflime.  This  salt  may  be  fonned  by  boil- 
ing carbonate  of  lime  and  camphoric  acid  in  a  flask  with  water, 
filtering  the  solution,  and  then  neutralizing  it  with  lime  water. 
When  sufficiently  concentrated,  crystals  cS  camphorate  of  Hbk 


I     and 


UK  <)epmit«d,  tlie  shape  of  wlik'h,  according  to  Birrnliardi,  ia    Ki^va 

a  fi»Qr'«tdc(l  oblique  prism,  Uio  huxs  of  which  are  inclined  to 

cad)  other  at  angles  of  l-20°  ami  GO".     The  taste  ts  bitterish 

^and  aMringent.     It  is  soluble,  avc4>rdiug  to  Bucholz,  in  5  limes 

weight  of  cold  wat«r,  aitd,  according:  to  nraiidefl,  very  aolu- 

^hle  in  hot  wfiter.     \\'h«»  hraii'd,  it  l>ecante«  0]ia<]ue,  aaaumeH 

a  browii  colour  without  mclliiig,  atid  at  lait  catclH?s  fire  and 

bums  will)  Bame.     Accunling  to  llie  analysU  of  Kreiides,  its 

^  flonatiliigntt  are 

B  Camphoric  ncid  47*065 

K  Lime      ....         U-533 

^^^^        Water  a7-500 

i 

f    58.  Sw 


lOOOW)" 

l>ty  the  trve  congtitutinn  of  titc  sitlt  is  m  follow*: 
,.(■>« -'1  atom  ciunphortc  acid       .       13*373 
I  atom  lime      .         .         .         3*S 
8  atoms  water  .         .         0*0 
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25-875 
68.  Su&fnUe  n/lhru..  Tlii*  salt  may  he  prepared  by  Iwiliiig 
a  mixture  of  Kubfric  aciil  and  carboiuito  of  lime  in  water,  till 
all  irvolutioii  of  mrlionic  ucid  is  at  on  end.  ^Vhell  tlic  filtvri*<l 
quid  b  concentrated,  tho  ^liberate  is  deposited  in  powd«!T  or 
in  pbhMt.  This  salt  does  not  ciyHtallixc.  It  iHjwTfcctly  white: 
11  lias  a  slightly  saltish  taste:  it  docn  not  rnld«ii  iIk-  tincture 
of  turnsole.  It  is  very  sparingly  soluble  in  wat«r  cxci.'pt  when 
hot ;  and  as  the  solution  eools  most  of  the  salt  precipitates 
again.  When  placeil  upon  buniing  coals  it  swells  up,  the 
add  t«  dccoinpiwedt  ai>d  tliCTo  remains  only  the  lime  in  ihe 
■Utc  of  iwwd<T.t  According  to  the  experiments  of  Brandes, 
loo  parts  of  wMn  at  llic  temperatuie  of  59^  ditsulve  0-25  of 
this«alt4 

59.  Stearatf.  (if  lime.  This  salt  may  be  obtained  by  mixing 
mIbUoim  of  chloride  of  calcium  and  stearate  of  potash.  The 
pradpitate  must  be  washed  till  tlie  water  employed  neither 
|M«df>itates  uitrale  of  silver  nor  oxalate  of  ammonia.  lu  p(o- 
pcrtieaare  umilar  to  ihoM  of  stearate  of  baryte^^i'^ 

60,  Marffarate  of  limf.  llic  propertluof  thisa>h«r«quU« 
similar  to  tliose  of  tlic  preceding  onc.||  ''      '  >"     ' 


■  Sdiwti^er's  Jour,  xxxriil,  26D. 

t  Scbwti^n'B  Jour.  uxiiL  96. 

S  CbevTcnl,  sur  Im  torpa  grsi,  p.  iB, 


t  Aon.  de  Chiia.  xxiil.  &8. 
y   Ibid.  p.  69. 
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OXVOBN  ACID'tUtTS. 


61.  dieate  fflime.  When  hot  solutioiu  of  chloride  vS  ad> 
dnm  an<l  oleate  of  potash  are  tnixecU  ol«ate  of  Hno  prcci])i- 
tnteti.  It  »  whit«  and  |)ulv«-utent  when  Aty.  It  welts  wbw 
ex)>«H6()  to  a  f(e»\\e  heat.* 

6*^.  PluxeHatc  (^  HtM.  It  may  be  formed  by  neatralixiiig 
phocciiic  nciil  in  «ol»lioii  in  wiiter  hy  KirbuoiUe  of  lioM 
Wh«D  the  solution  thiu  obtaiiicd  ia  coiiccutnOwl  in  neuo 
orrr  qnicJciinic,  pfaoconati?  of  limv  crystuUizo))  bi  primw^  Jt 
H  wiiiMi-  iti  wiitpr,  and  poBscsMH  diameters unalo^us  to  tkoM 
of  phowinlc  of  hary t«B.t  \    <  0 

6^.  liutyrale  of'  lime.  This  sidt  may  !><■  prepared  in  tb« 
aamc  way  as  butyrate  of  barytea.  It  crysliillizes  in  very  MuJI 
priainatic  needloH,  and  is  tmniparGnt.  At  60",  lOO  jiarli.  of 
irat«r  dimolve  17-58  parts  of  this  salt.  When  ihia  tiolutioa  it 
boated,  the  salt  cryntallizea  so  abundantly,  tliat  tbv  liqsU 
becomes  solid.    But  it  again  diiuolTat  when  oooletl  dtivii  to  €0°. 

Two  parts  of  butyiutc  of  lime,  and  3  of  butyrattt  oi*  Uin'irs 
ttlssolvod  in  water,  and  left  to  MpoiitancouN  i^rapocation,  dcpo- 
site  oc tailed rn DM.  consiJiliNg  of  tlir  two  Mdta  in  coiobinotton.} 

64.  CnproaU  <if  I'line.  ThU  mU  or}'»tiiUiK«(  in  brilluuil 
platea,  nuuiy  of  which  are  »qiumii.$ 

66.  C/uiietteraie  of  lime.  'Vhu  suit  U  very  little  soluble  i» 
mter. 

66.  Pinate  qf  lime,  it  may  be  formed  wh«n  a  coloareoai 
KiU  is  dropped  inro  a  Rolution  of  plnate  of  potaafa.  It  &1I*  is 
the  state  of  a  ycllowii>li  white  powder.  It  has  no  mecnblwire 
to  a  resin,  and  does  not  become  coherent  when  oxfi<.iM<d  to  (he 
heat  of  boiling  u'ater.  It  in  aiif^fatly  suluhh-  in  aleohoU  very 
soluble  in  ether,  aitd  in  oil  of  turpentine  and  olive  otL  iB 
con^tituenlfL,  uei-nnlitiir  to  Uiiverdorbcn.  ore 

I'inic  ui-id       .         .         .         lOU 
Lime     .         .         .         .  fi'17 


I 
1 
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67.  Siieate  of  lime.  It  may  be  prepared  by  a  proceo  mu> 
lor  to  that  which  yields  the  precediitg  lalL  Jt  dissolires  in 
about  5000  droea  ita  wci)fht  of  u-ater.  It  is  Nlif^fally  M^nlile 
in  alcohol  of  tlie  vpecific  frmvity  of  U-8t^;  but  it  dtmolrea  in 
6  time*  itMwrifrht  of  ubw>luu>  ulcohol,  und  it  is  still  more  sola- 
ble  when  tliv  alcohol  is  boiling  hot.     Aa  the  solutioa  ooollk 


*  ChcTTcul,  tur  lea  carpi  giM,  p.  93, 
t  lbid.|j.  184.       S  OitLf.  14a       II 


t  ItniLii.  lOtt. 
PogKfiiJarrs  Aiuinhai,  lii.  3H. 
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SALTS  OF  LIME.    I 


tlie  Milt  is  deposited  in  wtiitu  floclot,  which  b«fi>ra  Uw  inicro- 
scopo  iippcar  rrystAUiiie.  Thete  flodut  diKMlve  in  aiher. 
Wli«n  tb«  I'tlior  Kolutioiii  is  tnixt-il  with  iiljHuUitc  nU-i)Ui)I,  ami 
ieil  to  B]>onIaiicous  evaporation,  tho  silvatc  is  dcpoailMl  in 
eoloiiTleas  ^minst  whidi  appear  under  the  inicra»cof>e  as  nnail 
■phcrical  nawcfl  attached  to  each  other.* 

OH.  Cnrlm^otait  vfiimt.     (Jhtained  by  the  tame  process  at 

air1iia«4>iato  of  Inrylrft.     CryataU  flat,  fout'^iiled  prUowi  very 

I  aolabUi  in  wwter.     They  detonate  like  carbazotate  of  potosh.f 

\     60.  Vnitr  of'  lime,     A  white  [)owdert  scarcely  distinguuih- 

ahle  in  uppninince  from  uric  acid. 

7t(.  J'l/rvrate  t^'  timr.  This  salt  crj-stiiUixed  iu  mannUliuy 
Baatca,  it  is  oalnblc  in  watrr,  and  hut  a  bitt>-t  and  slightly  acrid 
tONte.  When  gently  heated  it  melts,  and  tm  i-oolin|r  axMtiine* 
til*  ■)>pearance  of  yellow  wax.  When  <Tni<.-iiied  in  n  jilaibuiin 
cmribliT,  it  leaveH  6*6  per  cent,  of  pur«  ltmo4 

'71.  Anparlate  ff  Hme.  'lliia  saltfonnsagfunnny  nuus.  Itn 
MMe  ti  nmtlMr  to  that  of  a»partnle  of  wnIo.  \\'hcn  boiled  witii 
urbcMKiie  bi  lime  it  hecomea  fleiuihly  alkaline^ 

72.  llylnfcarho-mlfihatt!  i/iinu:  'IliM  salt  U  obtained  by 
nixing  a  soluliun  of  chloride  of  calnum  in  .alcohol,  with  a  solu- 
lini  of  hylro^carbo-viilphiiu-  of  poUL'di,  chtoride  of  )iotii6siuin  k 
precipiuilt-^li  and  liyilro-cHrlio-Bulphiif  of  iiiiie  rentaliis  pretty 
pttrev  dinolvcd  !a  tlietdcohul.]|  Tbn[>r<^ttrtic«  of  this  salt  have 
not  been  invMlig^te^ 

lA.  SitlfiAawiHalt  <f  liiM.  This  salt  nay  be  obtnined  by 
sslursting  the  residue  after  the  prcpanilton  of  ether  with  car^ 
bouace  of  lime,  filtering  the  solution,  and  selling  it  aside  to 
^Kmianeous  cn'stallization.  I'ho  crystals  are  long  four-sided 
tables,  lint  altered  liy  exposure  to  llie  air.  'i'he  tast«  la  sweotuib. 
Tbo  salt  i)i«»olvctt  readily  in  water  and  in  alcohol.  When 
placed  in  vaouoorer  aulphuric  aoi<l,  tlie  crvKlafai  lutu  their  wattr 
of  crystnlliKiition  aiid  become  (ipiKgue.  When  heate<t  to  red. 
neM  tbcy  tidce  fire  and  burn  with  flame,  leavia^  Bulpliale  of 
limo  brhitui  When  distilled  in  a  retort  it  losea  it*  water  of 
m-stallizatiott,  tlieo.  becomes  bhictc,  ^vlnir  one  nn  mnpyn-tuniitie 
ether,  with  n  whltB  heary  <nl  whiidi  •iiiic»  in  wnter.     At  the 
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.1        .-V,  It  ii.   r\iii-i-j    liti  iHi(« '.il , 
•  UnvcnhKboBt  VoegmiatCm  AaMlrti  A  UK.. 
l.ii'iiij;,  Acin-  lie  Cbim.  ct  4q  Phjrt.  hkxv.  M.   . 
I  C'lH-vallicr  mil  Imm^,  IbEd.  ulL  160. 
$  PUuon,  iba<L  xl  314. 
t  Zebr,  Annnli  of  PhiloNopfey-<«d  •oieslbivt'Hfc  . 
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596  OZTOEN  ACID  SALTS. 

'*■'■     same  time  a  quantity  of  sulpfaurous  add  gas  is  exbicsted. 
There  remainsin  the  retortsulphate  of  lime  mixed  with  charco^* 

74.  Swiplumapkthalate  of  line,  A  white  salt  with  a  Intter 
taste,  soluble  in  alcohol,  and  when  the  8olnti<Hi  ia  evapoiated 
imperfect  crystals  are  deposited.     It  burns  with  flame.f 

75.  5tnapate  ^tiiw  is  very  soluble  in  water,  and  shoots  into 
mamillary  masses.:^ 

8ECTIOH  VIII. SALTS  OF  HAQN^IA. 

-  The  salts  of  magnesia  can  scarcely  be  said  to  have  been  knon 
till  Dr.  Black  published  his  celebrated  experiments  on  m^naii 
alba,  and  quicklime,  in  the  year  1755.  They  were  aAenrardi 
ezMnioed  more  in  detail  by  Be^;inan,  and  diflferent  salts  d 
magnesia  hare  been  since  described  by  different  cheUiBts. 
chuMcn,  1.  A  Tery  great  proportion  of  them  is  soluble  in  water,  and 
capable  of  crystallucing. 

2.  When  any  of  the  fixed  alkalies  or  of  their  carbonates  is 
dropped  into  a  salt  of  magnesia  a  white  flocky  prempitate  ttOl 

9>.  No  precipitate  appears  when  sulphate  of  soda  is  dn^^wd 
into  a  salt  of  magnesia. 

4.  If  phosphate  of  soda  be  dropped  into  a  salt  of  magnesia 
no  precipitate  appears ;  but  if  any  ammonia  be  added,  a  white 
precipitate  falls,  wliich  is  a  double  salt  composed  of  phosj^uirie 
and,  ammonia,  and  magnesia.  This  precipitation  ftinusha 
the  best  method  yet  known  for  separating  magneraa  from  otha 
bodies,  and  detennining  its  quantity.  It  was  first  pointed  out 
by  Dr.  WoUaston. 

5.  Prussiate  of  pota^  occasions  no  precipitate  in  a  ssilt  df 
magnesia,  unless  the  acid  happen  to  have  a  metal  for  its  ^am. 

6.  Magnesia  has  a  greater  tendency  than  any  of  the  famCi 
whose  salts  have  been  already  described  to  enter  into  double 
compounds.  The  base  with  which  it  is  most  giv^  to  luuta  is 
ammonia. 

7.  When  a  salt  of  magnesia  is  tinged  with  a  little  nitrate  of 
cobalt,  and  fused  before  the  blow-pipe  with  a  strong  blas^  it 
assumes  a  tmejleth  colour,  the  tint  of  which  is  rery  feeble,  and  . 
not  ea»ly  dbtinguisbed  till  the  assay  is  periieclly  cold.  This 
fitct  was  discovered  by  Assessor  Gahn,  and  was  used  by  him 
with  success  to  discover  the  presence  of  magnesia  in  minenl 

•  Vc^l,  Oilbert'a  Aonaleo,  IxiiL  SO. 

f  FerBday,  Annata  of  Philosophy  (Sd  aeriet},  xii.  810. 

j  Henry  and  Qanit. 
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SALTS  OF  MAOKKfllA. 

^bodiM.     Ic  aiuwere  al»o  «-ith  sevenil  »f  Uie  salts  of  roa^eaia ; 

It  when  tbe  add  is  coinbuMible  or  vnUtile,  and  leaven  pure 

MHsia,  we  are  not  tJaW  Ui  acconiplisli  l)ie  fusion  by  tlie  hlovr- 

pip^S  in  iuch  c*9trH  wv  muiit  luid  bunix  or  bi{)liO!>pliate  of  mxU. 

1.  SttipKate  ofmaffMt*ia.     I'hiK  salt  ih  beld  in  solutiou  in  llie 

■priiigs  nt  I'LpMtui  in  KugUud,  mid  was  piociiri^il  from  ilivin  l>y 

evaporation  inorf  tluut  ii  ci*ntury  ngn.     Hcnoc  tiit:  tvnn  Efntotn 

mill,  )>y  \t  liicli  it  was  lonjr  di»lin^iii.>Ju-<l.     It  wiu  csiUod  also 

aai  caliutrlictu  amarua  iioja  its  taste  and  properties,  and  Seydler 

nil,  because  it  cxiNt«  in  the  Seydler  spring  at  Seydschutch  a 

Tillage  ill  Baliemia.     Some  account  of  ic  was  given  by  Grew 

ill  107^ ;  and  in  1720,  Mr.  Brown  published  a  description  of 

liv  pruc««8  employed  in  extractiug  it  from  the  springs,  and  in 

'^ purifying  it.*     In  Italy  it  is  inaniUactured  from  schistose  miue- 

nls,  ooiiuiaing  tiulpUiir  and  magnesia.     11)'   roasting  tlie:ie 

ninerala,  and  then  moistening  tlieni  aiid  exputting  thvin  to  the 

air,  tho   salt    effloresces  on  tbeir  surface.      By   solution  bi 

water,  witlt  tlic  addition  of  a  little  Umo  to  precipitate  any 

netallic  BUbftluitce  tliut  ouiy  bv  in  Kulution,  and  repeated  crys- 

tallixatiotis,  tlie  nit  w  obtaiiicil  in  u  itUiU;  of  putity.f 

Jt  «uitB  in  MNtsidcrablo  quanliiy  in  aca-watar ;  and  the  un> 
residauin  in  the  siilt  pans,  after  idl  the  common  salt 
eryvUllued,  consists  partly  of  tliis  aalt  dissolved  in  water. 
Illla  rewduum  is  usually  called  bittern,  and  sometuacs  in  Scot- 
land tjiirit  of  Halt, 

Sulplintc  of  nuigne«u  cry&tallizu  in  right 
prisms,  the  biiM-s  of  which  to  the  eye  u|>)>ear 
K}uares;  but  from  the  memuremciiu  of  Mr. 
Umroke,  it  appean  that  tlie  auf^lM  deviate  m 
little  from  ri<;)i(  anglers  bi.-in|;  90°  QO'  and  8»° 
SO.  The  fi|;urf  in  tin;  luaixin  represents  h 
preUy  common  form  which  this  salt  as»uaies. 
Tbe  following  arc  the  measurements  of  Mr. 
■,      lirooke.t  !■ 

■  M  on  M'                             QO*  SO* 
^^^^p          M  wi  A                             134   45 
^^^^T.         ^I  on  <                              1'20   00 
^^^^^           a  on  a                               120   nearly. 
HTbfl  cryeiaU  rcfntct  doubla  „     ,    

■  •  Ptill.  Tnuu.  s»iL  346. 

^      t  Ann.  da  Cbiin.  xJviu.  sa     Sdi'ilU^dlABAlt  Joitr.fiL  H9.    Auilo- 
count  of  tbt  amiAetorj  hu  been  pubUafHf  Dr.  HollMd  b  VhO.  Tnma. 
1KI6,  |>.  SM. 
t  Anaala  of  Philmophy  (Sd  tetito),  *i.  Mi 
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^^*'  Tlui  nit  Im  m  mtrawly  bitter  taste.  lt«  specific  gntri^ 
iil-66.*  Ai  the  tempeimture  of  550  100  water  diMolTctWHll 
ctf  ^  ciTJtals.  at  60°  it  is  soluble  in  its  own  weight  of  witv, 
and  in  1««  than  two-thirdi  of  its  weight  of  boiling  mter/f 
Th«  Tolame  of  water  is  increased  i^ths  by  adding  the  nlL^ 
When  exposed  to  the  air  it  effloresces,  and  is  redoced  to  pow 
der.  lA'beD  exposed  to  heat  it  unde^oea  the  watery  ftuum; 
and  br  increasing  the  temperature  its  water  ia  evaporated,  bsl 
it  cannot  be  decomposed  by  means  of  heat  Before  the  Uow^ 
pipe  it  melts  with  difficulty  into  an  opaque  ntreoni  g^obakif 
Is  eoDSiiraeais  are 

1  atom  sulphoric  acid         .        .  6 

1  atom  magnesia  fi-6 

7  atoms  water  7*876 
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ll  appcan  from  die  observations  of  M.  Plandie,  tint  1 
drr  »ulphate  of  niMinesia  in  powder  is  mixed  with  dry  bic^ 
bMUte  ttt'  soda,  the  two  powdera  gtadually  act  upon  esch  olhi^ 
and  a  double  decomposition  takes  place.|| 

*^  &alpkite  qfmaffHetia.  This  salt  has  only  been  exaiUBe^ 
br  Foumvy  and  Vauquelin.  It  is  prepared,  like  the  otbei% 
by  saturadng  cnT^onate  of  nu^esia  with  sulphuroua  add ;  a 
vioWnt  eden'o^oonot*  takes  place,  and  the  liquid  becomes  waiK 
The  sulfhite  as  it  tVirms  remains  at  the  bottom  in  the  fbm  at 
a  while  {lowder :  but  if  an  excess  of  acid  be  added,  it  disaoln% 
and  may  be  obtained  in  cr^'stals  by  subsequent  exposure  to  the 
«r.  Its  i-r>-5tals  are  white  and  transparent  and  in  the  fbm  of 
deprewol  tetrahedrons.  Its  specific  gravity  is  1-3802.^  Its 
lasie  is  mUd  and  earthy  at  first,  and  afterwards  sulphureos^ 
ll  becvmos  0}xique  when  exposed  to  the  air ;  but  is  very  slowly 
CODverted  into  a  sulphate.  At  the  temperature  of  60°  it  11 
M^uble  in  'M  yarts  of  water.  Boiling  water  dissolves  a  gteato 
pixi}^trti>>n  of  it:  but  the  solution  cr^'stallizes  on  cooling.  What 
its  solution  in  water  is  exposed  to  the  air,  this  salt  ia  very  soon 
ixxiverted  into  a  sulphate.  By  exposure  to  beat,  it  soften^ 
swells  U[v.  and  becomes  ductile  like  gum,  and  loses  0-45  parti 
of  its  weight.     In  a  strong  heat  the  acdd  is  disengaged,  ud 

•  lUsxrnfrBii.  Aoo.  fUm.  xxviL  IS.  t  Berpnan,  OpUK.  L  STf. 

t  B«vi<>«>>  Oftac.  i.  377.  $  Ibid. 

I  AiiikU»  M'  I'hilun^ih.v  (id  series),  lit.  M3. 
^  tlauralnu.  Ann.  Je  Chin,  xxviii.  H. 
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the  rardi  remaiiu  pure.     Krom  the  analysis  of  Fowrcroy  and  '■°'-^'"'- 
Vi»t(|uoliii  tlicro  is  some  tcuwd  to  U>l!cYe  tbat  the  con»liuiciiw 
of  thh  salt  arc 

1  atom  Bul^huruus  ucl<I         .         .  4 

I  atom  magne&in         .  .  S'5 

4  atonu  \niter  ...  4-5    . 

II 

S.  tfifixMu/pkite  of  nutjfntiia.  'Itu*  anlt  la  ciwtly  vbtaiuod 
by  tiniling  a  Kohition  of  sul|>hit«  uf  iiuign<>sta  atid  flowers  of  ^ 
sulpliur.  It  bas  an  intensely  bitter  tast«,  is  very  soluble  in 
waler>  but  doo«  not  delitjuetce  wben  expoHed  l^the  air.  It 
readily  crytlsUiseii  in  cooling,  ^\'ll«a  luiid  on  •  hot  iron  it 
honiH  witli  u  blni!  flame,  but  i«  inciipablc  of  mutiituinin^  com- 
biMtioo.  Ikfore  the  flamo  of  the  blow-pipe  it  Hwells  into 
a  fiinf^us  mas*  by  tlie  escape  of  the  acid  preciwly  at  botax 
ioe*  by  tti.it  uf  tratcr.     Pure  ii>a|ri)fstiL  lomuitu  WluRd.* 

4.  f/t/poiulpliak  of' nuiffntfia,     Tliis  salt  may  be  funnod  bjn-, 
nizloff;  wbitioos  of  »iilpliate  of  magnesia  aod  liy]io«ulphate  o£.i 
itryti^     11ie  solution  miiy  be  concentrated  by, huilin^;  bat 
FltypoQulphalt^  nf  miignoHia  U  iu>  very  soluble  iii  water,  tlial  il  ia 
rery  difficult  to  obtain  it  ia  regular  crystals.     Tlie  crj'stals.i 
appear  to  bv  liLT-tttded  prisms,  with  anj^les  of  120^.     Wheo.i 
Itraii'd  they  melt  in  the  water  of  crytlHllizntiofi.     At  HH"  tiicy  i 
iliiaolve  in  0'85  of  their  weight  of  tvuter.     They  are  not  nlu-redl 
hj  cxpoiiure  to  the  air,  and  bare  a  very  bitter  KusU,     Froa  Um  » 
analysU  of  Herren  they  appear  to  be  composed  of  ,„ 

1  atom  hyposiilphuric  acid         .         ,  i)  ,^ 

1  atom  ma^iutui  .  .  3-5  jir 

6  UoBu  water  ti*7d  ■ 

*5.   Sitrtiii-  f^  mag»f»ia.     Tlie  compoutiou  of  thii  nit  WHm 
Gr«t  niicvrliiiiied  by  Or.  Dtock.     Bcrginan  U  the  only  dwoust 
who  luH  givfii  a  dctiiilcd  description  uf  it.     It  iit  usually  pro 
paml  by  gatiiruting  nitric  licid  with  muffuesiu,  and  evaporating.* 
to  a  proper  cuii«iatency.     TIte  salt  ay  stall  ixes  an  the  solution 
cooh.     It  cryittallbeA  In  rhoinboidal  priMAi,  juui  olWii  ij>  «nall 

'  ■^Ilrit  nttachcd  to  otic  another.     \ti  (twtc  is  very  bitter  and 

'  iftagracable.     ll»  apacUe  gravity  is  I  •liO^ 

•  Hcnchdl,  Edin.  Itiil.  torn.  L  }|. 

+  Poggcndarf'*  Aniwicn.  vU.  IT!)l 

J  flMMnfrati,  Ami.  ik  Clwii.  xirii.  18. 

II.  2  M 
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c'— *■  At  tlie  temperature  of  60°  it  is  soluble  in  little  more  thin 

its  weight  of  water,  and  still  more  soluble  in  boilii^  water. 
Alcohol  ofabout  0*840  dissolves  ^tliof  its  weight  of  it.*  Whn 
exposed  to  tltc  air  it  gradually  attracts  moisture  and  deliquesco. 
When  heated,  it  undergoes  the  watery  fiision ;  and  when  iti 
water  is  evaporated,  it  assumes  the  form  of  a  dry  powder.  In 
a  strong  heat  it  gives  out  a  little  oxygen  gas,  then  nitrous  gn, 
and  lastly  nitrous  acid ;  and  the  earth  remains  behind  in  a  tbtc 
of  purity.-)-  It  scarcely  detonates  with  any  of  the  ctrnibustible 
bodies.     Its  constituents,  by  my  analysis,  are 

1  atom  nitric  acid         .         .  6*75 

I  atom  magnesia  .         .  2*5 

6  atoms  water  .         .  6*75 
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6.  Chlorate  of  magnesia.  This  salt  may  be  prepared  in  iLe 
same  way  as  chlorate  of  lime,  which  it  resembles  in  moriof  id 
properties. 

According  to  the  analysis  of  Mr.  Chenevix,  its  constitaentt 
are 

600  acid 
95*7  magnesia 
14  "8  water 


lOO-OJ 

Hence  the  constituents  are  probably 

1  atom  chloric  at^d 

9-5 

1  atom  magnesia 

2-6 

2  atoms  water                 .  - 

2-25 

14-25 
7.  Carbonate  of  maffnma.  This  salt  occurs  native.  H  u 
said  that  even  hills  of  it  exist  in  Hindostan.  It  may  be  fwnw" 
artificially  by  passing  a  current  of  carbonic  acid  through  mig- 
nesia  dissolved  in  water,  a  solution  is  obtained  which  depoaO 
small  crystals  of  carbonate  of  magnesia.  It  is  formed  also  when 
solutions  of  sulphate  of  magnesia  and  bicarbonate  of  potMhM* 
mixed.  The  crystab  are  oblique  rhombic  prisms,  the  facet  of 
which  are  inclined  at  angles  of  86°  30'  and  93°  30'.  V» 
base  of  the  prbm  makes  with  the  lateral  faces  an  angle  of  102*. 
The  acute  lateral  edges  of  the  prism  are  often'  replaced  b; 

•  Bergman,  i.  136.  t  Wenid,  p.  B5. 

f.  Chenevix  an  Hj-peroxygenaed  Muri«tic  Acid.    Phil.  Trans.  1801. 
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It  planes.'     When  tlieae  crj'StaU  are  exposed  to  tlie  ait   "»*■  v'"- 
dl*y  lo»e  t]ieir  water  and  fall  to  powder.     Tlic  ct^'hUiU  arc 
tastelesB,  nii<l  <ltMolv<>  in  49  timoH  tlii-ir  wcifrhl  of  uTittT.     They 

fve  no  sensible  taate.     Dr.  Murray  of  IMfust  hasintrotliiced 
lolution  of  magnesia  in  water,  aeidiilaled  nith  carbonic  aci<t 
a  in<'<lirtne.     It  seem^  an  excellent  preparation  whcrr  the 
use  of  ni;>);nct«t.i  !.«  indicated. 
\  Native  carbonate  of  ma^esia  is  anhydrous ;  but  tlie  artificial 
ka  compound  of 

I  atom  curbuiiic  aeiil         •         .         S-75 
1  atom  magnesia  .         .         3'5 

0  atoms  tt-Bt«r  .         .         O-n?!!) 
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bo  salt  wliicli  BoiiuiiiKatt  conitidcrcd  as  a  M^stjiiiuirbonatc  of 
nagnesia  is  obviously  tins  salt,  not  quite  free  from  n  little 

rdmte<l  magnesiaj.  i 

B.  Suhcarfxmalf.  ofmaftttesia.  When  a  hot  solution  of  sul- 
tbote  of  msj^csia  i.i  precipitated  by  carbonate  of  potasl),  and 
Ji«  previpitute  wuslied  with  water,  m  long  as  it  continues  to 
iiasolve  cuTbonalc  of  nui^iesia,  a  white,  Ijistelew,  soft,  clastic 
Mwder  remains,  soluble,  .-icvimliitg  to  Dr.  l-'yfe,  in 'J 493  limes 
It  weight  of  cold,  and  in  !>000  times  iti  weight  of  boiling 
■Cor.  It  dissolves  in  an  ac|ueous  solution  of  carbonate  of 
Mbtth  or  s>ii(lm  and  in  sulphate  and  nitrate  of  potafh.  When 
lie  solutions  are  heated,  titc  white  Duigiicsiaii  salt  precipitates 
igaiti.  This  white  powder,  aeeonling  to  the  analysis  of  Ber- 
iiM,  k  »  compound  of 

•1  atoms  carbonic  actd  .         t)'*25 

4  atoms  nu^ieHia        ,         .       10-0 
4  atoms  water     .         .         .         4*fi 


22'75§ 
alius  con!u<ler)  it  as  a  compound  of 

3  atoiai  carbonate  of  magnesia, 
I  iit4)m  quaterhydratc  of  magnesia. 
Il'be  UMt/m:*ia  alb*i  of  tlie  shops  is  a  mixture  of  tlie  carbonate 
«ubciirbonat«  of  inognc*ia  in  different  projiorlions.     It 
Slltiufff  th«  more  of  the  carbonate,  and  th<'  les^  of  the  subcar<- 
tiw  lower  the  temperature  at  which  the  precipitation 

Brooke,  Anoalt  of  PliiliMopli}'  (SH  ncrim)),  n.  373. 

Dertdiiu,  ArhnmlltiifEBr,  vi.  tl. 

Ann.  tie  ('him.  <«  <le  T^jm.  ixii.  2U.  }  Arhsmllin^r,  vi.  iO. 
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'^'— *■     of  the  iBagneBia  U  effected.    TTie  propoitioiu  of  the  conititii- 
ents,  according  to  Denelius,  are  as  follom : 


Carbonic  add 

86-58  to  86-4 

Magnesia 

4t-60  to  49-3 

Water 

SI -82  to  20*4 

100-00    100-0 

9.  Bicarbonate  of  magnetia.  Carbonate  of  magnena  dis- 
Bolves  in  water  impregnated  with  carI>onic  ackL  The  solutin 
has  a  bitter  taste,  becomes  muddy  when  heated  to  167°,  but 
become  again  transparent  on  cooling.  It  reddens  v^elable 
blues.  Thu  is  Dr.  Murray's  solution  of  m^nesia  mentianed 
above, 

10.  Pho^kate  of  magnesia.     This  salt  was  tint  fonnad  by 
Bergman  in  1775.*     It  was  examined  with  much  cave  by  die 
Indefetigable  Vauqaelin.f     It  may  be  prepared  by  dtnolvaig 
carbonate  of  magnesia  in  phosphoric  acid,  and  eTs^ntiBgthi 
Boludon  gradually  till  the  salt  crystallizes ;  bnt  it  may  be 
obtained  in  large  regular  crystals  by  a  much  easier  pioeii% 
first  pointed  out  by  Fourcroy.    Mix  together  aqueous  solotiaBi 
of  phosphate  of  soda  and  sulphate  of  magnesia  in  atanuB  pKH 
portions.     No  change  takes  place  at  first;   but  after  mm 
hours  crystals  of  phosphate  of  magnesia  are  deposited     Fev 
croy  describes  them  as  nx-sided  prisms,  with  unequal  wim. 
I  obtained  them  in  flat  four-sided  prisms,  having  a  alky  iaitgt, 
and  destitute  of  taste.    According  to  Vauquelin,  Uiey  diMcJn 
in  15  times  their  weight  of  cold  water,  and  they  are  sdll  not 
soluble  in  hot  water.     Their  constituents,  by  my  analysiifSt* 

1  atom  phosphoric  acid  .  4-5 
1  atom  magnesia  .  .  2*5 
7  atoms  water  .         .         7-876 
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1 1.  Dipkoap/uite  ofmagmaia.    According  to  Rifiuil:^  wki 

the  preceding  salt  is  boiled  in  water,  a  white  powder  isfomn 
composed  of 

1  atom  phosphoric  acid      .         4-d 

2  atoms  magnesia  .         5 

1  atom  water  1*126 


10-626 

12.  Phosphite  of  magnesia.    When  phosphite  of  potaah  and 

•  Opusc.  i.  390.  t  Jour,  de  I'Ecole  P<riytectoiqae. 


SAiaV  or  HAGKBSIA. 

|*ul[i)nte  or  magrK-oiit  Krc  mined,  this  snlt  prooipitntt^f  in  wliitc 
|tertc1««B  flocti&  They  are  soluble  in  400  times  Uieir  weight 
ofciiM  water,  nnd  not  much  more  >K)Ui))le  in  hot  water.  The 
•quiHiU4  sohiiioii,  by  <i|>oi>t-iiie<iu.->  ova]  10  nit  ion,  deposits  tetru- 
jbrdral  cry.iUii«,  which  ■■Hlurescc  in  the  uir.  From  tiic  luiulyHis 
'  of  Kourcroy  and  \'auqu«Uji,  tlte  constitueuto  of  this  salt  appear 
tobc 

I  atom  phosj>horaus  iicid   .         3-5 
1  aUtm  aiagiiemia       .         .         3'ii 
It       .*)  ab»n»  wjiUT  .         .         3-375 
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a.  Til  I. 
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13.  Ameniatf  of  maijHeaia.  lliis  Kidt  may  be  obtained  by 
lUtlni;  rather  dilute  Molutiotis  of  sulphate  of  DiBgiievlii  imd 
■ntftiiatc  of  (lodn  in  atomic  proportions.  After  a  few  hours, 
KKno  irBeniBte  of  mat^tR'nia  precipitates  in  a  fine,  whitu,  loooe 
■tote*  wmiJar  in  a|tpearauce  to  hydnitc  of  magnceia.  lit  *24 
Itoim,  a  numU'r  of  cryataU  of  the  wunc  salt  make  their  appear- 
■nee.  Tlioy  uv  small,  transparent,  four-aided,  flat  prUma, 
with  very  oblique  terminationi.  They  coiLMitute  tofts  of 
crystals,  radiating  from  a  eetitre,  and  arc  formed  in  tlie  portion 
of  the  aolt,  which  haw  tii(>  form  of  a  powder.  The^v  crystiils 
■re  tntwpnrtuil  and  tuHU-U-«)>,  1000  piirts  of  boiling  wnter  dis- 
solve 1*6  of  tiiem,  and  the  solution  has  no  sensible  taste. 
h-The!r  coniitituents,  by  my  aiialyus,  are 

i  altnn  amenie  acid     ■         .         7*25 
I  atom  miiKiiesiii         .         .         Q*5 
%  atoms  water  .         ,         0 

18-76 
14-   BinarKninle  nf  magnesin.     A  gelatinous,  utwrystalli^* 
^olde  matti-r,  m>lubli'  in  water. 

15.  Tiilioralt tjfnwgntfia.  Ttdit  wdt  ocetin;  in  the  mounltdn 
lof  Kalkberg.  near  Luiiebui^h,  aiid  in  one  or  two  other  spots 
\\a  small  cubic  crj-stala  in  ffj\y%am.  These  cubes  luive  iKually 
their  ed)r<>ii  i\nA  four  of  their  aiifrlo^  truncated,  I(  lit  so  liani 
as  to  semtcb  glass,  and  to  strike  lire  with  sieel.  Its  Hpeci6c 
gravity  is  '2'Aftr>.  When  heated,  it  becomes  rle<tric;  and, 
wlial  is  <nnti;ulnr,  tJie  truncated  angles  are  always  po«lirely 
electric,  while  the  opposite  entire  oneti  are  negative.* 

TbrM  crystnk  arc  insoluble  in  water,  and  not  idlered  hy 
p«xpo<iure  W  tlie  air.    When  heated,  they  decrepitate :  in  a  red 
■  Ifkiiy,  Ann.  <lc  Chim.  Ix.  M. 
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*^''-  heat  tbey  lose  their  lustre,  but  do  oot  Bensibly  dtmini^  in 
Te^;bL  In  a  white  heat  they  lose  (H>03  of  thnr  we^t 
"When  expoeed  to  the  ut^on  of  a  very  violent  heat,  they  melt 
into  a  yellow -coloured  glass.  It  was  first  accurately  analyud 
by  Arf>-ed$OD,  who  showed  it  to  be  a  compound  of 

'2  aioDu  boiaeic  and  .  6 

1  atom  magnesia       .         .         S-5 

8-5 

When  ma^e^a  and  boracic  acid  are  digested  in  water,  and 
ike  solution  concentrated,  ^rnall,  irregular  crj'stals  are  depo- 
sited ;  but  their  nature  has  not  been  determined. 

1 6.  Si/icate  ofmagnegia.  No  fewer  than  seven  combinationi 
of  silica  and  magnesia  occur  in  the  mineral  kingdom ;  namely, 

( I.)  Cbrj-solite,  which  is  an  anhydrous  silicate  of  magnenn 
(2.)  Nephrite,  which  is  a  hydrous  silicate,  composed  of 

1    atom  water, 

1  \  atom  ^cate  of  magnesia. 

(3.)  Serpentine  or  hydrous  sesquisilicate,  composed  <tf 

1  atom  water, 
I^  atom  silica, 
I     atom  magnesia. 

(4.)  Picrocosmiue,  or  anhydrous  bisilicate  of  magnesia. 
(5.)  Schiller  spar,  or  hydrous  bisilicate  of  magnesia. 
(6.)  Pyrallolite,  or  anhydrous  tersilicate  of  magnesia. 
(T.)  Meerschaum,  or  hydrous  tersilicate  of  magneua,  coot- 
posed  of 

4  atoms  water, 

3  atoms  silica, 

1  atom  magnesia. 

17.  SdeniU  of  magnesia.  Selenious  acid  decompose*  OB- 
bonate  of  magnesia,  and  forms  a  crystalline  matter,  wtun 
dissolves  in  boiling  water,  and  deposites  crystals  in  the  form* 
small  prisms  or  four-sided  tables.  When  heated  it  gives  oot 
its  water  of  crystallization,  and  becomes  similar  to  enamel,  I' 
does  not  melt,  nor  is  it  decomposed  when  heated  to  redness; 
but  it  attacks  glass,  and  gradually  makes  its  way  through  it 

IB.  Biselenile  qf  magnesia  is  obtained  by  dissolving  the 
selenite  in  selenious  acid,  and  pouring  alcohol  into  the  solution- 
The  biselenite  precipitates  in  the  form  of  a  pulpy  and  coherent 
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masg,  which  attracts  moisture  from  the  atmosphere,  is  soluble  s«tviit. 
in  water,  but  does  not  yield  crystab,* 

19.  Chromate  of  magnesia.     This  salt  crystallizes  in  beauti- 
ful,  transparent,   yellow  crystals,  which  arc  flat  rhomboids, 
having  usually~fheiT  obtuse  angles  truncated.     It  is  very  solu- 
ble in  water.     Its  constituents,  by  my  analysis,  are 
1  atom  chromic  acid  .         6-5 

1  atom  magnesia         .         .         2*5 

2  atoms  water  .         .         2-25 


11-25 
When  this  salt  is  exposed  to  a  strong  red  heat,  it  is  partially 
decomposed ;  for  it  is  no  longer  completely  soluble  in  water, 

20.  Molybdate  of  magnesia.     This  salt  may  be  formed  by 

boiling  a  mixture  of  molylxlic  acid  and  magnesia  in  water.    It 

crystallizes  in  small,  white,  four-sided  prisms,  not  altered  by 

exposure  to  the  air.     The  taste  is  at  first  bitterish,  and  then 

astringent  and  metallic.     It  dissolves  in  from  12  to  15  times  its 

weight  ofcold  water,  and  when  ignited,  is  converted  (by  tlie  loss 

of  its  water)  into  a  yellowish  mass.    Its  cousdtuents  seem  to  be 

1  atom  motybdic  acid  ,  9 

I  atom  magnesia  .         .         2*5 

4  atoms  water      .         .         .         4-5 
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21.   Tuiufstate  of  magnesia.     When  tungstic  acid  is  boiled 
with  carbonate  of  mngnesia,  the  li<jiitd  yields,  when  evaporated, 
tungstate  of  magnesia  in  small  brilliant  scales.     It  is  soluble 
in  water,  not  altered  by  exposure  to  the  air,  and  has  a  taste 
similar  to  that  of  the  other  s|»ecies  of  tungstates.     When  an 
acid  is  dropped  in,  a  white  powder  or  double  salt  precipitates. 
23.  Oxalate  of  magntsia.     This  salt  may  be  formed   by 
limbic  decomposition,  or  by  digesting  carbonate  of  magnesia 
ia  a  solution  of  oxalic  acid.     It  is  a  white  bisteless  powder, 
scarcely  soluble  in  water,  und  not  at  all  in  alcohol.     When 
strongly  heated,  it  leaves  pure  magnesia,  without  any  mixture 
of  cliarcoid.     Its  constituents,  by  my  analysis,  are 
1  atom  oxalic  acid       .         .         4-5 

1  atom  magnesia         .         .         25 

2  atoms  water  .  .  2-25 


O-ia 

*  Bcrzdiiis,  Ann.  ik  Cliiiii.  I't  ilc  Phis.  ix.  8G4. 
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"» '■        33.  Binoxabzte  of  magnesia.    Iliis  salt  is  fanned  vIwd  toli- 

tions  of  buioxalate  of  potash  and  sulphate  of  imgnriTi  nt 
mixed  in  atomic  proportions.  ^\1ien  the  liquid  is  ooneentnttdt 
crystals  of  binosalate  of  magoesia  are  gradually  dqwritedi 
lliey  are  pretty  tai^e  flat  rectangular  four-sided  prums,  Iti 
taste  is  acid,  aiid  it  reddens  v^^table  blues.  It  does  DOtdii- 
solve  completely  in  water ;  when  digested  in  that  liquid  a  coi>- 
eiderable  portion  of  the  oxalic  acid  and  some  magnesia  are  dii- 
Bolved,  and  oxalate  of  magnesia  remidns  behind.  When  heated, 
oxalic  acid  readily  sublimes.  Its  constituents,  by  my  analyse 
are  as  follows : 

2  atoms  oxalic  acid    .         .         9 
I  atom  magnesia       .         .         3*5 
7  atoms  water  .        .        7-875 
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24,  Acetate  of  magnesia.  This  salt  is  easily  formed  by  dis- 
solving magnesia,  or  its  carbonate,  in  acetic  acid.  Itcannalbl 
made  to  crystallize,  A  neutral  solution  of  it  was  coDcentnted 
in  vacuo  over  sulphuric  acid.  It  gradually  in^iissated  intoi 
thick  transparent  jelly,  which  was  exposed  for  some  time  to  de 
heat  of  the  sand  bath.  Being  laid  in  a  cool  place,  it  became 
soli<l  on  the  surJace,  but  renudned  liquid  below.  Being  stirred 
with  a  glass  rod  the  whole  concreted  into  a  white  opaque  oy*- 
tallinc  looking  maiiii,  not  unlike  loaf  sugar.  It  did  not  deli- 
quesce though  left  for  a.  week  in  a  damp  room.  The  taste  d 
this  salt  is  liot  and  bitter;  at  first  it  gives  a  slight  imprcsBC 
of  acetic  acid,  which  soon  passes  off,  leaving  a  very  disagreeibli 
taste  behind.  It  is  very  soluble  in  water  and  in  alcol^  It 
constituents,  by  my  analysis,  are 

1  atom  acetic  acid     .         .         6-36 
1  atom  magnesia       .         .         3'6 
5  atoms  water  .         .         5-636 
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35.  Lactate  of  magnesia.  When  the  solution  of  this  nltii 
evaporated  to  the  consistence  of  a  thin  syrup  and  left  in  a  wani 
place,  it  shoots  into  small  granular  crystals.  When  hastily 
evaporated  to  dryness  it  furnishes  a  gummy  mass.  Alcoholn- 
solves  it  into  two  subspecies  ,*  neutral  lactate  which  it  dissdre^ 
and  Bubkictate  which  it  leaves  untouched.* 

*  BerzcliuH,  Djurkenien,  ii.  437. 
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26.  Forvtatt  ttfmagnfsia.     It  crj-staUkes  in  fine  needles,  not   s«.viii. 
olterrd  by  i-Jtixwiire  to  the  atmotphfrc,  and  linvitig  u  sharp  and  ~~       ' 
bitterish  taste.     When  cjqKwed  to  heat  tlwy  lose  no  weight, 
■rcording  ta  Giibc].    \\'hen  strongly  healed  they  swell,  become 
bifeck,  nnd  finally  leave  only  carl>onnt«  of  poLisli,     Tlie  Malt  is 

_K>lnblc  in  13  timv«  It«  weight  of  cold  water,  but  not  in  nlcoliol. 

H     27.  Tartmtf  <if  magnesia,     A  wliilc  taslclcM  powder,  easily 

Hobtoined  by  double  decomposition.     Ita  constituents  are 

^L  1  atom  tartaric  iictd  .         d"25 

B  1  atoin  inuirii(.-siu  &■$ 

^^^^  S  utoms  water  2*23 


13 


08.  liitartrate  o^  magntna.    This  salt  may  be  formed  by 

diMolving  tilt-  preceding  salt  in  turlunc  a«id  and  cry»Uilli/ii^ 

Bllie  floliitiuM.     I'lie  bitartnite  is  d<.-po«itod  in  tnuU  ocicular  crys- 

^lals.     It  hiw  a  slightly  acid  taste,  and  reddens  vegetable  blues. 

It  is  soluble  in  water.     Its  constituents  aie 

S  atotnit  tiirtaric  Bcid         .         16'S 
1  atom  inagiiosin      .         .  S'5 

I  atom  water  .         .  M'25 


20126 

39.  i'tfuae  <y  Matptetia,     Though  tlits  suit  is  very  little 

in  wilier,  yet  a  mixture  of  riiinlc  of  so<la  and  stdpliatti 

nesia  lets  full  no  precipitate  in  24  hour^. 

00.  Citrate  f{f  magnetia.     'Iliis  salt  may  be  formed  by  dU- 

•olring  caiboiiDie  of  magnofcta  in  citric  iicid.     The  solution, 

though  evaporated  to  a  thick  nynip,  dues  not  vry»tidlize,  but  it 

grulually  iLtstimc^  tliv  fonn  of  a  white  opaque  soft  mass,  which 

^m  rises  in  the  vessel  like  a  musliroom. 

f      31.  Maiate  oftnagRena.     Permanent  crystals  soluble  at  6V 
in  28  time*  llieir  weight  of  water." 

■  3*2.  J-\ittffate  of  mayHtria.  Small  grantdar  crystals)  having 
very  little  taste,  and  easily  soluble  in  water. 

33^  Mucaie  ^  maffWMti,  a  whilt^-  |>ow<ter,  which  does  not 
dissolve  iti  water.  An-'ording  to  Thi-nurd,  there  vxi<<ts  aUo  a 
bimucate  of  magnesia,  but  its  properties  Iiave  not  been  deter- 
mined. 

34.  Sutnmitf  qf  maffnaia.     This  wiU  lias  the   form  of  a 
H  white,  glutinoits,  frotliy  mass,  which  when  dried  by  the  lire 
H  attnicb)  moisture  from  the  air  and  deliquesces. 
H  *  I>oiu>Tiiri,  I'hil.  Traiu.  iMt^ 
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<^*»'-         35.  BeH2oate  of  magnesia.     Tlib  salt  fonns  feather-ehaped 
crystals  of  a  sharp  bitter  taste,  and  easily  soluble  in  water. 

36.  GaUtde  of  magnesia.  This  ealt  is  very  little  soluble  ia 
water,  yet  gallic  vani  does  not  occasion  a  precipitate  in  sulphate 
of  magnesia.  - 

37.  Kinate  of  magnesia,  Crystallizea  with  diflSculty,  dik 
solves  readily  in  water,  blackens  in  the  fire,  giving  out  the 
smell  of  caramel, 

38.  Bimeconale  of  magnesia.  Fine  colourless  brilliant  needlei, 
having  an  acid  taste,  easily  soluble  in  water,  but  not  in  alcolMiL 

39.  Campliorate  of  magnesia.  ■  This  salt  may  be  obtainedbjr 
boiling  an  excess  of  carbonate  of  magnesia  wiUt  camphoric  acid 
in  water.  The  filtered  solution  beii^  suflSciently  concentnled 
yields  camphorate  of  magnesia  in  flat  four-sided  prisms.  He 
crystals  are  translucent,  absorb  mouture  from  the  atmosphere, 
and  dissolve  readily  in  water.  The  taste  b  saline  and  bitterish, 
and  when  lieated  sufficiently  the  salt  burns  with  flame.  At 
tlie  temperature  of  36°^,  1  part  of  it  is  soluble  in'  6|  parts  of 
water.  At  38°|,  100  parts  of  absolute  alcohol  dissolve  ^ut 
I -8  of  the  salt  The  proportion  of  water  in  this  salt  has  not 
been  determined.  The  result  of  Drandes*  analy^  would  give 
about 

1    atom  camphoric  acid     .         12'5 
1  ^  atom  magnesia     .         .  3-33 
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But  an  error  to  that  amount  might  easily  have  been  incurred 
in  the  analysis.* 

40.  Suberate  of  magnesia.  This  salt  may  be  prepared  by  tbe 
same  process  as  the  ])recedii]g.  It  docs  not  crystallize^  but 
may  be  obtained  in  the  state  of  a  yellowish-white  powder,  or 
in  translucent  crusts  and  phites.  \Vlicn  deprived  of  its  ««!« 
it  assumes  the  appearance  of  a  white  enamel.  Its  taste  is  >t 
first  soapy,  and  afterwards  bitterish.  It  absorbs  moisture  io 
damp  air,  but  gives  it  out  again  in  drj'nir.  It  is  easily  soluble 
ill  water.     At  54°  wattr  dissolves  its  own  M'eight  of  itf 

41,  OUale  of  magnesia.  It  may  be  prepared  by  miiing 
hot  solutions  of  uloatc  nf  potash  and  sulphate  of  magnesia.  It 
is  in  white  clots,  translucent,  and  softens  between  the  lin^».| 

4'2.  Choleslerate  tf  magnesia.  This  salt  is  insoluble  io 
water. 

*  Sctiwcif^r's  Jour,  xxxviii.  292.        f  Braniles,  ilud.  iiiiii.  9i. 
t  Cbcvrcul,  sur  tcs  corps  gros,  p.  91. 
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^    43.  Pinatc  ((f  ma^tttxia.    A  wliite  powder.    Whea  es])08e(l    *«*■  »• 
to  a  heat  of  il!2*  it  liecomcs  a^^i^lutiiintcd  togctlier.     It  cli*- 
Ives  rc&dily  Jii  etlier.     It  in  Hotiible  »l.su  in  ulcoliu).  * 

44,  Sihvilt  nf  magneMa.     'I'LiK  tall   duiitolvOH   in  ubsolutfl 
.i)ho]  and  in  nlcoliol  of  iIk-  specific  ^Tavit)'  0-S80.    When  to  fl 
<e  p>tt  of  ()ii«  lost  soluiioit  two  parte  of  water  are  added  an  H 

of  Hilvatc  of  iiiii^ie»ia  talU  down  of  a  tarry  winsisteiicy.  H 

lixsalt  is  soluble  also  in  edier,  oil  uf  turpentine  ai>d  napliiJia.'''  H 

45,  Carbazoluie  ofmnijnaia.     Very  long  liiil  very  fine  luid  H 
istinci  needle*,  of  n  li^lit  yellow  colour,  vi-ry  Huliiblc  in  ^| 

Wi>t«r  niii)  dctonntin^  when  heated.  (  ^| 

46,  VnUe  eif  iitar/ncsia.  A  wliile  tastelcsx  powder,  siiaiLir  H 
k  appearance  to  uric  acid.  «l  ^M 
KA7.  Anfmrlatt.  of  mtiffjifsia.  SimiLar  in  its  jiroperties  to  H 
iflpktnie  of  liitie.  §  ^M 

4'd,  Nitrotaccharaie  of  magne*ia,    AdeliquvsccDtMlt  whidi  ^| 

not  cryKtullize,  swells  much  uhen  exposed  to  heJtt,  and  ^| 

a  brown  Npon^y  residue  like  a  vegetation.  [|  ^| 

49.  Sulphiituiphlhahle  of  tnngf>f»ia.     A  while  ^It  having  a  H 

tttfrinh  tiuftf,  eryskdlixtni;  in  fovouriible  circinn»taace»,  and  ^ 

niing  with  fliime.  ^  »*' 

SECT.  IX. — SALTS  OF  iLUHlNA.  ™ 

1.  Most  of  the  Milu  of  alumina  are  soluble  in  wtter,  butcnmoin. 
fw  of  them  are  ai)uihle  of  cry stiil lining.  ■ 

2.  'i'liey  are  di«tin}|;uiHhe<l  hy  a  sweei  aivd  antringenl  taste, 
which  rMpcct  thoy  resemble  the  ealtx  of  yttria  and  gludna.  fl 

3.  I'bey  arc  not  precipitiiled  by  oxalate  of  aniinunia  nor  ^| 
rtaric  acid,  which  stifficienlly  dibtiiiguislies  tlicDi  from  MiltM  of  ^| 

■Bria.  I 

4.  llipy  are  not  precipitated  hy  prwwiate  of  potash,  nor  by  H 
nctnre  of  nu(-Ki>llH,  in  which  res)>ecta  tliey  differ  both  from  H 

»  ealta  of  ytlrin  and  gluciiia.  H 

5.  i^bosptuite  of  amnitniia,  when  dropped  into  a  »alt  of  alu-  H 
vtm,  occa<iions  n  white  precipitate.  H 

A.  Hydrimhite  of  potash  occiuuon*  a  while  floeky  prcnpilitte  ^| 

a  iwlution  of  alumina,  uhieh  bpevdily  hecumes  yellow  and  ^| 

*  Uawrdorbcn,  Passendorf' «  Anu&len,  xl.  S32.  H 

t  Ibid.  PL  400.  ■ 

i  IJ«biK  ;  Ano.  de  Chiin.  ct  cic  Pbyi.  ixxv.  Sts  H 

j  riwioii ;  Aon.  dc  Cliim.  vl  ile  llija-  Kl.  314.  H 

I  BncomiM:  ibiiLiiii.  110.  ■ 

y  Finwkr,  AaiwU  of  I'hilaMph}  («d  Krin),  xii.  i\0.  fl 
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<"— '■  continaes  permanent,  Thia  u  not  owing  to  the  exrnn  at  laA 
which  the  salts  of  alumina  usually  contain,  for  the  yellav 
colour  does  not  disappear  on  die  addition  of  carbonate  at 
ammonia. 

7.  If  sulphuric  Brid,and  then  snlphateof  potash  bettddedla 
a  salt  of  alumina,  and  the  mixture  be  set  aside,  octahedi^  op- 
tals  of  alum  speedily  make  their  ^ipearance  to  it 

8.  When  nitrate  of  cobalt  is  mixed  with  a  minenl  contain- 
ing alumina  and  the  mixture  is  exposed  to  the  aetieo  of  tbe 
blow-pipe  it  acquires  a  fine  blue  colour,  whidi  becomes  4tttfm 
without  losing  its  colonr  by  an  additional  quantity  of  cdUt 
The  colour  is  only  seen  disttnetly  by  dayl^ht  bmI  after  tbe 
assay  is  cold.  This  method  of  proceeding  may  be  foUmisi 
Buccessfrilty  with  most  of  the  salts  of  alumina. 

1.  Sulphate  0^  alumina.  This  salt  may  be  fbnneci  by  £• 
gesting  hydrated  alumina  in  dilute  snlphoric  acid  till  the  sad 
is  completely  saturated.  A  rery  long  continoed  digestion  ii 
necessary  for  this  purpose.  When  the  solution  is  coDccBtiakd 
in  vacuo  over  sulphuric  acid  it  gradually  congeals  into  a  beaa- 
tiful  white,  sof^  light  semitraDsparent  mass,  whidi  may  be 
dried  on  blotting  paper,  and  is  not  altered  by  ezposore  to  tk 
atmosphere.  It  reddens  v^^table  blues.  Its  taste  is  aabis- 
gent  and  sour  with  an  impres^on  of  sweetness.  It  is  nrj 
soluble  in  water,  and  the  acid  and  water  whi<A  it  contains  HT 
be  driven  off  by  heat.  Its  constituents,  by  my  analy^  are: 
I  atom  sulphuric  acid  .  .  6 
1  atom  alumina  .         .         .         fi-25 

7  atoms  water  .         7*876 
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2.  Trimi^>kate  of  abanina.  This  is  a  fine  white  nlnminm 
looking  mineral  found  in  Sussex  and  near  Halle,  md  dirtto- 
guished  by  mineralogiBts  by  the  name  of  oAifiititite.  It  a  tMtc- 
lees  and  insoluble  in  water;  but  it  may  be  dissolved  in  aaJi- 
Its  constituents,  as  is  obvious  from  tbe  analysis  of  StniBsyMV 
are  as  follows : 

1  atom  sulphuric  arad,  .         .  6 

3  atoms  alumina,  .         .         .  6*75 

9  atoms  water,  .         .         .  10-125 
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3.  Subaulphale  of  alumina.     When  we  precipitate  sulpbsle 
of  alumina  by  means  of  ammonia  or  carbonate  of  soda,  we  can- 


uot  deprive  the  alumina,  however  frequently  we  wwili  it,  of  all 

bBu]])huric  Mid.     It  contiuuffl  a.  oompotuid  of 
^  1  tttom  sulphuric  acid '].<  iiii,' 

■  30  aioiiis  iilumitia. 

Whether  tliia  precipitate  ht;  iiclually  a  compound  of  nliiminu 
■d  iulphuric  avid  in  these  proportions,  ur  whether  it  be  u 
lixtiire  of  aluminM  tiiiil  trisulpliatv  of  nJiimiiia,  we  huTC  no 
ii'UiH  of  d«ti.Tmitiing. 
4.  Sitiphitc  (if  aiumina.     This  salt  was  Rret  formed  by  Ber> 

et;  it  has  been  described  by  Fourcroy  aud  Vuuqueliik. 
When  fornM^d  by  the  iiauhI  proccm  it  remains  in  the  ^tate  of 
k  white  iKJwder,  and  does  not  crystalUzc  tliougli  <li»oIved  in 
lexoMsof  acid. 

It  is  white  ai>d  soft,  and  has  an  earlliy  and  atiIp)iuT<-oiis  taxte. 
in  itL«uluhli-  in  wuutr.  When  expo«ed  tti  the  air.  it  in  gra- 
dually converted  into  sulphute.  Jbi  solution  iit  sulphurous 
ncid  undert^oes  this  change  much  more  rapidly.  When  huitud, 
it&  acid  ia  diiiengagcd,  and  Uie  alumina  remains  behind,  inixeil 
rct-er  with  a  small  projiortioii  of  stilpliato  of  alumina. 
i.  Ht/piymljihUt  iif  alumina.  Mr.  Henchell  did  not  suc- 
i>d  in  ohluining  tliis  wilt.  When  osuUite  of  alumina  was 
pcd  into  hyposulphite  of  lime  tra  prveipiiiite  fvlL  He 
ires  us  tlial  oxalate  of  alumina  occasions  no  precipitate  in 
Buriate  or  nitrate  of  lime,  any  more  tlian  in  hyposulphite.* 

6.  HiffHuulphiilc  »f  alutHinti.     'Ww  miU  was  obtAin<H]  by 
nixing  noliition«  of  hypui«ulphute  of  barylea  and  sulphate  of 
lutntiUL     The  filtered  solution  was  concentrated  in  vacuo  orer 
ilphuric  acid.     A  white  mass  was  obtained,  which,  however, 
when  dissolved  in  water,  was  copiously  precipilated  by  chloride 
■f  barium.     It  would  appear  from  tliis,  that  thi»  ixth  cannot  be 
Brought  into  a  dry  state  without  undergoing  decorapoKJtion.f 
P<  7.    S'itriitt  t'f  ii/umina.     I  lutvc  not  been  iible  to  obtain  this 
salt  by  digesting  nitric  acid  on  hydrate  of  nlumtna ;  but  it  is 
<)e«cribe(l  by  chemists  as  computed  of  soft  white  crystalline 
plntca.     Ili  laste  ti  acid  and  astringent  aiul  it  reddeiM  v<-get- 
alile  bUie-f.     It  di«soives  readily  in  wuter  ami  alcohol,  and  dc- 
iipiesci^^  when  ex])o»cd  to  th«  uir.     According  to  Bucbolz's 
iy^  tlio  constituenlM  {abstracting  the  water)  aire 
Alumina         .         ^,  ,,,   2*2 
Nitric  acid     .        .        7ft 
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"™  '■     This  approaches 

1^  atom  nitric  acid         .         .         9 
1  atom  alumina     .         .         .         2-25 


11-25 

But  it  is  doubtful  how  for  we  can  depend  upon  the  accuracy 
of  tills  analysis. 

8.  Dinitrate  of  alumina.  This  salt  may  be  formed  by  di- 
gesting hydrate  of  alumina  in  dilute  nitric  a<nd  till  the  add 
refuses  to  take  up  any  more.  When  the  solution  is  concen- 
trated and  set  aside  it  concretes  into  a  white  solid  matter, 
which  may  be  dried  by  pressure  between  folds  of  blotdif 
paper.  Thus  prepared  it  is  a  white  crystalline  powder,  very 
soluble  in  water,  and  reddening  vegetable  blues.  Its  taste  ia 
astringent  and  sweety  witli  ao  impressioii  of  acidity.  Its  con- 
stituents, by  my  analysis,  are 

1  atom  nitric  acid         .         •        6*7fi 

2  atoms  alumina  .         .         4'5 
10  atoms  water  .         .        11*25 

22-5 

9.  Trimitraie  of  almnitia.  When  the  preceding  salt  ii 
heated  on  Uie  sand-bath  till  it  loses  its  liquid  form  andfonnsa 
white  dry  crust  it  is  converted  into  trisnitrate.  It  is  neariy 
insoluble  in  water,  and  does  not  deliquesce  when  exposed  to 
the  air.     Its  constituents,  by  my  analysis,  are 

1  atom  nitric  acid        .         .         6*75 

3  atoms  alumina  .         .         6-75 
6  atoms  water      .         .         .         6-76 

20-25 

10.  Carbonate  of  alumina.  Saussure  has  shown  that  water 
saturated  with  carbonic  acid  is  capable  of  dissolving  alumins; 
but  this  combination  is  destroyed  by  simple  exposure  to  the 
air.  Carbonate  of  alumina,  then,  cannot  exist  iu  a  dry  slatfe 
What  had  been  considered  formerly  as  a  dry  carbonate  is  ■ 
triple  compound  of  alumina,  carbonic  acid,  and  the  alkili 
employed  in  precipitating  the  alumina.* 

11.  Phoitphate  of  alumina.  This  salt  may  be  obtained  by 
mixing  solutions  of  alum  and  phosphate  of  soda  in  the  atomic 
proportions.     No  precipitate  appears  at  first;  but  if  the  mix- 

•  Jour.  Ju  Kiya.  lii,  S8. 


ture  be  lii-nml,  n  wliitc  powder  fiills,  whii-li  i«  the  pitoephsui     **«*'^ 
of  alumina.    It  a  taatclem  and  invnluble  in  wiiU>r ;  but  reddens 
vegetable  blues  powerfully.     Ibt  coiutituenta  seetn  to  be 
1    atom  [>lioi>|ilioric  ucid  .         4-5 

Kl    utoin  ultiiniiia  .         ,         3-25 

3|  atoms  mter     .         .         .         3-9975 
10-687:) 
13.   IlSpho*pkatr.  nf  alamimi.     When  llie  pn-ccding  Mil  b 
dissolviM)  in  plio^pliuric  nctd,  tinil  tho  solution  conoentntti'd,  u 
giintmy  mw»  w  ubtatiie<I,  wliich  may  be  fuMod  tnto  a  tnuitipa- 

•rcnt  Ixnu),  oitd  u-liicli  i§  pTol^ably  a  bipliospliate. 
►  '13.  Diphotrphaie  of  alumina.    The  mineml  called  wm-rt/ile, 
appenn,  fnmi  ilie  nnn)y^i.4  of  I'hoIih  niid  Bentetias,  to  !»  a 
liydrutcd  ilipiiuHplintc  «f  nliiiniiiii,  ciimjwseit  of 
■  1  ntom  pliospfaoric  add  4-5 

^^^^^K        S  atoms  alumina  4-$ 

^^^^H        SstoniBwater  9-373 

^^^^ 

f       14.  PhotfAite  of  alumina.     TliU  salt  daes  not  crystalline, 
but  forms  «  goblinoiis  ma**,  wbicli,  when  lieateti,  gives  out 

»|ihus|>buretted  hydrogen  gOB,  and  is  converted  into  ph«>f>phn(c 
of  alumina. 

15.  Ar»eHiate  ofatumhiri.  Thi."  Mitt  may  be  obtained  bjr 
mixing  together  sohiti<ia«  of  »lum  and  arsenJate  of  mmIii  >n  the 
Atomic-  proporltunA.  It  it  a  white,  tasteless  tiuolnble  puvnier, 
not  unlike  pho«[diiiti'  of  lime;  but  strongly  reddening  vegr- 
tnble  biucM.      Its  eoii'sliturnta  are 

1  atom  arsenic  acid     .         .         7-2J> 
1  atom  alumina  .         .         '2-'25 

6  atoma  water  ■         .         fl'75 

l«-25 
in.   liitmneniate  qf  alumina.     It  may  lie  obtained  by  dis- 
Kolring  llie  prceedinu  salt  in  umenic  add,  and  eoneentrating 
the  fltdiilton  sufficieutly.     It  dissolves  in  wnler,  luul  does  not 
crystallize. 

17.  Borate  ^a/timirta.  When  solutions  of  alum  and  borax 
are  mixed,  tlte  liquid  deposites  white,  pearly  plate*,  very  soft* 
Mid  scarcely  Holuble  iu  water.  TUis  salt  has  not  U-en  an«- 
lyied.     Analogy  would  lead  us  to  consider  it  as  a  hiboniU. 

18.  SHicaft  nj'  alumhta.     No  fewer   lliaii   nine   different 


Mt  osTCEs  Ann  sun. 

tiekae  tx«e  afinr  eo^amkoK  of  alin  iwl 
TVkvc 


2.     BBi:Wi?Pft.  ar  alitaa  rf  i 
^:-  Cnaae,  «r  fabeaipisifiatt^  i 
I    ua«  sfficB, 

E4.t  miwfiig,  or  krdnw  aEcate,  > 

lUMwam. 

IJa^nliate 
1 
If.)  ?^ai^  ar  ahHran  faBiEcate  tf  alnin. 


FvUer'f  cartk.  m  kydriM  bialkate,  nrpnord  of 


I*- 

I  uom  bisifitaM  af  aln 
1  a&on  nUT. 

l&>  LmauK.  or  krifaoiK  tmilinte^  eamfoaai  of 
1  an^  teisHcate  of  alamim, 
3  nnK  wuer. 

t9Ll  QmmiKcur  of  ahnuna;  a  ycUowiA^vliiti^  fihnM 
wmtai  Womt  SlexieaL 

ISL  iU^Mar  t/^HOu.  TUs  »k  is  obtained  by  jnc^ 
^mv  Hunutf  df  alumina  by  t«seleiiiie  of  ammonia.  It  il  i 
vUh  pos^r.  iuohible  ib  water.  Wkni  kcated,  it  aflMi 
fast  its  water,  and  tben  its  acid  to  ocape. 

ML  Biminutr  ^ahmma  »  obtuned  by  dinaJrii^  the  «k- 
■itv  or  hv^nar  of  alimiiia  m  sel^oos  add.    It  baa  an 
gvnt  taste,  and  yields  by  erapontian  a  tian^iarent 
similar  to  gam.* 

•>l.  CkrvmeOf  t^ainmima.  A  yellow  nl^  K^able  in  watCTi 
and  oot  capable  oC  cryslaUinng. 

±1   TmajuCrtr  ofaiMmima.     An  insoluble  white  powdCT. 

33.  Ondatr  oftjwmimi.  Oxalic  acid  dissolves  hydrate  af 
■tamin*  w\x^  &dlity.  The  saturated  solutioii  is  tranqisMst 
and  c«lourie» :  it  hie  *  sweet  and  astringent  taste,  and  raddMS 
Tej^tahle  Uues.  By  evapondon  we  obtain  oxalate  of  aluvin 
in  a  ^emimnsparent.  amber-coloured  crust,  very  nimihr  ii 
appearance  u»  gum  or  albumen  dried  in  a  low  heat  It  £s- 
solres  with  &cil>ty  in  water,  and  may  be  exposed  to  tbt  w 
«-tthout  absottung  moisture.     Its  constituents  are 

•  BoKiiiu,  Ann.  de  Chim.  cl  da  Phjs.  x.  385. 
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]  atooi  oxalic  acid     . 

4-5 

2-25 

3575 

W             545 
*>*t.tx. 

1  atom  alumina 

SfttoriM  wilier           ',     ~.,,-, 

10-125 
34.  AcHate  (if  alumina.  Tlik  mXt  muy  \k  ohiiiined  by 
di^estin^  hydratp^t  aluminu  in  cold  actMic  acid,  till  tlic  acid  in 
Mtumted.  Wli«ii  the  solution  ts  left  to  spontaneous  eTapon- 
tioii  in  a  u'arin  place,  the  salt  slioots  into  long,  tran^iparent, 
ftmr^ida^)  prism*.     Im  taste  i<i  sweet  and  ii.<^lrin^rit,   with 

E;  of  the  flavour  of  acetic  acid.    It  dis^olvvn  rcwlily  in 
I  reddens  vejjretHble  blue*.     Its  constituents  are 
1  Atom  acetic  arid     .         .         6^b 
1  atom  alumina         .         .         2-25 
1  atom  water  .        .         1-123 

9.6S5 
Gay-T.it-tJ)ac  Rrtt  observed  that  wlien  a  solution  of  this  salt  in 
trater  is  Imtcd,  it  depositee  one-liulf  of  \t»  alumina,  and  n  con- 
vetted  into  a  liirviu-etAlo,  hut  on  conltng  it  a^in  takes  np  titc 
portion  thrown  down,  and  hecoine«  neutral  as  at  first* 

25.  Latlale  of  r/kwiino.  A  salt  not  altered  by  exposure  to 
tltc  air,  and  having  the  appearance  of  gum.f 

2({.  Fiirmate  ^  aiumi'M,  A  gummy  matter,  incapable  of 
crystallizing,  taste  sharp  and  avtringenU  not  very  soluble 
in  water.  From  Gobel's  observation*,  it  would  appear  tliat  its 
aqueouK  Mlution  when  heated  deposiles  one  half  of  tis  alumina 

Cia  tbtt  case  witli  the  solution  of  ai-etate  of  alumina. 
S7.  Tartrate  ^ntumina.  Tartaric  ucid  dissolves  hydrate  of 
uinina  with  faeillt}'.  The  nluratcd  solution  has  an  acid,  iw- 
tringent,  and  sweet  taste.  When  evaporated  to  dimness  it 
tecvm  a  white,  semitransparcnt,  viscid  masSf  having  a  slight 
^ftde  of  yellow,  and  very  like  gtnn  arable  in  appearance.  On 
•xpMiire  to  the  ntr  it  becomes  brittle,  but  »tiU  continues  to 
redden  vegetable  blues.  Iri*  constituonu  are 
^^^^^        1  atom  tartaric  ucid  .  8-2fi 

^Hp*  *     1  atom  alumina  3*25 

^^V  I  atom  water    .  I'lfiS 

I  3&  at 

I       ■Ami 

L 


1I-«2A 
3&  Citrate  qfalmntHa.     When  there  U  an  excess  of  Rlumina 


■  Ann.  de  Chun.  Ixiir.  ^ti. 
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^''-     die  snlt  U  insoluble ;  when  of  aod,  a  gummy  matter  b  obtaiiied, 
soluble  in  water. 

39.  yhlate  qf  alumina.  This  salt  is  almost  insoIuUe  h 
water.*  Of  couise  it  preapitates  when  malic  acid  is  dropptd 
into  a  solution  containing  alumina.  Mr.  Chenerix  has  pro- 
posed this  acid  to  separate  alumina  from  magnesia;  whid  eardii, 
as  is  well  known,  have  a  strong  affinity  for  each  other.f 

30.  Fumgale  vf  alitmiMa.  A  gummy  mass,  which  does  not 
CTi-stalliie.f 

31.  ilmcait  f^alttmina.     A  white  powder  insoluble  in  witfcf' 

32.  Sucnmate  of  alwttina.  This  salt,  according  to  Wemd, 
crystallizes  in  prisms,  and  is  easily  decomposed  by  heatj 

33.  Beiuxate  o^  alumina.  This  salt  forms  dendritical  crys- 
tals. It  ha^  a  sharp  bitter  taste,  is  soluble  in  water,  and  deli- 
quesces when  exposed  to  the  air, 

94.  GaSate  t^  alumina.  When  a  small  portion  of  alumin 
is  mixed  with  the  infusion  of  nut-galls,  it  separates  the  whole 
of  the  tan  and  extract,  and  leaves  the  liquid  limpid  and  of  ■ 
rer\'  pale  yellowish  green  eoiour.  This  liquid,  by  spootaneni 
evapoiation,  Welds  small  transparent  prismatic  crystals,  whid, 
accotding  to  Dav^-,  are  supergaltate  of  alumina.  They  sfford 
the  only  instance  of  a  gallate  capable  of  existing  in  the  state  of 
cr\-«tals.  The  qoaniit)-  of  alumina  is  very  small;  too  small  ta 
di:^i^  the  pn^rties  of  the  acid. 

33.  Campkorate  of  alumina.  To  prepare  this  salt,  alon^ 
precipitated  by  means  of  ammonia,  and  well  washed,  is  to  be 
mixml  with  water,  and  crystals  of  cuuphoric  acid  added.  The 
mLxture  is  then  to  be  healed,  filtered,  and  concentrated  by  en- 
poration.  This  salt  b  a  white  powder,  of  an  aind  bitten^ 
taste,  leaving  on  the  tongue,  like  most  of  the  ainminons  nlli> 
a  sensation  of  astringency.  Water  at  the  temperature  of  60° 
dissolves  about  ;^^(h  part  of  its  weight  of  this  salt  BmBag 
mtter  dissolves  it  in  con^derable  quantities,  but  it  preopititet 
Sgain  as  the  solution  cools.  Alcohol,  while  cold,  dissolvetit 
very  s)>aririgly :  but  when  hot  it  dissolves  a  considerable  qoin- 
tiiv  of  \u  which  precipitates  also  as  the  solution  cools.  1^ 
sail  undore^H^  ver\~  Utile  alteration  in  tlie  air,  but  it  rather 
part$  with  than  attracts  moisture.  Heat  volatilizes  the  acid; 
and  when  the  salt  is  thrown  on  burning  coals,  it  bums  widia 
blue  flame.  ■; 

•  Ann.  Ar  Chim.  xjcriii.  Wl-  t  Il"d- 
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3C.  Snl/erafe  of  alumina.  T\m  «all  does  not  CTj-atnlli/e^  *^  *■ 
fhoa  )l»  solution  »  c«-aporstc<l  by  a  tnixlfriito  li<<at  in  a  wide 
raMi,  lite  niit  obUtiiied  is  of  a  yellow  colour,  trnnsparptit, 
bavinff  *  styptic  (mtet  and  leaving  an  impresainii  of  bitterness 
on  th«  tonipio.  W'hea  too  niucli  Lent  h  employed,  it  melu 
imd  blackens.  It  redilt^ns  the  tiiictureoftiirn^inlo,  and  attracts 
moUture  from  thv  air.  Before  the  blowpipe  it  swollft  up,  the 
acid  is  volatilized  ami  dii'ompoeod,  and  iiutliin^  rcinuins  but 
ttic  altiminii,* 

87.  CAtilfstrraic  i>f  alitmiita.  When  cliolestcrato  of  potasb 
is  mixed  witli  a  solution  of  alum  a  precipitate  f;iUs,  at  first  of  a 
beautiful  reil  colour,  but  wlien  dried  tlie  colour  becomes  mueb 
iieper. 

ftd8.  Pinate  of  alumina.     Pinntc  of  potash  tlirows  this  salt 

■vm  from  aluiD.     It  melts  when  heated,  »  insoluble  in  wat«r 

Mid  alcohol,  lint  divuilves  in  ether  and  in  oil  of  turpentine,  by 

rhteh  liKl  MubHlaiK'c  it  u»d<>rjro(>s  p;irt!al  deeomposition.f 

yQi9.  Unite  of  alumina,    A  white  powder,  scarcely  disttDguiali- 

by  its  aspect  from  uric  ucid. 

sEcrios  X. — SALTS  or  glucina. 
The  salts  of  fflueina  have  been  escamined  equally  imperfectly 
with  the  salts  of  yttria. 

tl.  The  salts  of  glucina  are  roucli  more  soluble  in  water  than  cimuun. 
Mc  of  jitriu,  and  a  sraaller  number  of  them  seem  susceptible 
of  cryKUdlixin^. 

ft  S.  The  talis  of  f^lueina  are  not  precipitated  by  oxalate  of 
pnmonia  or  tartrate  of  potash,  which  dullieiently  distinguishes 
them  from  salts  of  yttria. 

5.  i'niv->i;tte  of  pola'ili  ooetkHioiiM  a  white  precipitate  when 
ap[H'<l  into  the  solution  of  a  «ult  of  gbieinit. 
4.  Infiwion  of  nut-gnlU  occasions  a  yellow  pr<-cipttate,  which 
qnireH  a  pnrplUh  tinifc  if  any  iron  b«-  pr^-nent. 
ft.  The  Hidptiale  of  glucina  does  not  crystidlixe,  nor  do  rrys- 
Is  of  ainm  form  in  it  when  sulphate  of  potash  is  mixed  with 
ir  iwilulicm 

R.  When  a  sidt  of  ^hiciim  is  mixed  with  n  little  nitrate  of 

limit  and  exposed  to  the  action  of  the  blow-pipe,  it  becomes 

k  or  dark  ^tuv. 

I.  TriMi/filuilf  of  tjlueitta,     W'lien  glucina  is  dissolved  in  sul- 

urie  acid  till  no  more  is  taken  up,  simI  llie  liquid  thus  obtained 

*  Am.  de  Chim.  xxtii.  A£.  f  L'avcrridrljen. 
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aad  vidied  •itfa  aleriiol,  we  ohtaaa  a 

If  tUs  bMBlptete  be  boiled  with  or- 

■trr,  and  ibe  Mlation  diss  obtaiori  b« 

Uk,  wbidi  »  B  trisalpbite  of  gloom. 

fdti.  conpoOFd,  Mcwdii^  to  the  anahfnt  e( 

1  aUH  ndpbttrie  acid  5 

3>MaBflMiaa  9-75 

3  aiMK  water  3-375 


1»-125 
%  Wwiji'iiUrt  </  ^l^no.  ^('faea  tbe  liqoid  bm 
wbW^  tbe  twnlpbaie  bas  fidlen  is  concentrated,  we  obtabi  i 
tnariacewL  gsHHT  aan,  w^icb  beeomes  brittle  wben  eM, 
b«  hA  Md  dM^T  at  tbe  taaperatuic  of  2ia«.  Wben  U 
ndx^Bce  is  dried  «  as  ta  diTTe  <]ff  tbe  water,  it  is  cbanged  ifk 
a  «fM)a«T  ibBi^  aabstance,  tmdnble  in  water,  and  eoa^MM^ 
to  tbe  analjaJB  of  Benelina^  of 

I    atom  solpbnric  acid  5 

IJ  atom  gtodna  4*875   . 


9-875 


3.  Striate  of  gimnmi.  TUs  salt  naj  be  obtained  by  netilr 
ibe  ane  process  as  tbe  precedii^.  It  Baa  a  sweet  tastc^  b 
Mlabte  in  water,  and  is  cmnposed  (abstracting  tbe  water)  df 

1  atom  mlpbnric  add  .         5 

1  atom  glucina  .  3*25 

8-25 

4.  Bitmipttate  qfgbtcina.  It  is  obtained  by  digesting  gluHu 
in  sulphnric  acid  The  solution  by  eva^ration  yields  mall 
needle-fonn  crystals,  the  figure  of  which  has  not  been  ssea> 
tatoed. 

It  has  a  very  sweet  and  somewhat  astringent  taste.  Itb 
soluble  in  water;  the  solution  readily  assumes  tbe  contiBieKe 
of  a  syrup,  but  does  not  crystalUie.  When  heated,  it  undn- 
goes  the  watery  fusion,  loses  its  water,  and  iidls  to  powder.  At 
a  red  heat  it  is  decomposed  completely,  the  acid  is  diivpn  oft 
end  the  earth  remains  in  a  state  of  purity.  Tbe  infiisioB  d 
nut^^ts,  wben  dropped  into  the  solution  of  this  8al^  occasiow 
a  yellowisb  white  preopitate. 


«ALT6  or  OLirCJMA.  ^^^^^  6M 

ani.X. 


'  Tb«  coiislituenta  of  tliis  sulr,  by  mj-  aualysU,  are  m  foUowt: 
'J  aUinis  &ul|)huric  aeul        .       10 
1  atom  gluciiia  .         ,         ii-^5 

5  aUttns  wator  .         .         b-G'25 


18-875 
fi.  Sitrate  i^glucina.  This  sail  was  first  describQd  by  Vau- 
qturliti.  It  is  pTepared  by  saturating  nitric  avid  with  gluciua. 
Wlii'ti  this  sottitioa  is  evajiorated  by  means  of  a  low  heat,  tlie 
luUl  ^(ladually  asiiinneK  thv  fumi  ai  a  powder,  but  caimol  be 
ublaincd  in  the  male  of  cry«tuU. 

Its  tasli-  IN  sweet  and  uslriii^nt.  It  b  exceed  in  }jly  soliibltf 
iu  wiiUT,  so  mucli  so  indeed,  that  it  is  very  difficult  to  obtain 
U  iu  A  dry  state.  ^'Iion  evaporated,  it  becoineg  thick  and  glu- 
tiiiDU)!  like  honey.  When  exposed  to  tlie  air,  ii  attracts  mois- 
ture lerj-  rapidly.  When  heated  it  readily  melts,  and  if  the 
Ucut  ]>c  incieafted,  ibe  ncid  cteap**,  aud  leaves  Uie  earth  in  a 
state  of  purity.  When  tincture  of  luit-galls  is  dropped  into  a 
solutiuu  of  tliis  salt,  a  yellowlsh-bron-n  precipitate  iiiunediatvly 
appears.  XiiraU-  of  glucina  may  l)e  readily  distinguished  from 
uitniU>  of  alumina  by  this  property. 

6.  CarhatuUe  q/'ffivcina.  Iliia  salt  has  been  examined  only 
by  Vau<|ue!in,  It  may  be  pn;pared  hy  precijiiiating  giucina 
from  its  solution  in  acids  by  an  nlkaliiu-  earbunatc, und  uashing 
tiut  precipitate  sufficiently  with  pure  u^Ier.  It  is  in  tlie  state 
of  a  white  soft  powder,  wliicli  lias  a  greasy  ieel.  It  has  no 
taste,  aJid  is  exceedingly  li^hi.  It  i»  iiu^iluble  in  water,  not 
oltM^d  by  exposure  to  tlie  air,  easily  di-emnpoeed,  and  ■!»  uvid 
ilriven  otTby  the  application  of  heat  Itlusos  tuilf  of  its  weight 
in  a  red  lu'aL 

■  7.  Photijihiitr  qf'ffluciaa.  This  salt  lias  been  examined  only 
^y  VaiKjuelin.  He  obtained  it  by  pouring  phosphate  of  soda 
into  the  solution  of  gluciua  in  sulphuric,  nitric  or  niurijitic  acid. 
'J'he  pha^>hate  of  gluetna  U  prccipital''*)  in  the  state  of  a  white 
powder.  It  doen  not  crysktalli/e.  It  is  taslvh'st,  insoluble  iu 
water,  luilvss  it  contains  un  excess  of  aci<l>  aud  not  liable  to  be 
altensi  by  exposure  to  tlie  air.     \\'hen  heated  strongly,  it 

F'lts  into  a  tmiisparent  glass. 
&,  ]iij^ta»i>kat€  t^fflucina-    Obtained  by  digesting  the  pre- 
iing  mU  in  an  aijueoux  miIucIoii  of  phiKphoric  and. 
9.   Artritiali:  itftfluriNa  in  n  white  powder  inwhdile  in  water. 
10.  Jiinarseniale  iff  ffiticina  is  obbuned  when  tlie  preceding 
Jt  is  digested  in  an  a<]ueous  solution  of  nneniv  acid. 


Mit  is  dig 


0  USTGEB  ACID  BA1.T& 

^**'-  1 1.  SUkale  of  gimama.     This  salt  has  not  been  ezanuned; 

but  the  me  minenl  called  aickue  is  a  compound  of 

2  aKHos  silicate  cS  alomina, 
1  atom  alicate  of  gluduL 

li  S*k»ib  ^ gliKitnu  The  neutral  salt  is  a  white  insoluble 
powder.  The  bi^leniate  is  soluble.  When  erapomted  it  gins 
a  giunmr  looking  mass.     Heat  decomposes  both  of  these  B8lt&* 

ISl  Ckivmtar  o^  glwcimi.  Glucina  thrown  down  hy  csrbo- 
Date  f^  potash  is  dissolred  very  slowly  by  concentrated  cJiraime 
acid.  The  solution  has  a  yellow  colour,  and  does  not  seca 
capable  of  cn~stallizing.-|- 

1-L  Qxaiate  t^ glMcina.  A  brittle  translucent  gummy  nua, 
vhidi  does  not  cn'stallize,  has  a  sn'eet  taste,  and  is  soluble  ia 
water. 

15.  Aertale  <^  glucina.  Acetate  of  glucina  is  sweet  aod 
astringent,  has  an  excess  of  acid,  and  does  not  crj-stallize,  bat 
fonns  a  gummy  mass  in  thin  traosparent  plates,  soluble  in 
water,  and  still  acid.^  Acetic  acid  does  not  dissolve  glucin 
heated  to  redness. 

16.  Tartrate  of  glucina.  Crystallizes  with  difficulty  bj 
jpontaneous  evaporation.     Verj'  soluble  in  water.J 

17.  Ci/ratf  of  glucina.  Does  not  crystallize,  but  assnmef 
the  form  of  gum.;; 

Id;.  Succinate  of  glucina.  Ekebeig  has  announced,  (hil 
glucina  is  precipitated  from  its  solution  in  acids  by  the  sueo- 
osies.  The  succinate  of  glunna  is  of  course  insoluble,  « 
nearly  so.^ 

19.  Bcnzoate  (f  ghicina.  The  salts  of  glucina,  whencoo- 
eentiaied,  are  al^  precipitated  by  benzoate  of  ammonia.  The 
precipitate  consL^ts  of  white  fiocks. 

SECTION  XI. SALTS  OF  YTTBIA. 

The  greater  uumber  of  the  salts  which  yttria  is  capable  (^ 
forming  with  acids  still  continue  unknown. 
*™««*         1.  A  considerable  number  of  the  salts  of  yttria  are  ina^i^ 
ill  u-ater,  and  have  not  therefore  been  obtained  in  the  state  of 
crystals, 

-2.  Yttria  may  be  precipitated  from  its  solutions  in  acids  by 

•  Bcnelius,  Add.  de  Chim.  et  dc  Phjs.  is.  865. 

t  J-^hn,  Annals  of  PhilosojAy,  iv.  +95. 

1  Vwiquelin.  .Ann.  du  NTiii.  d'HUt-  Nat.  sv.  9. 

$  Viuqudiii.  I  Itrid.  1  Ann.  de  Chim.  xliii.  ATT. 
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ittiate  orsocia,  carbotmie  of  socio,  oxalate  of  anunonia,  a>id 
ilttf  «f  jiotuti. 
}.  It  K  [irccipituu-d  liki-wUf.-  in  »  wbilc  chalky  state  by 
f  pniHsiatv  of  potash. 

4.  Tlic  alkuliiiu  «irl)oiiato-«  throw  down  a  white  jirocipitate 
I  when  dropt  into  solutions  of  )ttria  in  acids,  but  the  predpitat« 

,tedissolv-«d  by  tidduig^  aii  exc^Hs  of  the  carbonate.     In  this 
iperty  yttna  agrees  with  gbiciiia. 

5.  'rb«  !^ti  of  ytlria  have  fully  as  Hweet  a  tusle  as  llioMC  of 
Iticiiui,  but  they  are  aUo  attriujjent.     'I'be  taste  miiy  be  cum- 

'pared  to  tliat  which  would  be  produced  by  mixitig  toj^tlicr 
'  solutions  of  gluciim  and  alumiiiu. 

1.  Sulphate  <if  ffllria.  Tins  suit  was  first  foruied  by  Giulolin, 
[  and  afterwards  it  was  examined  M-ith  morv  prccbuoii  by  Eke- 
berg,"  VaH<jiit'lin,t  and  Klaproth-J  A  considerable  number 
of  tlie  nalts  of  )'ltria  were  prepared,  exainineil,  and  aualyiced  ill 
my  hiboTUtury  durinfr  the  wiuu-r  1830-31  by  I)r.  StceL  I 
ehall  make  use  of  his  observations,  which  he  has  put  into  my 
posaesBJon  in  order  to  render  my  account  of  the  &alts  of  yttria 
more  correct 

Sulphuric  acid  acts  with  considcmhtc  ciicrf^  on  anhydrous 
yttria.  a  good  deal  of  heat  being  evolveil.  'llic  salt  crystal- 
in  doubly  oblicjue  prisms,  and  also  in  acute  rhomboids, 
taiti^  of  tlie  xiUc  it  Kweet  and  a.'itrin^nl.  It  is  insoluble 
in  alcoboL  At  65'  lOll  pitrt.>*  of  water  disiNulve  8  part*  of  tlie 
mlt.  'Hie  Kpecific  gravity  of  die  cr)'»l4ds  is  2'5fi5,  The  salt 
[reddens vegetables.  It  may  be  exposed  to  a  gentle  heat  witii- 
out  decomposition.  Dut  in  a  high  temperature  it  is  partly 
decoinpofled.  It  was  subjected  to  (liree  sueeesHive  analyses  by 
Dr.  Sveeh     Tlie  results  obtained  were  as  follows : 


SmIXL 


Sulphuric  twid 

Ytlria 

Water 


I 
5-00 
5-45 

3-19 


t 
5-00 
5-59 

2.31 


9 

5-00 
5-54 

3-04 


BerEctiusj  luul  previously  dctennincd  tlic  ratio  of  the  acid  and 
yttria  to  be 


m 


Sulphiu'ic  acid 
Yttria 


5 
a-4012 


The  coinposition  of  the  sail  from  thcM  auatyws  is  obviously 


t  Aon.  (Ic  Chim.  xixvi.  }M. 
i  AnaaU  of  fhUowptij-,  liL  Si9, 
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rtM  t  1  au>m  su^uric  add  .  5 

1  atom  yttria  .         .         .  &•&* 

2  atoms  water  .         .         .  2-25 


12*75 
Dr.  Steel  found  that  when  12*75  giaina  of  this  salt  irae 
mixed  vith  6-875  gruoa  of  oxalate  of  ammonia,  tlie  reudoal 
liquid  (after  (he  predpitation  (^  the  oxalate  of  yttria)  m 
Deitber  altered  by  sulphate  of  yttria  nor  oxalate  of  ammwia. 
Tet  it  retained  about  0*32  grain  of  yttria,  owing  probably 
to  the  oxalate  of  yttria  not  being  quite  insoluble. 

Dr.  Steel  did  not  succeed  in  obtaininga  bifiulpliate  of  yttriL 

2.  Diadphate  of  yttria  is  obtained,  acconUng  to  Beneliu^ 
when  the  preceding  salt  is  exposed  to  a  red  heat,  or  when  ib 
aqueous  solution  is  mixed  with  ammonia.  It  is  a  white  powder 
insoluble  in  water. 

3.  Xilrate  of  yttria.  This  salt  was  first  formed  by  Mr, 
Ebeberg :  it  was  afterwards  examined  by  Vauquelin.  It  nif 
be  prepared  by  dissolving  yttria  in  nitric  acid.  The  solutioD 
has  a  sweet  astringent  taste,  and  in  most  of  its  properties  agrees 
with  nitrate  of  glucina.  Like  it,  this  salt  can  scarcely  be  ob- 
tained in  the  state  of  crystals.  If,  during  the  evaporatuHi,  a 
heat  somewhat  too  strong  be  applied,  the  salt  becomes  wrf^ 
and  assumes  the  appearance  of  hooey,  and  on  cooling  becomes 
hard  and  brittle  like  a  stone.  When  exposed  to  the  air,  it 
very  soon  attracts  moisture,  and  deliquesces.  When  sulphuiic 
acid  is  poured  into  this  solution,  crystals  of  sulphate  of  yttrii 
are  instantly  precipitated.f 

When  nitric  acid  is  poured  upon  yttria  no  immediate  actioo 
takes  place,  but  when  gently  heated  theyttriadiseolresatonee 
with  the  evolution  of  deutoxide  of  azote.  It  appears  to  yield 
the  rudiments  of  crystals  in  prisms.  When  gently  heated  it 
melts  into  a  beautirul  transparent  glass ;  but  a  very  moderate 
heat  decomposes  it.  From  its  great  deliquescing  powers  it  ii 
scarcely  possible  to  dry  it  Dr.  Steel  concluded  from  his  experi- 
ments that  theconstituents  of  the  crystals,  supposing  themdry,an 
1  atom  nitric  acid  .  6-75 

1  atom  yttria       .         .         .  5>50 

2  atoms  water     .         .         .  2-25 


14-5 


*  In  volume  L  p.  44!,  I  here  adopted  5-!5astbe  atomic  wd^t  of  ytbki 
but  the  analj-tical  tesuitt  ot  Dr.  Steel  tgnt  best  with  i-i  for  tbe  atonic 
wnght  oTthat  earth. 

f  Anq.  de  Cbim.  ixxvi.  \X. 
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4.  CarltotuUe  <ff  gOria.  This  salt  may  be  formed  by  pre-  ■•«•-  *>■ 
(HpiUiiiig  yUria  from  ils  solution  in  aoiiU  by  tuoHiiH  o(  lui  nlka- 
line  uirboiute,  It  U  a  wLite,  tusU-tcHK,  itiMuliibU-  [lowtlvr,  but 
tolubtv  in  tite  alkaline  carbunuUf.  Wbcri  a  eululioii  of  yUria 
in  Ml  uJIuJine  carbonate  in  boait-J,  liiv  yttriu  is  prrripiCaUid  iii 
die  Hiiiti-  of  :i  carbonab',  but  is  uguiii  <li«iolve(l  when  the  solu- 
tiou  ouot*.  Itt  vutialituents,  frotn  die  aniilyiiid  of  Dr.  i>leel, 
tobv 

I  Htum  carbonic  acid         .         .         2*73  ' 

I  atom  yllria  .  .  .  H-o 

I  atom  ualer  .         .         .         hl25 


9375 

Dr.  Steel  did  not  t>uccvcd  iti  obtitiiiing  a  salutiuii  of  carbonate 
of  yttria  to  watvr  by  means  of  a  current  of  carbonic  aciit  gaa. 
It  wouM  appear  from  tlu9  tliat  a  tncarhouaU  of  ytlria  docs  not 
•xisL 

fi,  SMlttt^quifiliiwphaie  <^  yttria.  When  solutions  of  phos- 
pbale  of  itoda  uud  »ulj>biit4;  of  yltria  are  mixed  togotlter,  ^ela- 
tioous  Socks  DTO  preeipilalcil,  luiviiiff  luudi  tlie  appeanuiee  of 
hydrate  of  alumina.  Afti-r  ignition  it  sull  retains  its  oputesccnt 
■pjiearance,  but  becomes  more  compact  and  of  a  vitreous  lustre. 
From  tlie  analysts  of  Dr.  Steel,  iu  constituents  were  found  to  be 


Pbosp  boric  acid 

«                 r 

4-477 

YtU-ia      . 

* 

8-2o 

Water     . 

■                 • 

2-8 

corrcspouds  with 

1     atom  pho»ptioric 

:  acid    . 

4-5 

1^  atom  yttria 

.          ■ 

8-25 

2^  atom.'*  water 

• 

•2-61'25 

This  is  similar  to  tlie  pbo«pbatc  of  yttrta  found  nadve,  aiid 

recently  aiutlyzed  by  Ber/cliuH. 

6.  PhotfAale  of  t/Uria.     Oiwlolin  describes  tfajs  salt  its  a 

wbite  powder,  not  fusible  before  the  blow-jtipe,  and  almoM 

in<oluble  in  water.     Itut  lie  doe^  not  inform  us  liow  it  was 

obtitiiiol,  nor  nltetbtir  it  was  uiutlyiccd. 
^    7.  AntniaU  of  gttria.     Wlieii  jttria  w  <Ii««olved  in  arsenic 
"aciJ,  nnd  tbe  solution  boiled,  arM-iiintc  of  yltria  prccipilati-s  in 

tlie  state  uf  a  white  powder.*    Arseniate  of  potash  precipitates 

yltria  from  acids.! 

EkiiN-rs.  Crdr*  Annttli.  179!),  n.  TO.    t  IUa{iroiU*j  B«ingciiL7ll. 
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^*'-  fi.  Bon^r  of  gUria.  This  talt  predpitates  when  Bolutiont 
of  boisx  and  sulphate  of  yttria  are  mixed  together.  Before 
the  hknr-pipe  it  loses  into  a  bead.* 

9.  CinmMA  offttria.  Chromic  add  disaolres  yttria  coU 
IB  eonadenble  quantity  ud  with  effervescence.  The  solntiaa 
has  an  astringent  and  pungent  taste,  and,  like  most  of  the 
chnmates,  has  an  orange-red  colonr  passing  into  yellow. 
The  H^Dtion  is  qtute  oeatraL  Vhea  evaporated,  it  fonns 
deodrite:i  consbdng  <^  piisms  and  cubes.  It  is  very  soluble 
in  wster.-f 

10.  Stiaute  <^  yflria.  WHien  an  alkaline  selenite  is  dnqit 
into  a  solation  of  \-ttria,  a  white  precipitate  faUs  in  large  floc^ 
which  do  not  dissolve  in  an  excess  of  selenious  acid.  When 
diy  it  has  tlie  appearance  of  a  white  powder.  On  exposure 
to  heat  it  fint  parts  with  its  water  and  then  with  its  acid.f 

11.  Oiaiale  of  yttria.  This  salt  is  obtained  when  omlale 
of  womonia  is  drop!  into  sulphate  of  yttria.  A  snow-whUe 
powder  &lls,  which  is  tasteless  and  insoluble  in  water.  In 
compodtion,  according  to  the  analysis  of  Dr.  Steel,  was 

1  atom  oxalic  acid  .  .  4*5 
1  idom  yttria  ...  5*5 
S  atoms  n-ater    .        ,         .        3-25 
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12.  Setqui-oralale  of  yttria.  When,  instead  of  dropping 
oxalate  of  ammonia  into  sulphate  of  yttria,  we  reverse  the 
process,  and  drop  sulphate  of  yttria  into  oxalate  of  ammonia, 
the  precipitate  has  the  same  appearance  as  in  the  precedin; 
case;  but  the  salt  formed  appears,  from  Dr.  Steel's  analyn^ 
to  be  a  sesqui-oxalate,  composed  of 

1 J  atom  oxalic  acid     ,        .        6-75 
1    atMn  yttria  .         .        5-5 


12-25 


TTie  result  of  two  successive  analyses  was 

Oxalic  acid        ...         6 
Yttria        .         .        .         .         5'6 

So  that  about  ^th  of  the  oxalic  acid  was  wanting  to  make  up 

the  atomic  amount. 

la  Dinoxalale  tf  yttria.    When  yttria  is  precipitated  from 

•  Oadolin.  f  JohD,  Annalt  of  Philoec^j,  iv.  486. 

t  Beraeliua,  Ann.  de  Chim.  et  de  Phyt.  ix.  806. 
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a  solution  OOBttbilng  on  excess  of  acid  by  nicaiis  of  oxnlic  ucid, 
tiivrt-  iti  oeOUJOOllly  obtained  a  dinoxalutc,  which  wema  to  be 
anliydroiu :  for  Dr.  Slt^el  unaly/cd  it,  aiid  oblained 

^k  1  atom  oxulii-  acid  4-5 

^^^^^        S  oloias  yttiiii  1 1  ■<) 

^^^^^K       4  atom  (uearly)  n-ator  '27^ 

'  14.  AcrtaU  nfyttrxa.  'Vttriu  dissolves  readily  in  acetic  acid, 
and  the  lolution  jnclda  by  waporution  cryMals  of  accUitv  of 
yttria.  The  crystaU  are  l)eiitit]ful  rhonibs,  having  an  amcthyitt 
colour,  and  not  allereil  by  exposure  to  tlie  uir.  Im  constituents, 
according  to  tlic  analy>iis  of  Or.  Su-el,  are  a«  follows: 
I  abHn  lu'vtie  acid  .  .  O'iiS 
1  atom  yltria  .         .         6-5 

3  atoms  water  .         .         3-375 
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15.  Tarfrult  of  tfttria.  Tlii*  salt  may  be  obtaine<l  by  pre- 
cipitating Kiilpltatc  of  yttriu  by  turtrati>  of  potanli.  It  in  a 
beautiful,  light,  white  powder.  Its  conetitiient»,  seconliug  to 
the  anaty&is  of  Dr.  Sloel,  are 

1  atom  tartiirii-  acid  .         fr25 

1  atom  yltria  .         .         B*6 

1  atom  water  .         .         1-125 


14-875 
10.  Succinate  of  tfttria.  Yttria  is  not  precipitated  from  its 
solution  in  acids  by  the  Hiiccinaies,  according  to  tlkc-i>crg.' 
Tki*,  however,  must  be  understood  with  some  limitation ;  for 
as  the  succinate  of  yttria  i»  but  sparingly  soluble  in  M-atcr,  it 
prrcipilutes  in  crystals,  if  a  concetitnilcd  solution  of  an  alkaline 
succinate  be  mixed  with  a  situruted  solution  of  ytlrtu  in  an 
acid.  Thu-t,  wiien  the  )>uceiiiate  of  soda  is  drop|>ed  into  con- 
cetitiated  muriate  or  acetate  of  yUria,  smaU  cubic  crystals  tall, 
which  arc  succinate  of  yttriii.| 

17.  licnzoaie  of  yttria,  Wbi-n  bcnzoatc  of  ammonia  is 
dropped  into  a  solution  of  sulplmte  of  yttria  (unless  it  be  very 
dilute)  a  white  preci|)itate  falU,  which  is  benzoate  of  yttria. 
U  is  scKTcely,  if  at  all,  soluble  in  water. 

•  Am.  <k  Chim.  xlUL  >77.  f  Klaprath'i  Bwrn^e,  liL  7«. 
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SECTION  SI1. — SALTS  OF  PBOTOXIDK  OF  CERIUM. 


For  the  facta  respecting  this  geaus  of  salts  at  present  knoviv 
\re  are  chiefly  indebted  to  tbe  labours  of  Kl^roth,  Hinnger, 
Berzeljus,  and  Vauquelin.  Several  of  these  salts  of  ceriniii 
were  subjected  to  a  very  minute  and  accurate  investigation  in 
my  laboratory,  by  Dr.  Steel,  during  the  winter  of  1630-31. 

The  salts  of  protoxide  of  cerium  possess  the  following  pro- 
perties: 

i.  They  are  usually  of  a  light  flesh-red  colour,  or  sometimct 
neatly  white. 

•2.  Their  solutions  in  water  have  a  sweet  taste. 

3.  Hydrosulpliuret  of  potash  occasions  only  a  white  precipi- 
tate consistbg  of  the  oxide  of  cerium.  Sulphuretted  hydrogen 
occasions  no  precipitate. 

4.  Prussiute  of  potash  occasions  a  snow-white  precipitate, 
soluhle  ui  nitric  and  muriatic  acids. 

5.  Gallic  acid  and  the  infusion  of  nut-galls  occasion  no  pre- 
cipitate. 

6.  The  oxalate  of  ammonia  occasions  a  white  precipililei 
which  is  soluble  in  nitric  and  muriatic  acids. 

7.  Arseniate  of  potash  when  dropped  into  solutions  of  alia 
of  cerium  occasions  a  white  precipitate.  Tartrate  of  potask 
occasions  no  precipitate. 

I.  Sulphate  (^  cerium*  This  salt  is  formed  by  dissolvii^ 
peroxide  of  cerium  in  sulphuric  acid,  and  adding  a  little 
muriatic  acid,  and  digesting.  Chlorine  gas  is  evolve^  and  the 
solution  becomes  colourless,  and  when  sufficiently  concentnted 
it  yields  prismatic  crystals  of-  sulphate  of  protoxide  of  cerium. 
Or  the  salt  may  be  formed  by  saturating  dilute  sulphuric  sod 
with  protoxide  of  cerium,  and  concentrating  the  solution  sufit- 
ciently.  It  has  a  fleah-red  colour,  an  agreeably  sweet  and 
astringent  taste,  and  a  speciiic  gravity  of  about  2-d.  100  parti 
of  water  at  the  temperature  of  60"  dissolve  6*47  parts  of  this 
salt.  When  heated  it  becomes  white  and  opaque ;  but  cannot 
be  rendered  anhydrouswitbout losiugaportionof  itsacid.  Bj 
two  or  three  crystallizations  !t  is  rendered  quite  neutral.  Dr 
Steel  subjected  this  salt  to  three  successive  analyses,  the  resolb 
obtained  were  as  follows : 

*  When  the  name  of  the  meial  is  placed  tSus  the  generic  MppdladoQ  of 
the  Halt,  it  denotes  ihnt  the  Mlt  eontams  tbe  protoiide  of  tbe  metaL  Tta 
lutphale  of  iron  is  sii!)>hnic  of  |>rutcxiile  of  iron,  and  m/piale  ofmium  ■ 
Eulpbate  of  prutoxide  of  cerium. 


^^ 
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T^IpIiiiricacUl 
Peroxide  of  cerium 
Water 


1 

t 

s 

4-6       . 

6'52     . 

6-42 

fl'58     . 

9-27     . 

8-690 

1-9 

4-67     . 

4-SO 

IkKCSit, 


Sulphuric  acid 
I'eroxiile  of  cerium 
Wnter 

I 
.       3-00     . 
M5     . 
.       2-06     . 

14-91     . 
.     IS-SS     . 

1 
5 

7-1 
*5 

n 
6 

«-92 
3-25 

Salt  niuily/tsl 

I56       . 
15-89     , 

1517 
14-79 

Increasf  of  wciglit 

.       0-fW     . 

0-27     , 

■38 

r 

^Uf  K'c  roiliicr  tlii'M  niimbcni  to  wliut  tlicy  woulil  he  if  the  sul- 
Hphuriv  lurtd  in  tach  annly«is  were  5,  or  an  ntom,  we  have 

■The  reason  of  UiP  increase  of  weiglit  Is,  tliat  durinpr  iho  unalyds 
the  pTOtoxW*  of  cerium  hun  Ix'cn  eli^in^ed  into  peroxide.  I'rom 
Hisingt-rV  ox{>i'rimenM  we  know  that  the  peroxide  of  cerium 
contain*  1  j  ntom  oxy^n,  while  the  proto9nde  contains  only  1 
atom.  The  Encreiue  in  tlie  above  ooatysis  ought  to  luive 
amountml  to  0-5.  It  ii  somewhat  leiis  than  tliiis  on-ing  to  the 
nnavoidable  loss  suittained  in  all  sut-h  analyses,  and  also  to  the 
difficulty  of  rendering  the  salt  nnhydroitn,  without  driving  off 
BOtne  of  {|»  neid.  I'he  mean  weight  of  the  peroxide  of  cerium 
in  the  three  luinlyso*  h  "-OS.  From  thin  it  follows  that  the 
atomic  weight  of  ]>eroxide  of  cerium  is  7.  t^ouscqucntly  that 
at  protoxi4le  of  cerium  muit  be  fl-5.     And  the  coitstitution  of 

IiulphaU-  of  i-eriiim  inu>t  be 
I  atom  lulphiiric  arid  •         .  ft 

I  I  atom  pruto.xide  of  cerium     .  .  R-S  j 

3  atotns  water  .         .  3-373 

14-876 
S.  Dimsipttate  of  cerium.     An  insoluble  white  powder,  ob- 
btined  by  precipitating  sulphate  of  cerium  by  ammonia.     Ita 
*  The  « eight  of  M)t  ■nnljYcd  wu  iT7i  grain*,    lacrewe  of  wdi^t 
fr».Br. 
f  Hall  analjraod,  SO  gnan*.    locrcaie  OW  gr. 
t  Salt  analyMir,  IB  pains.    IncrMM  0-.SI3. 

j  Mfowo  rxporimenu  gave  ibc  aioni  of  proioxiJc  of  cerium  '-fS.  Bee 
Firit  PruKifJa.  i.  360.  Bnt  pcrhniw  (hey  were  niiitic  on  too  stnnlt  ■ 
•rale  to  be  iaipliciily  ilependeJ  on, 
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t^^    eonsdtnents,  according  to  the  analyris  of  Dr.  Steel,  are  u 
foUovrs: 

1  atom  sulphuric  add  .         .  5 

2  atmns  protoxitle  of  cerium     .         .  13 

2  atoms  water  .         .  2^ 


20-25 
The  qnantity  of  water  actually  obtained  was  2-1. 

3.  Xilrate  of  cerium.  The  solution  of  this  salt  ia  colonrleMi 
crystallizes  with  difficulty,  retains  an  excess  of  acid,  and  haaaa 
anstere  and  sweet  taste. 

4.  CarbtmaU  of  cerium.  Carbonic  add  combines  rea£ly 
with  the  protoxide  of  cerium.  The  easiest  way  of  fonniof 
the  carbonate  is  to  precipitate  oxide  of  cerium  from  its  solntkn 
by  means  of  an  alkaline  carbonate.  The  precipitate  is  granultt, 
of  a  silvery  whiteness,  and  insoluble  in  water  acidulated  mtk 
carbonic  acid.  From  the  analyms  of  Kiaproth,  there  is  reMon 
to  believe  that  the  constituents  of  this  salt  are 

1  atom  carbonic  acid  .         .  2-75 

1  atom  protoxide  of  cerium  .  6-5 

1  atom  water  .         .  1*125 


10-375 

5.  Subtesquifihosphate  of  cerium.  When  a  solution  of  fto- 
toxide  of  cerium  Ls  mixed  with  phfisphate  of  soda,  a  white  pow- 
der &lb  which  b  tasteless  and  insoluble  in  water,  but  is  slightlf 
soluble  in  nitric  and  muriatic  acids.  By  exposure  to  a  red  hot 
its  colour  is  changed  to  a  greeniah-yellow ,-  but  it  does  not 
undei^  fusion.  Its  constituents,  according  to  the  analyst  tl 
Dr  Steel,  are 

I    atom  phosphoric  acid  .         .  4-5 

Ij  atom  protoxide  of  cerium       .         ,  9-75 


14-25 


Tlie  actual  result  of  the  analysis  was 

Phosphoric  acid  .        .  4'5    =  1  abm 

Protoxide  of  cerium         .         .         10-22  =  1-5723  atom 

This  is  the  only  phosphate  of  cerium  hitherto  examined, 

6.  Arseniate  of  cerium.  Obtained  by  saturating  arsenic  aod 
with  protoxide  of  cerium  by  digestion.  It  is  a  white  powder 
not  soluble  in  «-Bter,  and  not  hitherto  subjected  to  analysis 

7.  Binarneniale  of  cerium  is  obtained  when  the  precedii^ 
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Milt  is  difTMted  ill  anoiilc  ncid.     U  di»s  not  crystallize,  but  ***«■'"■ 
Whoii  r<>i)«-nlnil«il  fu»umc«  tlio  form  uf  a  j<'lly.* 

8.  SeifMile  ii/trrittm.     A  nititc  p«wtlcr  InKuliiMv  in  waler.t 

9.  Bixeffnilr  <ff  cerium  is  obtuincd  wlicn  the  preceding  tailt 
\»  dissolved  in  selonious  Bcid.J 

10.  CAromale  of'  cerium.  A  yellow  powder  insoluble  in 
waWr.J 

1 1 .  liiehromatf-  t^  rerimn.  Soiull  red  uann]»in.'nt  pricms, 
readily  soluble  in  water.  || 

12.  Mo/i/Matr  nfrtrium  is  easily  obtained  by  double  decom- 
position. It  U  a  white  powder  insoluble  in  water,  but  soluble 
ill  several  aeitkf 

13.  (Irii/iite  tifreriMm.  TliintaltniRy  be  oblainod  by  adding 
oxalate  ul'  iuninonui  or  oxalic  add  to  sulpluilc  of  cerium.  When 
the  oxalic  add  is  used,  the  salt  fidls  like  a  piec«  of  curd,  which 
mny  l>e  taken  up  on  the  end  of  a  rod  like  so  much  M>ft  re&iii. 
\Vb«-ther  allowed  to  remain  in  the  liijuid,  or  dried,  it  mpidly 

I  loses  tills  property,  and  falU  into  a  while  powder.    When  heated 
It  burns  and  leaver  peroxide  of  cerium.     It  is  insoluble  in  water 
and  in  oxalic  acid.     After  bei^^  dried  io  as  high  a  temperature 
I  tx  it  could  bear,  without  decomposition,  its  constituenb*  were 
I  found  by  IJr-  Sleel  to  be 

1  atom  oxalic  acid  .         .         ,  4*5 

1  atom  protoxide  of  cerium         ,         .  6-S 

14.  Arelaie  of  eerinm.  Acetic  acid  readily  di-woIveM  the 
I  protoxide  of  cerium,  newly  ])ri^'ipilate4l  by  means  of  alkidies. 
I  The  volution,  when  saUirated,  has  a  sweet  taste,  and  yields  by 
'  cn^K>TBtion  small  granubled  cry»tnls:  readily  soluble  in  water, 
■  bat  •paringly  soluble  in  alcohol,  and  not  altercl  by  rxpoKuie 

lo  the  air.ft 

15.  Tarlmte  of  rerium.  When  tartaric  acid  i*  dig^eoted 
upon  recently  precipitated  protoxide  of  cerium,  it  fonns  a  nit 
readily  soluble  in  water,  in  ciHHcigueiice  of  the  excess  of  acid 
which  it  contains.  When  the  solution  is  mixed  with  a  threat 
ipuintity  of  water,  while  insoluble  flakes  of  tartrate  of  cerium 
arc  precipitated.  Tartaric  ncid  oeCLiioim  no  prenpitnte  in  the 
sulphate,  nitrate,  or  muriate  of  cerium  ;  but  tartrate  of  potiuli 

•  ICunncr  Md  Bcmliu*.  t  Berwliiu.  t  tUi,         f  IbiJ. 

1  Ibid.  1  tbid. 

*■  Tlic  <|ii>ntiir  ohtsinrxl  m  the  snalfiri*  «M  iflM  Inrimd  of  0'5. 
+t  llinnfrr  ami  Ikridiiw,  Gehlpn'*  Jour.  ii.  ♦1.1, 
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<^t'  dravfdnni  tke  artimic  of  ceiraai  m  tbettateof  awUtepov- 
ier.  Ii  »  coft.  Kgfct,  nntrlew,  •ml  uHolnble  in  wsler.  It  it 
folaUe  ia  nhric  mnrBtk^  md  sulphnric  arids,  and  m  pnte 
aika&s.* 

16L  CitrrUt ^ ftriitm.  Mumteof eniiim isnotpreopiltfed 
br  ciiric  acid  Br  digesdn^  ilie  arid  mi  recently  precipitaled 
oxide-  aa  iniolubie  coinpoiuid  is  fonned,  which  Is  lendeicd 
MalaUe  by  an  nee;*  of  acid.  Th^  sohidon  does  not  cryBtallite. 
Ajo^I  deprires  it  of  its  water  and  of  part  of  its  acid,  bat  doci 
not  disBolTe  ii.-*- 

17.  Smciatdt  tfarimmu  'When  a  few  drape  of  sucdnate<f 
ammonia  aiv  poured  into  muriate  or  nitrate  <rf'  ceriom,  a  pre> 
estate  is  foniwd  which  soon  dlsappeara.  When  more  <tf  the 
re^aeent  is  added,  the  socrlnate  (rf  cninm  is  sepniated  ui  the 
•tale  tt  a  white  powder.  This  salt  is  not  wfa(dly  inmloble  is 
water,  as  a  snail  portion  still  remains  in  solation.  Sundn^ 
of  annntmia  does  not  precipitate  cerinm  from  the  acetate.  Th* 
fnniiijtes  ns  with  a  ready  means  of  separating  iron  from  ceriom 
wbeo  they  happen  to  be  mixed.^ 

18.  Bemzoa/e  nf  ctrittm.  Benzoic  acid  occadons  no  pred- 
pitate  in  mnriate  of  cerium ;  but  when  it  is  digested  on  reeentlf 
precipitated  oxide  of  cerium,  a  solution  takes  place.  On  cool- 
ing, the  liquid  first  lets  &1I  crystals  of  benzoic  acid,  then  ^ 
benzoate  of  cerium  &lls  in  the  state  of  a  white  insolnble 
powder.} 

SECT.  Xiri. — SALTS  OF  PEROXIDE  OF  CEBIL'M. 

The  salts  of  peroxide  of  cerinm  are  distinguished  by  a  yd* 
low  or  oFuige  colour.  They  bare  been  rny  little  examined; 
but  it  i*  probable  that  the  characters  (or  at  least  most  of  them) 
gtren  in  the  last  section  to  the  salts  of  protoxide  of  ceriom  will 
apply  to  them  likewise. 

1.  Setquiml/Aatfd  peroride  of  cfrium.  This  salt  may  be 
obtained  by  dissolring  peroxide  of  cerium  in  dilate  mlphmie 
add  by  a  gentle  heat  The  oiangeHx>loured  solution  obtuned 
in  this  way,  when  cautiously  evaporated,  yields  beautiful  sOky 
needles  of  a  lemon  yellow  colour.  \V'hen  alcohol  is  added  tP 
the  concentrated  solution  the  salt  falls  down  exfietly  like  i 
piece  of  soft  yellow  resin,  very  adhesive,  and  which,  by  ezpo- 
$iu«  to  the  air,  becomes  softer,  but  does  not  deliquesce.    Ihe 

*  HUii^er  and  Benelius,  VauqadiD. 

t  Huinger  Mid  Benelius,  Oefalcn'a  Jour.  ii.  1)3. 

i  Ibid,  a  414.  $   ilrid.  ii.  413. 
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cryslaU  are  not  iilt«red  by  expMurc  to  tlic  air.  'N^Hien  dia- 
tolred  in  a  lar^  quantity  of  wntrr,  n  solution  of  «tilphate  of 
cerium  (h  ohuined,  wliile  a  yHlon*  InsoluldA  dUiilpIkate  of 
peroxide  [trecij)itat^8. 

Ttie  «alt  r«d<lenA  vrgc-tablc  blues.  MHicn  hontx^  it  mclls 
Into  an  orangc-4-n]oiircd  lic|uid,  whicli  becomes  yellow  n-lien  all 
tlic  whUt  i*  driv*-!!  off.  A  red  beat  decomposes  it  altogether. 
lie  oonstitueiita  of  this  salt,  according  to  tbe  aoalyftia  of  Dr. 
Steele,  arc 

Sulphuric  acid  .         .         7*491 

Peroxide  of  ccriam  ,         .         7*072 

Water  ....         5-438 

*nu>  is  obviously  equti-alent  to 

1{  atom  sulphuric  acid  .         .         7'S 

I    atom  peroxide  of  cerium      ,         .         7-0 
fi    atoms  water       ....        5-6'25 


20-125 


8.  Dimiphait  <^  jteroxide  qfcmitm.    This  is  tlic  substance 

rblch  precipitates  when  the  preceding  salt  is  dissolved  in  a 

.  detti  of  water.     It  is  a  sulphur  yellow,  insoluble  powder- 

(•fore  ignition  it  is  easily  soluble  in  adds,  but  aAcr  being 

beUed  to  rednen  it  does  not  dissolve  in  nitric  or  muriatic  aci<t8 

in  aqoa  regia.     2-16  grains  of  this  salt,  analj'zed  by  Dr. 

bI,  were  found  composed  of 

Sulpliiiric  acid  .         .         3 

IVnixide  of  cerium  ,         ,        14-4 

Tilts  is  obviously  equirulcnt  to 

1  ototD  sulplinric  acid        ...        & 
S  alODH  peroxide  of  cerium        ,         .       14 

19 
Sitraie  of  pcrotide  of  cerium.     Peroxide  of  cerium  dis- 
wilh  difficulty  in  nitric  acid.     The  solution  hns  a  ycl- 
sli  red  colour. 

4k  Stib$t»guiphottphati<  <if  peroxide  i^cerium.  'lids  salt  may 
be  obtaJiied  by  mixing  to^etlicr  solutions  of  the  nitrated  per- 
oxide of  ctfrium  and  phofipliutc  of  sodiL  The  precipitate,  when 
waifaed  and  dried,  is  a  light  ycUow  powder  composed,  ocoonU 
ing  to  tbe  aualy.iis  of  T>r.  Steel,  of 
^_  Phosphoric  acid  4*5 

^m  Peroxide  of  cerium  10*48 

■      tt.  o 
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TIb  M  eqninleat  to 

1    atom  fhaspkane  add  4-5 

IJ  atan  p*™^**  of  cerinm  lO-S 

15 
i.  Seltmitt  ofpfwvxHe  of  eerinm.     A  lemon  yellow  povdc^ 
wUch  iett  CO  itB  acid  wfaen  stnmgiy  heated.* 

6.  BiaekmUt  t^pataide  ofeaiamu  Obtained  by  di«JiiLg 
tke  pnceding  nit  in  Klenio«is  add.  It  is  white,  0F*4O*  ■■>' 
nyitilKT      It  ia  aolnhle  in  water.-t- 

7.  SaqmaabA  offtroiuk  of  cerimmL  Hut  nit  may  k 
obtained  exactly  in  tbe  same  way  as  the  oxalate  of  ceriB% 
only  sidatitatin^  tbe  peroxide  be  the  protoxide  of  oenia 
Tbe  rainotts-lookin^  matter  obtained  is  reddish  yellow ;  bri 
whtti  drinl  it  aanimes  the  fonn  of  a  white  powder.  Ita  aa- 
sonienlB,  accofdin^  to  the  analysis  of  Dr.  Steel,  are 

IJ  aloBit  oxalic  acid  .         6*75 

1    atom  peroxide  of  cerimn   .  7 

0-5625 


14-3125 


SECT.  XIT. SALTS  OF  ZIRCOHIA. 

Zimmia  dissolves  in  adds  only  when  newly  predpiMed 
from  its  solutions  and  still  moist  If  it  be  dried,  and  e^Kciill; 
if  it  be  exposed  to  a  red  heat,  it  is  acted  on  by  adds  widi  gnt 
difficult}-. 

2.  Tlie  alkalies,  the  alkaline  earths,  and  the  earths  fotfB, 
aepante  zirconia  from  all  its  combinations  with  acids. 

3.  The  greater  number  of  the  salts  <^  zirccmia  are  inH^ablt 
in  water.  This  is  the  case  with  the  sulphate,  sulphite,  ph» 
phate,  filiate,  borate,  carbonate,  selenite,  oxalate,  tartiatet  (^ 
Hate,  mucate,  and  gallate.  The  muriate,  nitrate,  acetate,  bca- 
loate,  and  malate,  are  soluble  in  water. 

4.  The  salts  of  zirconia  have  an  astringent  taste,  harsh,  ud 
(Usagreeable,  similar  to  some  of  the  metalline  salts. 

5.  M'hen  sulphuric  acid  is  dropped  into  a  salt  of  nrcoiii*t> 
white  predpitate  £iUs. 

6.  When  carbonate  of  ammonia  is  dropped  into  a  sill  if 
zirconia,  a  white  precipitate  appears,  which  is  re-dissolred  ifu 
additional  portion  of  the  carbonate  of  ammonia  be  added. 

*  ficndius.  t  It*<'- 


Salts  or  zirconia. 

7.  Oxalate  of  ammonlu  and  tartrate  of  pota«h  occasion  a 
white  preci]>itU«!  when  dropped  into  a  suit  of  zirconiu. 

A.    Prtuaiate  of  potaali  throws  down  nitrate  of  xirconiu  white. 
0.   Chromatc  of  potash,  a  yellow  precipitate. 
■  10,  'llie  infusion  of  nut-galls,  when  dropped  into  a  solution 
of  xircoiiia,  ooca»ion§  a  white  precipitate.    The  hydrosulphurct 
of  potitth  occasionn  no  precipitate,  if  thesolution  be  free  from  iron. 
B  I.  Sulphafr  <(f  zirconia.     This  salt  may  be  formed  by  dis- 
^mving  zirconia  or  its  hydrate  in  sulphuric  acid,  evaporating 
till  the  salt  cry«tillizes,  and  freeing  the  crystals  from  all  excess 
of  acid,  either  by  washing  them  iu  alcohol,  or  by  exposing 
them  for  a  (]iiarter  of  an  hour  to  a  red  bcsL     The  <lried  sail 
dlnolrec  slowly  in  col<l,  but  rapidly  in  hot  water.     Ammonia 
thrwws  down  (iiinr  /irconia  fnim  the  solution.     Ti)st«  astrin- 
gent. Its  coiistiluerila,  nccordiitg  to  the anulysis of  Henwlius,  are 
t  Sulphuric  acid         .         .         56-92 

Zirconia  .         .         .         40-08 


lOO-OO* 


I  This  is  obriously  equivalent  to 
1  atom  sulphuric  add 
I  atom  zirconia 


6 

3-75 

8-75 


:/e  qftinxmia,  Thh  salt  may  be  obtained  by  di*- 
Me  of  zireofiia  in  an  acjueous  solution  of  the  pre- 
ceding salt  'V^'hvn  t)i«  nolution  is  concvntrated,  we  obtain 
first  a  gummy,  and  iifcerwiirdH  n  while  opaque  matter,  which  is 
the  salt  iu  que«lion.  Wh<-ri  hciili'd,  it  swells  tike  alum,  givuig 
out  water,  and  when  the  temperature  is  raised  to  redness  the 
acid  also  v*  disengaged.  Wht'ii  we  attempt  to  dissolve  this 
mtit  in  a  great  quantity  of  water  it  un<lergoes  deeom position. 
In  constituents,  according  to  the  anidysis  of  Bencelius,  are 
Sulphuric  acid  .         .         39-73 

Zirconia  .         60-27 


<^vtou«ly  equivalent  lo 

1  atom  sulphuric  add 

2  atonu  zirconia 


100  OOf 


5 
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■  Km^  Vet.  AcmI.  IImiiL  1624,  p^  ai4. 
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i.  Tru  II  tUlL  ofAimmim.    This  alt  is  obtained  when  Uie 
BnEoal  flipkato  is  pirripititrd  from  ito  stdatiMi  by  aletdicd. 
TW  pitdpinre  g  w  be  waked  fintwidtaladtcd  and  dienwid 
It  B  m  vlin^  twtrksi^  imohd^  wUte  powder,  oom- 
nt  tke  analyw  of  Bcfidin,  of 
SiOpknie  Md  30-53 

69-47 


KMHM* 


TUi  is  abvidBh-  cqwiralent  to 

I  au^  sd^Biie  acid  5 

a  SUMS  silcnus  11-^ 


16-25 
-L  Si^mle  q^sammia.     Tih  salt  was  first  fimned  hj  Ekp- 
nck.  VanqorliB  bas  giren  as  a  detailed  deseriptioD  of  it    It 
■«T  be  easilT  fecsed  by  poaring  nitric  acid  on  newly  piedfi- 
btra  nrroma. 

It  shnyv  cnetaiDS  an  exeen  of  acid.  By  evaporatii^Bfel- 
Idwiib  tiansparent  tutter  is  obtuned,  ^Eceedin^y  teaadw 
and  TKod,  sad  iritich  dries  widk  difficulty.  It  faw  ao  astiii- 
grat  taste,  aad  leares  on  the  timgiie  a  naiad  matter,  owii^  l> 
its  beinsT  decomposed  by  the  salira.  It  is  only  Tery  qiariiigtf 
soluUe  in  water:  the  greatest  part  remains  under  the  tarn  d 
gelatinous  and  tnnspaient  flakes.  Like  all  the  other  salts  into 
which  lirconia  enteis,  it  is  decomposed  by  heat.  It  u  deco» 
posed  also  by  sulphuric  arid,  which  occa^ons  a  white  precipi- 
lale  sohible  in  excess  of  arid ;  by  carbonate  of  amnuHiia,  wUA 
praduces  a  piecipttate  soluble  by  adding  mon  carbonate ;  ■■' 
by  an  infu»on  of  nut-galls  in  alcohol,  which  produces  a  vtilt 
precipitate  soluble  in  an  excess  of  the  infusion,  unless  the  A- 
coma  contains  iron ;  in  whidt  case  the  predpitate  b  a  giajak 
blue,  and  part  of  it  remains  insolnble,  gtvii^  the  liqntH'  a  Uk 
colour.  This  liquor,  mixed  with  carbonate  of  ammonia,  pv 
duces  a  matter  which  appears  purple  by  transmitted  li^t,  bit 
riolet  by  reflected  light.  Gallic  acid  also  prenpitates  mintt ' 
of  zirtonia  of  a  grayish-blue,  but  the  colour  is  not  so  bit- 
Most  of  the  other  vegetable  acids  decompose  this  salt,  and  lisn 
CMubinations  insoluble  in  water.f 

5.  Cmhomite<^zirtfma.     Tliis  salt  was  formed  by  Vsnqndii 

•  Km«.  Vet  Acsd.  Hukd.  \%M,  p.  314. 
t  Viuqiidiii,  Ana.  de  Ctaai,  xxii.  \W. 
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precipitating  zirconin  from  iu  soiuUon  in  aci<ls  by  alkaline 
carfwiiates.     It  i*  a  tasteless  wliilv  powder,  composed  of 
^K'  44*5  ticl<l  and  n'aU-r 

^^^^^^  5o*5  lirtioiiia 

■^    From  U 
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From  the  experiments  of  Klaprotli,  it  would  uppcar  to  eon- 
bun  but  litdc  curbonic  acti),  utid  tlierefore  to  he  a  Hub-talt. 

6,  P&tuffihalc  qfziixmua.   A  wlute  powder,  iiiitoluble  in  water, 

7.  Borate  of  zitToniii.     A  wliitw  initolulilo  p»wd«r. 
Se/ejiitc  of  zirronia,     A  wliiu-  piiwdoFi  iiiRulubie  in  water 

in  selenic  acid.     It  a  dccoinptM^d  by  lieaU* 

V.  AcftiUe  o/zirroHia,     This  salt  muy  be  formed  by  pouring 

add  on  newly  precipitated  lirconin.     It  bas  nn  tutrin- 

tmte.      It  docs  not  crj'Atallize,  but  when  evaporated  to 

traen  it  forms  a  powder,  which  doeanotattract  moisture  from 

I  air  OS  acetate  of  alumina  does-f     It  is  very  <M>lul>lein  water 

in  alcoliol.     It  i^  nut  so  e>«.fily  ilecomposed  by  hc^l  w 

nitrate  of  zirconlo,  probably  Ih-«uu80  it  does  not  nilhcrc  so 

rongly  to  water.} 

10.  limziialr  ofzirronia.     Tliis  snlt  b  Mhible  in  water,  but 
its  pro|>eriic*  Imvc  not  been  inveiiti^itcd. 

111.  Ozoiate.  ofzirconia.     A  whito  insoluble  powder. 
12.  Tartrnte  «(f  zirctmia.     A  white  insoiubltf  powder, 
13.  Gtratrt^ ziramia.     A  while  iii»nluble  powder. 
14.  Mtiaitr  I'f  zirconia.     A  wliito  insoluble  powder. 
Ifi.  Maiate  itfzircimia.     This  Halt  is  »olublc  in  water,  but 
properties  luivo  not  b«en  examined. 
16.  Gaiiate  (/fziramta.     A  whitii  insoluble  poK'der. 


II  The  salts  of  thortna  have  not  yet  been  cxiunincd  in  detail, 
k  luiTC  given  in  tlic  finit  voliiinc  of  thii  work  (p.  477)  tlu'  few 
Jbets  respecting  them  whicii  have  been  uscertuincd  by  tlie  re- 
searches of  Bvrzelius,  It  w-ill  be  «ufGcient  to  refer  tlie  reader 
to  that  place  for  the  chursctcrUlic  properties  of  tJiorlnu  and  ita 


fSCTtOS  Xri.— SALTS  OF  pnOTOXtDi:  OP  IRON. 

The  compounds  which  the  acids  form  with  the  oxides  of  iron 

•  Beraelius.  Ana.  dc  Cliim.  ct  de  Phyit.  x.  tBi. 
+  Klaproth.  Jouf.  tie  Phju.  xxxvi.  ISS. 
i  Vaoiiuclifl,  Ann.  de  Chim.  ixii.  xoa. 
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WCTV  f(>nnrrly  dutiiignuhed  in  cliemistry  by  the  ppithct  marti^ 
'  be«9UM  Msra  wm  Uir  lille  given  by  tbe  alchymista  la  iraiii 
llie  most  important  of  tKf«4-  »ll!>  luivt-  been  iong  knovn.    F< 
metals  attract  oxygen  and  mmbiiic  wiUi  atidii  witb  more  fiuili' 
than  iron ;  many  of  its  «lbs  thcn-forc,  »Tt  found  rt'iuty 
or  at  least  are  of^rti  formed  during  the  multiplicity  of  opp 
lo  which  this  very  nscfol  metal  is  exposed.     Some  of  tbtm 
taits  bare  been  long  of  great   tmporlance  in    manufactnrtt. 
They  form  tbe  basis  of  writing;  ink  and  of  the  black  dye,  aid 
sre  employed  also  to  communicate  several  otlier  colount  to  ctoth. 
The  protoMilts  of  iron  may  be  distinguished  by  tbe  foltowiD| 
properties. 

1.  The  greater  number  are  soluble  in  water;  and  in  genfnl 
the  Milation  bas  a  greenish  or  yellowish  red  colour,  and  an  nt* 
trin^^t  taste. 

2.  Prussiate  of  potash  oocufiona  in  tliese  solutions  a  precipi- 
tate of  a  deep  blue,  or  at  least  whirh  a<:riuir<-s  tliat  colour  on 
exposure  to  tlie  almoApberr,  bring  Honu-timcK  whit<>. 

3.  Hydrosulpburet  of  |>otiuh  occanions  a  bhick  precipitate. 

4.  8utphureltetl  hydrogen  renders  the  solution  nearly  colour* 
Imb,  but  occwtons  no  pn^-ipitnte. 

6.  (laltic  acid,  or  the  infunion  of  nut-gnlU,  oc«tM!on<«  n  tJwi 
or  pnqtie  prci'ipitate,  at  least  if  the  solution  has  been  for 
time  e.x])osed  to  tlic  air. 

6.  Hhospluile  of  MNia,  when  dropped  into  a  mltof  iron, 
WOtLt  a  white  prt-cipilute. 

7.  Henzoatc  of  ammonia  does  not  precipitate  ihe  proto^ls 
of  iron,  but  if  tliey  be  heated  n-itb  nitric  acid,  and  iben  neutnt  h 
ised,  it  thrun's  them  down  yellow.  H 

5.  Tile  action  of  succinate  of  ammonia  on  tbe  salts  of  iiou  » 
similar  to  that  of  benzovle. 

I.  StilpAalc  ttf  irvn.  Coneenrmtoil  sulphuric  acid  ads  but 
very  slowly  upon  iron,  unless  it  bo  nssi<{ied  by  beat.  In  tbal 
case  the  metal  is  oxidized,  and  sulphurous  acid  gas  exhal«<L 
But  diluted  sulphuric  acid  dissolves  iron  with  great  rapidity, 
and  abundance  of  hydrogen  gas  is  emitted.  In  thiN  ease  tib* 
water  is  det-omj)o-<e<l,  iu  oxygen  eooi bines  witb  tlio  iron,  while 
its  hydrogen  is  emitted.  Tbe  8olution  has  a  green  colour,  sod 
when  eva(vorate<l  immeiliatcly,  yields  crystals  atsu/phatf  of  iron, 
but  if  alluwi-d  to  remain  exjKKtcd  lo  tlie  atmosphere,  it  gradu- 
ally nttmcts  more  oxygen,  and  is  converter!  into  perm/phalt, 
unless  it  contains  an  excess  of  ueid,  whicli  retards,  and,  wlm 
sufficiently  abundant,  prevents  the  change. 
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SALT!  OP  PROTOXIDE  Of  IXOIT. 

Till*  snit  WBs  known  to  Uio  ancicnfai,  nnd  m  mentioned  by 
Pliny  nnder  the  names  of  mi*y,  Afwy,  and  calcAanhan.*  In 
commerce  it  is  \}sun\\y  AcnomiKited  ffrfeJt  ritriol  or  txippfras. 
It  w  not  prepared  by  difeiolviiip;  iron  in  sulphuric  arid,  but  by 
nubtenin^  tlie  pyrites  which  are  found  native  in  abundancci 
and  exposing  them  to  the  open  air.  They  are  slowly  covered 
with  m  cTuxt  of  sulphate  of  iron,  whidi  i*  diNSolvod  in  wat«r, 
and  aft<Tu-»rd«  obtained  in  cryslaU  by  evaporation.  SometimeM 
liie  call  is  found  ready  fnrtned,  either  in  a  stale  of  solution  in 
watCT  or  mixed  villi  decayed  pyrites.  In  some  cases  it  is  found 
aeoMBury  to  rramt  the  pyrites  before  i)ii-y  '-">  '><-  'fik^-  to  under- 
go spoataneouit  doconi|)OHiti»n,  Tlil.t  i<-  nni-.)  jimiKilily  owing 
to  the  compact  Mtate  of  the  pyrite:«  in  thojte  cades,  and  the  ab- 
aence  of  all  uncombined  iron.  Pyrites  h  in  liiet  a  bi^iilpliuret 
of  iron.  'I'lie  roaxtiufr  reiluces  it  to  the  slate  of  sulpliurct, 
which  decomposes  very  rHidily.  The  solution  always  contains 
an  exc«s»  of  arid.  Hence  it  is  necessary,  in  order  to  obtain 
tlie  Kaltit  in  cryslabt,  to  ilirow  into  it  a  quantity  of  old  iron. 

Salpliate  of  iron  has  a  line  )^vcn  colour.  Ila  crystals  are 
obUque  rhombic  prisms,  as  was  lirst  shown  by  Dr.  \\'ollaHtoD. 

e  bauo  of  the  prism  is  inclined  to  either  of  the  lateral  facva 
at  an  angle  of  i>9°  20'.  The  inclination  of  the  hitend  faces  to 
each  other  is  8*2°  'iCK.  The  angles  of  th<'  prism  are  frequently 
rq|>]ucvd  by  one  or  two  fiiees.f  It  has  a  stntng  Myptic  ta^tc, 
and  alitays  reddens  r«gcmble  blues.  Its  speeific  gravity  is 
1480,  The  following  table  exhibits  the  solubility  of  1  part  of 
thia  salt  in  water  at  different  temperatures,  as  determined  by 
Brandes  and  Firnliabcr : 

Temperature  SO'  69"  75*  91°^  115°  UO"  180°  194' 212» 
Water  1-64  1-4.1  0-87  0-BO  0-44  0-.1S  0-37  0-27  0-30 

TIic  wlulion  it  light  green.  Alcohol  and  sulphuric  acid  throw 
down  from  it  tlie  anhydrous  italt.  When  exposed  to  tho  air, 
itH  tturfiK-e  gnuluully  lN-euiiie!<  opaque,  and  is  covered  with  a 
yellow  jxiwder,  because  it  aliMirlw  oxygen,  and  ia  partially  con- 
rericd  into  pentulpbatc.  'Itiiii  change  takes  place  much  more 
rapidly  and  completely  if  the  salt  be  moUtened  with  water. 
The  eaii&e  of  these  phenomena  vras  flnt  explained  by  Scheele. 

When  healed  it  melts,  gtndually  loses  il«  water  of  crystalli- 
ntioii.  and  by  a  strong  heat  sulphuric  acid  is  drivoti  off,  and 
there  remains  behind  a  red  powder,  formerly  known  by  the 
of  mt<-olAar  (^  vitriol,  which  ts  cilber  a  mixture  of  red 

•  Lib.  xxuT.  c.  IS. 

f  Brooke,  Aunals  of  Plutosoph>'  (8il  mtIm),  n-  IM. 
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cbM  L     mdde  of  iron  and  persulphate,  or  pure  oxidp,  necurdtng  to  the 

rheat  applie<L  When  this  salt  is  diBtilled,  ihero  comra  oyct  firsi 
water  Nltj^htly  ncidiilalRil  with  Ntiiphuric  actH,  and  afterwards  a 
very  strong  filming  iicitl,  (bnrnrly  known  by  tlie  natme  of 
fflarial  oii  (if  ritriol.  'ITie  rmiiltiuin  iit  thv  taitav  mixture  rf 
nxiili!  and  pcnulgibaU*  u'ltich  in  uhtniiml  by  cnlciuittiuu  tn  die 
op«n  air.  This  ttecom  position,  which  sulphate  of  iron  unikN 
g(M-»  wlien  hcatod,  eitul)le«  it  in  muny  eaaes,  in  a  high  temper 
atnrv  to  ucl  nearly  tho  joune  part  as  sulphuric  acid.  liencfl'  ll 
is  often  emplo)xd  by  mann^cturers  to  disengage  the  weaitcr 
acids  from  their  buses. 

When  the  crystals  of  sulphate  of  iron  are  moderately  heated, 
they  assume  at  first  n  white  colour ;  tlie  same  change  of  oolur 
is  conserved  when  the  salt,  in  the  state  of  powder,  is  infnaed  ia 
alcohol,  llotice  we  see  the  separation  of  the  water  t^Uiftt 
the  colour  from  green  to  white,  and  if  water  be  now  poured  on 
ihc  white  pow<lcr,  it  bpcomes  again  green. 

Tlie  sulphate  of  iron  ia  decompuMd  by  the  allialine  pUm- 

phates  and  borates,  and  by  tlie  gn-al<-r  number  of  iboM  nlci 

whose  base  forms  an  insoluble  cumfwuitil  with  the  sulf 

acUl,  as  nitrate  of  silver,  of  lend,  of  barytes,  ficc 

Its  constituent])  are 

I  atom  sulphuric  acid        .  A 

1  atom  protoxide  of  iron  ,         .         4*6 
7  atoms  water  .         .         ,         7*876 


17-375 

'2.  BisuifAate  <^  irfin.  Sulphuric  acid  disaolvea  eryttiUiBtJ' 
or  a&hydroufl  sulphate  of  iron,  assuming  at  firnl  »  rowt  red,  bal 
when  fully  saturated  actpiiring  a  puT|>)e  red  colour.  \Vlm 
witter  is  grattiudly  ncUleil  to  the  Holuliou,  m>  m  to  dilute  itwilh- 
uut  any  increase  of  temperature^  the  colour  becomes  gradually 
n>or<'  dilnte,  and  at  hiNt  di«nppCArs.  It  vnnishos  also  when  the 
solution  is  heut4>il,  wliili>,  at  the  iwme  time,  siJphurous  acid  il 
exiialed,  and  sesqiiifulphaio  of  peroxide  is  precipitated.* 

.1.  SitipAite  of  iron.  Tliis  ladt  con  only  be  formed  by  dis- 
•olving  recently  precipitated  protoxide  of  iron  in  AiUphuroui 
aeid.  It  i&  insoluble  in  alcohol,  and  when  exposed  to  the  sir 
b  converted  into  sulphate  of  iron. 

4.  StAMipHit*  t>f  iron.  Sulphurous  acid  attacks  iron  with 
mpidity.  much  heat  is  produced,  and  the  solution  a8«tiiiM<*> 

*  Bum;  ind  Lecaaa,  Jour,  de  Plismwcie,  itk  Ml. 
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firatabrou-ncolour.wliichgnultmllypiHsctiiDtoii^rtfen.  During  sklxvl 
lliw  itolulioii  no  bydn^rn  gas  is  emittotl  except  u  f«w  bubbles  ^^^^~ 
•t  fint,  'llic  iron  is  oxidized  at  the  expense  of  tliv  ucid,  half 
the  oxyifon  of  n'liich  combines  witii  the  irou,  and  converu  it 
into  bluck  oxide,  while  th«  whole  sulphur  and  the  remmtiing 
ax)-K«ii  niiite  nntb  the  iroiL  The  salt,  therefore,  which  i»  ob- 
tained by  tJits  process,  is  not  Kul}iliite  of  iron,  but  But)Milpliit«. 
Tbesc  phenomena  wer*  first  dcscril>ed  by  HcriJiollt'L*  When 
vulpburic  acid  or  muriatic  acid  in  ]>oured  into  this  Holution,  sul- 
pbnrous  acid  ia  disengaged  with  eCTervesceucc,  ami  if  thcso 
kddf  be  added  in  sufficient  quaiitit)',  a  portion  of  sulphur  is 
Itredpitamt. 
M  When  the  solution  is  expowd  to  the  air,  erystala  of  liypo- 
Bulphile  of  iron  are  fonned,  iind  at  tlicrsmnc  time  a  red  powder 
vt  dt'ptnited,  protuibly  coiiHi^tin^  of  perh^jmsii/ii/iile  of  iron  with 
txeom  of  baM.  'I1ie  crvKtals  ilissolTul  tn  water  and  exposed 
to  the  air  ikre  Efnutually  cont'erced  into  sulphate  of  iron.f 

fi.  IlyfMMitft/iile  of  iron.  Mr.  Jlerschell  has  ascertained  that 
lUi  salt  ia  fomieti  when  carbonate  of  iron  is  dissolved  in  sul- 

Pphnrous  acid,  and  the  liquid  boiled  over  tiowcrs  of  sulphur. 
Ita  taste  is  strongly  femiginous.  It  does  not  crystallize,  but 
yichU  a  glutinous  mass  of  a  dirty  white  colour  nut  unlike  gla- 
aier")!  pulty.t 

6.  Hjf/MMmlptuite  of  iron.  Thin  salt  is  obtained  when  hypo« 
ralpbat«  ori>aryti»  andi^ulphnteof  iron  are  mixed  in  tlie  requi- 
site proportiiint.  Tlie  fiiicrcd  li(]ui<l  is  to  he  exposed  in  a 
wnrni  pluvc  ti>  Kpoiitaiit'uii]*  evuponiUon.  CrystaU  are  ubtiuiicd 
in  oblique  rhombic  prtHniK,  liavin^  the  colour  and  taste  of  sul- 
phate of  iron.  When  exposed  to  the  air  they  become  brown 
OB  the  Hirlaee,  but  undergo  no  farther  alteration.  It  dissolves 
rtndily  in  water,  but  not  in  alcohol.  Its  ooustitucats,  aceord- 
io^  to  the  analysis  of  llcercn,  are 

bl  atom  h y posit t)ih uric  acid         .         0 
I  uunn  protoxide  of  iron   .         .         4'& 
5  atoms  water  .        .         .         5*625 

19-125§ 

7.  S'iirate  of  iron.  This  salt  was  first  formed  by  Davy,  It 
may  be  obtained  by  <lu«olvi])g  iron  in  dilute  nitric  aci<l  till  it 
nfoMt*  to  lake  up  any  more,  tidtin^r  eare  that  tlie  temperature 
of  th«  liquid  do<>s  not  become  elevated.     The  solution  is  at 

■  Ann.  de  Cliim.  U.  5H.  +  Foiircroy,  »i.  SOO. 

t  Edin.  PhiliM.  JotiT.  i.ii.         i  Pi^cncfivra  Annslcn,  rii.  1H). 
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^^^  fcK  brovn  and  ofaqae,  mrb^  to  the  dentoziife  of  asote  wiA 
vUck  h  B  nqwc^mud,  but  it  pmdmlly  aasmnea  a  green 
eoloor,  wiik  a  «i%fat  skade  of  vellov.  It  may  be  ocMicentntal 
IB  tke  nevHM  of  an  ur-punip  orer  mlplmric  acid.  It  depiK 
BtespRttTK^BlaraTStalsafnitiateofiroii.  Tliey  are  obUqoe 
ifai^ac  ptivH,  HanaparpDt,  and  hare  a  light  green  colov- 
TWae  oystak  redden  T^etaUe  blaes,  their  taste  ia  sweet  aad 
aawiagwit  They  dinolre  readily  in  water.  When  heatd 
An*  larh.  water  and  nitric  acid  are  erolred,  and  the  iron  per^ 
imdited.  1^  constitiients  of  this  salt,  by  ray  analyais,  are 
1    atom  nitric  acid  6*75 

I    atom  protoxide  of  iron  4-5 

7^  atons  water  8-4375 


19-6875 
This  salt  cannot  be  preferred,  the  inm  is  gradually  perozidiied, 
and  the  crystals  deliquesce. 

a.  CUorale  of  irxm.  As  br  as  we  know  at  present  thb  nit 
does  not  exist.  CMoric  add  dissolves  iron  with  great  r^iditf 
withoat  the  erit^utiMi  of  any  gas.  The  iron  very  qiee^ 
pawtA  to  the  red  oxide  at  tfae  expense  of  the  chloric  acid  i/taA, 
it  decampoees.  >\lien  a  current  of  dilorine  gas  is  paasol 
through  water,  baring  the  red  oxide  of  iron  diffused  throng  i^ 
the  oxide  is  dismlred,  but  the  compound  formed  appears  to  be 
merely  a  compound  of  chlorine  and  red  oxide  of  iron,  or  * 
diloride  of  the  red  oxide.* 

9.  CarbomtOe  of  irrm.  Liquid  carbonic  acid,  when  kept  in 
contact  with  iron,  attacks  it  slowly,  and  dissolres  a  sufficient 
quantity  of  it  to  acquire  a  sensibly  cJtalybeate  taste.  Whea 
exposed  to  the  air,  the  iron  is  gradually  precipitated  in  ^ 
state  of  oxide,f  and  by  boiling  it  is  deposited  in  the  £om  ti 
a  yellow  ochre,  still  retaining  a  portion  of  add.  This  catb<h 
nate  often  exists  native  in  mineral  waters.  It  may  be  obtained 
also  bv  precipitating  the  sulphate  of  iron  by  means  of  an  alkfr 
line  carbonate.  lu  that  case  it  is  always  in  the  fiirra  of  a  greea 
mas,  or  hrdrate,  which  gradually  be<^mes  black  if  the  contact 
of  air  be  excluded. 

This  salt  exists  native  in  great  abundance,  though  rarely  in 
a  state  of  purity.  What  b  railed  inm-stane,  or  day  iron  stone, 
from  which  almost  all  the  immense  quantity  of  iron  manu&e- 
tured  in  thb  country  b  smelted,  and  which  occurs  in  beds  aiui 

•  Vauquelin,  Aon.  de  Chim.  xcv.  ISl.  f  Bergman,  L  I3S. 
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,ed  moMes  iu  Uie  coal  formutioii,  m  nothing  else  thnn  a    a«<.xvL 
'iMiMitc  of  iron  intermixod  witii  more  or  less  cUy,  coiil,  ami " 
umptimm  ltin<'Mt«ii(^.     Tin-  piirc  raibonnte  of  iron  occure  occa- 
Bionally  cryHtiiliizt-d  in  mini>ral  veins.     It  is  found  in  Cornwall) 
sccom|>imyin)r  copppr  ore,  and  in  the  county  of  Durham  ao- 
eomjiuiiying  galena.     It  is  often  in  crystals  &■"'  tlu-  xliiipi'  of 
■be  crystals  approaches  very  near  to  tliut  of  calvsreou*  spar,  un 
bbtuse  rhomboid ;  ia  which  Uic  contiinious  fiices  at  the  summit 
Iniake  angles  uf  107°  instead  of  105°  5',  which  'vt  their  inclitia- 
tioti  in  calcareous  $]>[ir.     The  crystals  are  sometimrs  octahe- 
drons, Slid  Homftimes  six-sided  prisms.     The  culoiir  is  often 
wliite,  witii  a  sluidc  of  yellow  or  brown,  and  sometimes  almost 
black.    Its  Eperiik  gravity  is  about  3*8.    Its  constituents,  when 
pure,  an* 

1  ntom  carbonic  acid  .         .         3*75 

■  1  atom  protoxide  of  iron     .         .         4-5 

T  But  it  often  coutaintt  n  little  carbonate  of  lime,  carbonate  of 
Manganese,  or  carbonate  <if  rniigncHiH ;  and  it  occuth  united  with 
utie  or  more  of  tliest-  suits  in  cliemii'iit  combination.  It  consti- 
tutrH  iin  exceilent  medicine.  Hut  the  imrhnnatt  ofirott  of  the 
Fluinwieopwia  coiitains  vcrj-  little  true  carbonate.  It  ta  chiefly 
a  hydrated  peroxide  of  iron ;  not  possessed  of  nearly  so  much 

Efficacy  as  the  carbonate  does. 
10,  PhospUatt  "f  irot\.     Phosphoric  acid  has  hut  little  action 
pon  iron.     However,  if  that  metal  remain  exposed  to  the 
von  tact  of  phosphoric  acid,  or  even  to  the  solutions  of  sails  which 
contain  that  acid,  it  i«  giTidiudly  oxidi/.itl,  and  coiiveitod  into 
phosphate  of  iron.     M'lu'n  pho<<phutf  of  soda  is  mixed  with 
.fulphate  of  iron,  n  white  precipitate  fniU  which  i#  bulky,  luid 
P^nxisiH  of  jihoNpliate  of  iron.     It  npi-edily  becomes  gray,  and 
when  mished  with  wnter  it  becomes  grt'onish-blue,  owing  vi\>- 
nously  to  the  gnulnal  peroxidizement  of  the  iron.      So  that 
Ifiie  artifleial  phosphate  of  iron  can  scureely  be  renilered  fit  for 
examination.      But  from  the  phenomenii  connected  uHth  its 
j)r<-ctpitatiou,  there  is  reason  to  conclude  tluit  it  is  a  neutral 
phate  composed  of 

1  atom  phosphoric  acid  .         .         4'5 

I  atom  protoxide  of  iron         .         .         4*5 

k  3M(dKTe  are  tliree  sp«cie«  of  pliosphate  of  iron  which  occur 
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"«■'■     native,  and  have  been  subjected  to  ezBuniiittioi).  These  are 

(I.)  Hydrated  phosphate  of  iron  composed  <tf  ' 

1  atom  phosphate  of  iron  ,         .  9 

3  atoms  water  .        .  3475 


MlttTtl 


12-375 
(2.)  Hydnted  subsesquiphosphate  composed  of 
1    atom  phosphoric  acid  .         .  4*^ 

1^  atom  protoxide  of  iron         .         .  G-IS 

^  atoms  water  .         .  2-8125 


14^0625 

(a)  Hydrated  diphosphate  of  iron  composed  of 

1  atom  phosphoric  acid  .         .  4*5 

2  atoms  protoxide  of  iron         .         .  8 

4  atoms  water  .         .  4*5 

180 

11.  utrseniate  of  iron.  When  arseniate  of  potash  is  itofl 
into  a  solution  of  sulphate  of  iron,  a  white  precipitate  hiii 
which  is  arseniate  of  iron.  It  is  tasteless  and  insoluble  in  water, 
but  easily  soluble  in  nitric  and  muriatic  acid.  It  has  not  been 
subjected  to  analysis;  but  there  are  three  species  of  arseniate* 
of  iron,  which  occur  native  exactly  similar  in  their  constitntitHi 
to  the  analogous  phosphates  of  iron.     These  are 

( I.)  Hydrous  arseniate,  composed  of 

I  atom  arsenic  acid  .         .  7*25 

1  atom  protoxide  of  iron         .         .  4*5 

2  atoms  water  .        .  2*25 


(2.)  Hydrous  subsesquiarseniate  competed  of 
1    atom  arsenic  acid 
Ig  atom  protoxide  of  iron 
3    atoms  water 


(3)  Hydrous  diarseniate  composed  of 

1  atom  arsenic  acid 

2  atoms  protoxide  of  iron 
6  atoms  water 


14 

7-25 

6-75 

3*876 

17*375 

7-25 

9 

6-75 

23 
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IS.  Borate  of  iron,  Roracic  acid  acts  very  feoM)' upon  iron :  cnt-xvi 
but  borate  of  iron  may  be  obtiiinrd  very  ifudtly  by  poiirin|r 
litjuid  borate  of  itoda  into  a  solution  of  sulphate  of  iron.  A 
|XiI(!  yellow  powilor  ininieclialely  prcapitat«H,  wliicb  is  tlie 
salt  required.  Tliis  sail  is  in.itiluble  in  water.  Before  the  blow- 
_  pipe  it  inelts  readily  into  a  ^^lobult^  of  glii^.* 
I  1.1  Silicate  tff  iron.  The  brouii  coloured  hard  oln^  from 
the  uneltJnf;  of  eopjior  ore,  is  cit!i«  u  wliaite  or  bisiHcate  of 

tiron,  according  to  cireuntHtancoH.  Tlirrc  occur  native  no  fewer 
than  six  speciea  of  ftilicated  iron  minerals.  I  merely  give  the 
ruuneA  of  tliMe  minemla  in  this  place,  reseri-iiig  tbe  di'^icrtption 
tif  tliem  for  a  siitKto^uciit  work  wliicli  1  intend  to  publisii  on 
inineralo^  and  gfoli^-. 

(1)  HydrouN  dinilicutc  composed  of 
'  '        1  atom  silica  .         .  3 

3  titonts  protoxide  of  iron       .         .  9*0 

1  atom  \vator  .         *  1*135 


XltlTf  III*. 
Ulf. 


13-h25 

(3.)  Ctiamoitiite  or  bihydrated  disiltcate  composed  of 
1  atom  silica  .         .  3 

3  alomii  protoxide  of  iron       .        .  B 

3  atoms  water  .         .  3-36 


r 

(8.)  Aiihydrnuti  silicate  compose*)  of 
1  atom  Mlkn                           . 
1  atom  protoxide  of  Iron 

(4.)  Hydrotis  silicate  composed  of 
1  atom  silica                        .        . 
1  atom  protoxide  of  iron        .         • 
1  atom  water                         .         • 

F 

l»35 

3 
4-5 

6-5 

3 

4'd 

1-135 

7-635 

(5.)  Hedenber^te  or  bibydrsted  tcr«ilicate  composed  of 
3  atoms  dlica  .         .  6 

I  atom  protoxide  of  iron      .         .  4'5 

3  atoms  water  .  3-33 


13-75 
■  Schccle,  CreU'i  Aonals,  i.  1 14.  Ei^.  Tmiu. 
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(<i.)  Cbloropal  campoBed  of 

8    nt»n»  fiVicn  .  .  6 

I    atom  protoxide  of  iron  •  ■  4*5 

2(  atomti  water  .  .  S-dl^ 


14.  Selenite  of  iron,  Seleiilous  acid  scarcely  dissolves  trca; 
but  the  RiU  may  be  formod  by  mLxing  sohitions  of  a  protMill 
of  iron  and  an  alluiliito  sclcnltc.  It  precipitates  in  tbe  form  of 
a  while  matter  which  gradually  becomes  y4>llow  as  tlie  air  Mte 
iipoi)  it.  \Vh<.'n  tnitriiitic  ucid  \»  jioiircd  on  it,  and  facHt  applied, 
the  ai'id  w  dfcompo)ii.>d  iitid  srU-nium  di»eng»gt>d. 

15.  Bisrhnite  of  iron  is  formal  when  tin-  preceding  saltii 
diftMolTei)  in  scieniuus  acid,  or  when  u  ])rut<isa1t  cif  iron  ia  railed 
with  HI)  alkaline  biselenitc.  It  is  but  little  soluble  atidgndu- 
klly  falls  down.  When  a  solution  contfiinin^  it  h  heated,  lUi 
salt  is  decomposed,  and  a  brown  precipitate  falls. 

16.  Attiimoniate  tffirtm.  Antiniontate  of  potash  precipttalci 
iron  perfectly  white,  and  Ihe  aotimoniate  of  iron  preserve*  iU 
white  colour  as  long  wi  it  in  under  water.  Itut  when  dried  in 
the  open  air  Jt  becomes  yellowi.'ili'gTay.  When  heated  it^m 
out  water  and  becomes  red.  Before  the  blow-pipe  on  charcoal 
it  is  rcduci'd,  the  antimony  is  volatilized,  and  tlic  iron  renuiiiu 
obedient  to  tlte  majfnet,' 

17.  CAromate  tifiron.  This  salt  does  not  exist.  The  pro- 
toxide of  iron  htts  the  property  of  absorbing  nxj'gen  from  dm* 
micactd,  and  of  being  converted  into  peroxide,  while  the  chr^ 
mic  acid  is  reduced  to  tlie  stale  of  green  oxide. 

18.  Titaniate  of  iron.  Though  we  are  not  acquainted  witb 
any  good  mi-llioil  of  combining  titanic  acid  with  protoxide  of 
iron,  yet  several  combiuutioiis  occur  tiutive,  which  must  be 
considered  as  titaniated  salts  of  iron.  Of  these  I  shall  n)erel|f 
give  the  iiaiiies  in  this  place. 

(1.)  Menachanitc  or  titaniate  of  iron,  coiapose<l  of 
1  atom  titanic  acid  .         .         6-S5 

t  atom  protoxide  of  iron  .         4-5 

9-75 

(S.)  Nigrin  or  qiiatertitiuiiatc  of  iron,  composed  of 
4  atoms  titanic  acid  .         .       91 

]  Atom  protoxide  of  iron  .         4'S 

25-5 

•  Borwliuii,  Nichol«in'»  Journal.  \\\r.  48. 
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(9.)  Iserine  or  tftrutiumbtc  of  iron,  coroposet 

lof 
5-25 

SM-KVl. 

1  atom  tiuinic  acid 

4  atoms  protoxUlc  of  iron 

18 

23^ 

(4.)  TituiiiremtK  iron  ore  composed  of 
1  iitom  tibmic  aciil 

5-25 

r          8  atoms  protoxide  of  iron 

HG- 

41-25 

19.  Cotmnbate  of  iron.  It  appears  from  tho  aiialysi«  of  Bcr- 
xclius  tliat  tlic  taiitalite  of  KimVto,  if  we  alwtmvt  u  little  lime, 
Biuigan«fle,  silica,  and  tin,  U  i;»inp(K!ii.Nl  of  onn  atom  of  volunibic 
nctd  united  to  an  atom  of  prototidc  of  iron. 

20,  Oralalf  of  trim.    Tills  wit  may  \k  oiitained  by  pouring 
_      ilk  aoid  or  oxalatv  of  ammonia  into  n  solution  of  Btilpfaste  oi 
"iron.     It  in«lnntly  fulls  in  the  stale  of  a  beautiful  yellow  pow- 
der.    Wlicii  hcitted  moderately  on  the  kuhI-IkiiIi  it  f^ve*  out 
water  and  becomca  brown.    Soon  after  it  catches  fire  and  barns 

Hlike  tutder.     Its  oonstitDents,  by  my  analysis,  arc 
K^  I  atom  oxalic  acid  4-i> 

^V  1  atom  protoxide  of  iron  4*5 

^^^^^L        2  atoms  waur  '2-25 

^K^  11-25 

^^^1.  Acetate  of  iron.  This  salt  was  fii«l  described  by  Davy. 
It  may  be  formed  by  diwolviiig  iron  or  its  •lulpliiirct  in  aci-tic 
aoid.  The  solution  is  light  green  and  transparent,  tmd  crys- 
tallucea  in  prisms.  When  we  attempt  to  Rlter  the  solution  it 
nbsorb«  oxygen  witli  great  rapidity  and  becomes  black  and 
opaque.  When  concent mt4.'(l  in  Uie  \-ncuunt  of  an  air-|uimp 
over  sulpburic  acid,  it  is  obtained  in  a  librotis  stjite  and  of  a 
rer)-  light  green  colour,  almost  white.  Its  ta«te  is  sn-eetf 
■atriiigeni  and  acid,  and  it  reddens  vegctaMe  blucH.  It  du»- 
aotres  readily  in  water,  and  the  solution  becomes  imme<liately 
[tark-coloured.  Tbe  constituents  of  this  salt,  according  to  my 
analj-sis,  are : 

1  atom  acetic  sci^l  .         .         6-28 

1  atom  protoxide  of  iron  .         4-5 

3  atoms  water        .         .         .        3-375 

14155 
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"^'-        Doubtless  the  crystak  contun  more  water  litMU  Ute  fibmii 
salt,  vfiich  alone  I  subjected  to  analyBis. 

2^  Lnctate  of  iron.  Lactic  acid  dintdves  iroa  with  npidi^ 
when  assisted  by  heat.  The  solution,  when  left  to  itae^  leli 
£ill  a  great  number  of  small  crystals  in  the  shape  of  fine  fiw^ 
sided  needles.  This  salt  is  not  altered  by  exposure  to  t^  v. 
It  is  scarcely  soluble  in  watery  and  contains  hanUy  any  wtfff 
of  cn-stollization.  When  held  to  the  flame  oF  a  cuidle  it  dm 
not  melt,  but  bums  with  flame,  and  leaves  perooide  of  ino. 
Its  colour  is  at  first  white;  but  when  two  or  three  times  t»- 
solved  in  water  it  is  divided  into  two  subspecies;  the  fa^ 
which  has  a  brown  colour,  is  stduUe  in  water  and  cryatsUiRi 
with  difficulty.  The  other,  which  contains  an  excen  of  oxile, 
is  white.* 

23.  Foraudi  ^  inm.  Fonoic  add  disBoIves  the  hydatid 
protoxide  of  iron.  The  solution  is  colourless,  but  soon  beeows 
covered  with  a  crust  having  the  metallic  lustre.  When  heatad 
protoxide  of  iron  is  preciptlated,  and  formic  acid  remaina  is 
solution.  It  would  appear  from  this  that  the  salt  cannot  k 
procured  in  a  solid  state,  f 

24.  Tartrate  of  iroH.  This  salt  is  easily  obtained  by  mixiflg ' 
lather  concentrated  solutions  of  sulphate  of  iron  and  tartnte  cf 
potash  in  the  atomic  proportions.  In  24  hoora,  the  tartrate  df 
iron  will  be  found  encrusting  the  bottom  and  sides  of  the  (fiib. 
It  is  in  transparent  but  very  insular  crystals.  They  are  solid) 
not  altered  by  exposure  to  the  air,  and  having  an  inky  hot 
weak  taste.     Its  constituents,  by  my  analyms,  are  as  follows: 

1  atom  tartaric  add         .        .         8-25 

1  atom  protoxide  of  irmi         .         4'A 

2  atoms  water  .  2-25 

15 

25.  finale  of  iron.  This  add  dissolves  iron  with  the  evih 
lution  of  hydrogen  gas,  and  when  the  solution  is  coneenttated 
it  deposites  small  white  needles,  soluble  with  difficulty  in  water 
und  which  speedily  absorb  oxygen  firom  the  atmo^here.{ 

2(i.  Citrate  of  iron.  This  salt  may  be  obtained  by  dissolvinf 
iron  filings  in  a  solution  of  citric  acid  till  the  add  is  saturatedi 
taking  care  that  air  is  excluded  from  the  liquid  during  the  so- 
lution. The  solution  is  nearly  colourless  and  deposites  a  white 
pon-der  on  standing,  which  is  dtrate  of  iron.    It  has  an  astrin- 

■  firaconnat.  Add.  de  Chim.  Ixxxri.  M.        f  OJ'bel.        \  Wakfanv. 
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gent  Olid  Bwe«t  0»t«»;  ditwolres  readily  iii  water;  but  i»  inoo-   »»«*■*'"■ 
ltil>l«  in  Bicflhol    WlwMi  exposed  to  die  «if  it  spewlily  nttraets 
oxyK^it.  "nd  bcMinra  firat  yellow  and  llien  olive-green,  be'mg 
cwnvvrted  into  iH-rcilralc. 

27.  Malate  of  irvn.     Muliv  iicid  rorniii  witJi  iron  n  brown  fl 

rution,  which  <loc«  not  yWld  cryMab.*  I 

Si&  MtKatt  (j/*  iroiB.     Miicic  uoid  Aom  not  precipitate  iron  ■ 

mtm  Bulptiiini-  iicid.f  I 

29.  I'j/rtnuucatt  rjf  iron,    Pyromucic  nctddiuolvcftiron  witfa  H 

tlie  evolution  of  hydrogen  gati  and  it  suit  is  formed  which  db-  H 

Bcrfves  readily  In  wftter.f  ■ 

SO,  SumnaU  of  iron.    Succinic  tidd  diMolvm  tli«  protoxide  ^ 

of  iron,  and  yii;ld«  by  evaporation  •mall  brown  trniBiwrent  ■ 

radiated  cryXalik}  I 

31.   Brnzotttt  {^  irm.     Yellowish  cryataLs  cfRureacing  in  llw  I 

air  itnd  Hultible  in  wiiier  luid  itlculiol.     Benzoate  of  amnKuvia  I 

doe)  not  pn-cipitate  the  protoxide  of  iron,  ^ 

82.  Galiate  tjf  iron.  Mr,  Prousl  firrt  observed,  tlial  th« 
gallic  iwid  doM  not  occasion  any  precipitate  when  poured  into 
Mtlt*  of  iron  contaiiiiiig  ibat  inelnl  iu  the  state  of  protoxide. 
Hrnice  it  follows  tint  tiie  gslluta  of  iro«,  if  it  be  formed  in 
thftt  esMs,  in  very  suluble  in  vntU:r  and  without  colour. 

8S.  Botftale  of  iron.  Boletic  add  (li^ioIvuK  iron  with  tfao 
«volation  of  hydrogen  gax,  and  the  iwlutiou  hm  a  yellow  colour, 
TIm  «it  has  not  yet  been  obtaiiHid  in  a  tolid  «tata, 

94.  Suderale  ijf  iron.  Suberic  ncid  and  aubetatc  of  ammonia 
pMdpitate  sulphalc  of  iron  whit<?.  The  precipitate  when  heated 

and  by  increasing  the  tempcnitura  the  &alt  ia  destroyed.  ]| 

95.  Pinate  o^  iron.     This  salt  at  tlie  temperature  of  boiling 
ler  is  in  the  state  of  a  powder.    It  is  coIourle«s  at  6nit ;  hut 

by  exposure  to  tlie  air  becomes  dark  brown,  owing  to  the 
absorptioD  of  oxygen.^ 

tm.  Silrdt  nf  iron  Sa  insolubU-  ill  alcohol,  but  disnolves  in 
cilter,  ■mI  when  th«  Solution  is  expuwed  to  ibe  air  it  ipeedlly 
kaaanM  brown  by  ihe  al>w>qUi»n  of  oxygen,** 

87,  &iiphurinitb\  if  iron.  i}ul|>ho\'iiuc  add  tUsBoIres  iron 
vitk  llw  tnrolution  of  hydrogen  gaa.  Tlte  solution  is  coUwrleM, 
has  a  swMd  tuKbtt  bimI  U  not  precipitated  by  chi«ride  of  barium. 

»■  Scbcel*,  CnU't  Annuls,  IL.  10.    Hng,  Tniw.         t  Sdiede.  ii.  60. 
{  LiUllardicre.      $  Wcotct'i  VerwanilUcliaA,  |>.  210.  OrindeTM  Edb. 
I  Brandw,  Scbwd^frpr's  Jour,  xxxiii.  tot. 
^  Unveriorbcn,  PuKsniilurr'*  Aawtieu,  ki.  890. 
,  ••  Unverdotbca.  ibid.  p.  *tn. 
Ji.  2  r 


<XT6E9  M3D  SALTS. 

_  Br  ovmuaa  wv  ottoia  reUo«--eokKcred  feor-dded  priav, 
WTUca  an  tctt  ntabfet  is  wxur  aad  in  sImIk^  Wlim  tWtr 
oy^aiitve  cxpaMiit»d«  in  riirr  ilVm  im,  aDdiDafevikji 

^.  ><NaA.-«^MtcWb*  o^  VOL  Iroo  dissolm  in  stilpb)- 
TBco-'TtaiV  «ai  vtdi  c^  evutaUMi  of  bTidragm  gas,  Protoiide 
•jc  =<«.  jA^  <dll  iHec.  dkMriTM  in  tLe  add  and  fom  a 
zipiiml  WI-2T3CC  arab>  cf  crrftallizin^.  By  ezposore  to  tbe 
XT  h  iimmij  anjKm  axtk«i-  t 

<zcT7oy  vnt. — SAi're  of  fuoxibe  or  iBon. 
I  T^e  Kw«(c«  joihnMi  «>  A«e  «1ib  Iim  nsnaUy  a  reddU 
«r  Tctjffv»a  rcitxir.  TLvy  faarv  a  swvetailif  astria^a^  and 
T1OT  aaiTM  3Ke.  The  ^rvucr  number  of  them  are  iocqaUt 
«c  tryiaUMiat.  la  tvacnl  tber  an  sohible  in  aleohoL  TV; 
Kv  rtvxviaxed  of  a  T«ry  dark  blae.  afaaon  blac^  by  pnaarii 
M  poorc.  Tbetr  ocber  cfaaractm  cwiapoad  witb  tbow  gina 
w  lar  rtvcualB  of  iron. 

I.  StaqMut^kiOtd  ptmridf  of  inm.  Wbensolpbateofina 
» t«ero>x)£icd  br  nwans  of  nitric  acid  and  caatioudv  coaco^ 
sated  till  tb«  wboI«  nitric  acid  b  driven  oS  we  obtain  ■  ltd 
cvttO«n<d  Baiter,  vbicb  disBohvs  only  partially  in  water.  He 
i!i«v}Tvd  ponioD  bas  ■  red  eoloor  with  a  tint  of  yelloa-, — Ik 
a»se  if  Kcii!cn>t  and  rerr  barsh.  "Wben  eTaporated  to  dry* 
r.ew  :t  <r«ed!!T  ahtorbs  raMstnre  and  d^qoesces  into  a  Uqnid. 
Akviol  (SssijItw  it  readily.  It  stroi^ly  reddens  Tc^fi^ 
Maes.  ^Mien  ttronely  beated  so  as  to  drire  off  all  the  wvler 
it  Ke«icfne9  vfaite.  Its  eonsdtnents,  by  my  analysis,  (abstraet- 
ii^  the  vateri  are: 

1|  atom  Hilphorie  acid  7*5 

1    atom  peroxide  of  iron  .         A 

12-5 
S.  T*trut^pkaltd  pemridt  t^  iron.  The  insolable  portiifl 
Temainin^  atier  the  salphaie  of  iron,  treated  as  deaoribed 
while  erring  an  accooni  of  the  formation  of  the  last  sal^  Km 
been  vashetl  in  water,  is  a  red-coloured  powder,  destitiile  of 
taste,  and  insoluble  in  water.  Wben  beated  to  rednesi^  it 
ipvet  out  water,  and  assumes  a  brownish-red  colour.  Bya 
stnra^r  heat,  the  sulphuric  acid  is  driren  off.  When  the 
MM]ui$uIpbated  peroxide  of  iron  is  mixed  nith  ■""»">"«»  in  toe 

•  VofTl.  Gilben'*  Annalcn,  buil  M. 

t  FanJar,  .inaal*  of  PhikMOfAT  (Sd  lerica).  siL  ttO. 
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■Dull  ft  proporttoQ  to  decompose  it  completely,  the  same  inso-  f*^  "^i- 

Inblo  salt  is  thrown  down.    Tlie  conxtitticnts  of  it,  when  dried 

fa  the  Dp«n  nir.  arc,  according  to  the  analysis  of  BeizeUuiit 

^  I  atom  sulphuric  iicld  S 

^L  4  atoms  peroxide  of  iron  30  ■ 

^^B  6  atoms  wnt^r     .  6-75  I 

^:  31-75  ■ 

I  3.  Stsquinitrattd  peroxide  of  irtm.    Tbi»  salt  was  first  foniwd  " 

mg  Vauquclin,  who  ohtaiaed  it  hy  lea>'in)!;  nitric  add  long  in 
contact  will)  black  oxide  of  iron.     It  crystallinos,  and  the  crys-  ^ 

tela  form  spontaneously  when  a  bar  of  iron  in  placed  into  a  H 

■ws  containing  moderately  strong  iillric  ncid,  ao  ta  to  be  only  H 

^rtly  under  the  surface  of  thi^  aciiL      I  Iiavu  obtaine<i  cryMtaU  ■ 

iu  this  way.  portly  in  flat,  coluurlciM  rbombniiis,  and  partly  in  ^ 

prisms,  with  s()uur<;  1mimc«.     'Vhv  pHums  arc  some- 
six  and  sometime!)  ei|fhl-Hidcd,  from  two  or  uU  the  hilcml 
.  of  the  prtmnii  beinff  replaced  by  tangent  planes.     The 
laatriiigcnt  and  acid,  and  tlie  salt  poweri^uUy  reddens 
l>le  blues.    The  crystals  deliquesce  rapidly  when  exposed 
air,  into  a  reddidi-brown  liquid.     When  healed,  they 
I  a  deep,  yellowish-re4l  coloured  liquid.      The  oonstitu- 
lU  of  these  crystals,  by  my  analj'us,  are 

Ij  atom  nitric  acid  10-125 

1    atom  peroxide  of  iron  5 

8    atoms  water  .         9 


S4-I25 

Octakmitrate  of  fieroTt'de  of  iron.     When  nitric  acid  b 

Mted  over  hydrated  peroxide  of  iron,  till  it  refuse  to  dissolve 

ly   more,  and  afterwards  diluted  and  rawed  to  the  boiling 

emperature,  a  brown,  tasteless  pon-der  falls,  which  constitutes 

'bii  octakinit rated  peroxide.     It  U  nliKhtly  soluble,  iicconling  ^o 

Berzelius,  in  pure  water.     Itfi  const itiicn Its  according  lo  th« 

Ktmiyttu  of  Grouvellc,  arc  ttn  follows : 

1  atom  nitric  add        .         ,         6*75 
6  atoms  peroxide  of  iron  40 

9  atoms  water    .         .         .         295 


49' 
%o*phaUd  peroxide  (if  iron.     When  a  mtiirntrd  solution 

*  Ann.  de  Chim.  el  ik  niys.  xit.  IS*). 


oxTGSx  Man  ual'wb. 


•r  phoiplato  rf 
r,  »l  lAer  bat^dOtttad  wkkmgiM 

vhaaei  rcTKxidr  faik  a  t^  tea  of  a  wUte  ^omier,  tMteloi^ 
ia£  «a»eiT  seiiMe  bw^ec,  Wi  iligklty  aoMife  in  nitxie  « 
■^  It  mjnm  1500  dnwB  ift  wcigkt  of  witer  to 
It  »  aud  sko  to  be  st^Bblc  in  an  aqaeoiu  solntini 
It  K  obrioQS  froiB  tbe  experimenlB  of  BertliicT, 
MkMMi  W  tlik  oh  are 
I  atam  phwpfcoric  aeU  4-5 

I  m^  pawadt.  of  ill  A 


I  kad  t«  (be  mdariHi,  tfa*  when  diM  h  *■ 

/KTon*  «<  wm    Wboa  tke  pwaihg 

■  f«tic  pwtk  by,  it  Mi^waa  deqt,  hwwa- 

Tke  ■««■  nh  dns  ftnood  ia  tasteloB,  tai 

WlMn   baued  l«  ndaem,  tbe  coinr 

I  kimi  tbe  cmadtuenta  «f  Am  niaH 

itbtdfcnatr 

Pbtapboricadd  4<ft 

Peroxide  «tf^«a  ia>IB 

Waiw      ....  »M 

I  am  Aspmed  fron  tbis  to  mndafc,  tbat  the  tout  oonBtitalioB 
ot  dw  salt  ii 

1  alMa  pboqiborie  acid  4-d 

fi  atttas  peroxide  (^  iron   .        10 
Satantwater  8-375 


17-87* 
7.  .bmmiakU  pmaidt  ^  inm.     This  ndt  may  be  ftrmA 
by  iiiidiiai|  ibe  neotial  aneniate  of  iian,  by  bating  it  m  mUJb 
acid.     It  ia  ibea  to  be  enqporatod  to  dryma,  «r  picdplriri 
bv  amnonia.     It  is  not  ndalde  n  a  Mfauioii  of  aamoiiifc- 

"a.  Se»ymar»mated  peraride  t^  irmt.  1^  aw^nichloride  (f 
inm  gives  with  aneoiate  of  soda  a  -wUte  preeq>ikte.  Wbeo 
boated,  it  loon  its  water,  aad  beoram  icd.  When  heatad  to 
Tvdness.  it  pbespboresces  a  little,  and  becomes  yeUov,  U 
fray  be  obtained  alto  by  mixing  nitrated  peroxide  of  irco  viA 
an  ezcvw  of  anraiate  «f  aoda.    Wben  dry,  it  baa  a  buff  •oltDi 

•  Jaw.  lie  HiM^uiL  4I& 


Sim  Of  PSHOXIDK  OP  IRON. 


-%idi  a  oonohoubil  fracture.  Whon  poandvil,  it  hw  a  fine 
orange  colour.  Taatolcss.  rcddciu  ves^tuklo  hlavn.  DtsMlnM 
readily  in  Htranfc  miiriiitic  acid,  and  the  solution  is  red.  Dlit- 
■olvcc  ul<H>  ill  nitric  and  itulphuric  acid.  Its  con§tituenls,  t'ntta 
the  atalym  of  Cbviicvtx  *  and  Benwlius,  would  appear  to  Iw 

klj  Dtom  areanic  acid        .         10*875 
1    atom  peroxide  of  iron  & 

•ti  v»  8    atoms  water       .         .  3-375 

10-'i5t 
SubarMiutUed  peroxide  of  iron.     Wliun  vithi-r  of  the  two 
pwoediRi^  Bulla  is  treated  wvh  ad  excess  of  potash,  it  is  cou- 
vrtml  into  a  brown-cotoured  matter,  like  kydratcd  peroxide  of 
Iron.     It  is  insoluble  Id  ammoDia,  and  though  boilrd  with  pot- 
ash, lo»es  no  more  acid.     Iia  LiiiiMlituentat  according  to  tho 
ysis  of  Beraeliin,  are  as  follotni  t 

1  atom  arsenic  acid  .  7*35 

10  aloiiL<i  iH^ntxide  of  irou  HO'OO 

13  Rtouia  wat«r         .         .         18-dO 


100-76 
lO.  Jioratttl  peroxide  of  iron.     A  yellowish  powder,  not 
'  aolublc  in  WDtiT.    \\'lieD  heated,  it  beoomea  brown,  and  finally 
owlls  into  a  glass. 
^m      II.  Biailicaied peroxtde  t^ iron.     Dnry  observed,  that  tho 
0  ocbro  depoiiled  from  the  mineral  water  itt  Lucca,  h'  a  com- 
pound of  4  parts  by  weight  of  peroxide  of  iron,  mid  tJiree  |iarts 
C.     This  is  nearly 
8  atoms  silica  .        .        4 


9 


n  Mfflllar  compound  of  silica  and  peroxide  of  iron  in 
of  the  Leamington  mineral  wateiv,  but  only  in  small 
qiuuiliiy. 

Il  would  not  be  stirprislnijr  if  tom«  of  tlit  j/eUttw  ochrtt 

ahould  prove  ijmitar  compounds  of  siliui  and  peroxide  of  iron. 

12.  Si^qHiMtrrnkd  peroxide  of  iron  m  ewuly  obtaiiieil  by 

tlroppii'tiC  an  alkaline  sclonile  into  a  persalt  of  iron.      It  is  a 

while  powder,  which  becumos  yellowisb  on  being  dried.  V\'faen 

•  PhU.  Tni«».  Iftnl.  p.  883. 

t  Who)  ilriod  fHnplj  by  expoturc  to  tlie  aunotptiere,  I  Tound  in  ii  5 
BtoiD*  of  vatcr. 
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*^*-     bemud  h  gms  out  ilB  water  wm)  beeomes  red,  and  at  a  bigfa 
Ic^wraiDte  die  add  mar  liknrise  be  dwengaged. 

I^L  BueiatUid  penaide  ofinm.  Wlini  iron  n  dinc^Ted  in 
a  Mixtoie  of  selenioos  acid  and  nitro-mnrialic  arid  at  tk 
bofling  lempaamre,  taking  care  that  tbe  wbole  of  tke  nitric 
add  a  not  demnpoeed,  the  liquid  deposites  dorii^  its  ctx^iif 
a  salt  of  a  pistsdiio  green  colour  on  the  ndea  of  the  tcmcL 
This  salt,  vhicfa  is  insolable  in  water,  BcrzeUos  considcn  ■■ 
biselenited  peroxide  fit  iron. 

1-L  SmbtrlenUal  peroxide  *^  inm.  \\'lien  either  of  the  hra 
preceding  salts  isd^ested  in  ammonia,  a  portion  of  theadda 
se^nrated,  and  a  nteelnMlr  fonned,  which  passes  throi^  fle 
filter,  and  wliit^  may  be  deprired  of  its  add  by  tbe  aettoo  rf 
heat-*  According  to  BerzelinB,  it  is  composed  of  ^M«t 
SelenitMis  acid      .  52  or  7 

Peroxide  of  inn  .         48       6-5 

Ptobablr,  therefore,  the  tme  constitntiwi  may  be 
I    atom  selenioBS  acid  7 

ly  atom  peroxide  of  inm     .         6*66 


13-66 
Iju  -iHlimomiabd  penaiik  of  inm.     A  light  yellow,  im^ 
hie  powxler. 

li?>.  PfHtaehnmattd  peroridf  <^  iron.  When  nentral  mIb- 
tioBS  of  peroxide  of  iron  in  muriatic  add  and  chromate  (f 
potash  are  mix^t,  a  daih  reddish-farowii  predpitate  &lli  i> 
bn^  flocks.  \Mien  this  matter  is  washed  and  ignited,  it  la> 
a  brown  cwlour,  with  a  $hade  of  red,  is  tasteless,  and  insolnUc 
in  water.     Its  consdments,  by  my  analysis,  are 

I  atom  chrumic  add  .         6-5 

5  atoms  peroxide  of  iron    .       25 
9  atoms  water  .       10-125 


41-625 


1 7.  DieArvmutrd  pmride  tf  iron.  When  the  liquid  frcn 
which  the  piveeding  salt  fell  is  caotionsty  e^-apoiated  to  dry- 
no^i!^  and  the  rvsidue  mixed  with  water,  an  oiange-^oleiind 
l^wd^r  lemains.  which  b  sli^tly  soluble  in  water.  Whn 
this  matter  is  dried  in  the  <.^n  air,  aithout  the  applicatiui  of 
heat,  its  ntnstiluents,  by  my  anal^-sis,  are 

"*  Ik:ji^Ju<,  Aar..  d«  Chim.  cl  <tr  Phvi.  ii.  337. 


22126' 

Ifik  Mfiigbdaled  peroxidf- 1^  iron.     A  browo  powder.f 

10.  Oxalalcd  peroxidf  i^firtm  niny  be  obtained  by  dissolving 
red  oxide  of  iron  in  oxiilic  iic-id.  It  bus  ibe  form  of  a  yellow 
powder,  scarcely  soluble  in  water,  aiid  incapable  of  crystot- 
lizinfT^     It  ifl  slighlly  solubic  in  oxalic  acid.  ,,« 

SO.  Acftateei  jxrariiie  oj"  iron  lUity  be  obtaiited  either  by  dis- 
solving' bydrated  peroxide  uf  iron  in  ncetic  acid,  or  by  mixing 
to^tlicr  Holutious  of  aceut«  of  lead  aiul  snlphated  peroxide  in 
the  requisite  proportions  A  red-brown,  opaque  liquid  ia 
obtained  (almost  bl.ick),  liuviii^an  inky  Uutc,  reddening  vege- 
table blued,  and  inciipuble  of  yielding  crystalx,  but  assuming 
^tbe  appearance  of  n  jelly  when  suffidcntty  concvntnited. 
H  There  exiHtK  «b»  u  diacetutrd  peroxide  of  iron,  in  llic  stale 
of  B  yellow  powder,  insoluble  in  wutcr, 

21.  Liieiattii  peri>xiilt  i>f  ir<m.  A  brown  wit,  not  crystal- 
luable,  but  readily  diiwolving  in  watcr.j 

SH.  FomuUed  peroridf.  tif  iroM.  The  bydmted  peroxide  of 
iron  dissolvea  very  slowly  in  ftirmic  acid.  The  bruwnish-yvl- 
lonr  ulutioii,  when  stifficicnlly  concentrated,  deposites  Mtnall, 
iiof^  reddttli-yellgw  m-i-dliw,  eoKily  soluble  in  water,  but  with 
cUlEculty  iji  iileobol.ll 

2:1  MfUtitrd  ptroxide  <(f  iron.  McUitic  aci<l,  when  <lropt 
into  ailmtcd  jieroxide  uf  iron,  throws  down  an  isabclhi  yellow 
powder,  soluble  in  murintie  acid.H  .i 

'iA.  'i'arlraled  perwride  of  iron.  A  gelatJnoiiH',  not  cry«tal- 
lixable,  but  very  soluble  anil.  When  alkalies  arc  drnpl  into 
the  Bolution  of  this  salt,  they  do  not  precipitate  the  oxide  of 
iron,  but  merely  a  dttartmted  peroxide. 

'2!t.  f'imtled  perttxiih  af  iron,  Vinic  ncid  dis»olve«  hydmtvd 
peroxide  of  iron,  and  assumes  n  brontiiKh-yellow  colour.  Tliia 
Milultou  gradually  loses  iu  colour  by  keeping,  the  iron  Wing 
converle<l  into  protoxide.*" 

lie,  Pt/rotarlriii\d jtrroride t^iroH.  Tlie  alkitltne  pyrntiirtTuteit 
throw  down  the  peroxide  of  iron  from  iw  wlulionH,  like  thr 
•uccinateH  or  beozoates. 

*  Pliil.  Tnina.  t0it7,  p.>l8.  i  Sclxclv.  I  Bergmai),  L  MS. 

S  S<tiMk  Mid  Bniconnot.  11  ArfvciLon,  UorpMA 

1  K%rMh.  **  WsMiner. 
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27.  OmiBd  pmndi  tf  mm,  Dmk-hnwOf  brittle  iMe 
euU.  b«E  becQMJBgphidewhgDhitu^  cMt^MlnUie  im  vitcr. 
Aennfiiif^  1*  M.  H.  Row,  tke  lolatiai  of  tfab  nit  is  oot  pre. 
opmBni  bv  •num. 

^S.  JCatorf  pmrUt  ef  inm,  A  Imnrn,  gum-like  ma^ 
KM  »h«d  W  expMuN  to  iW  air,  canly  tolBble  in  mt«r,ud 
iliitil     TUs  ail  is  BM  ptMipiiated  I7  tke  alUie^* 

99^.  /yi—t^hrf  ^mndt  ^inm.  A  hwan  y«U«wrp—J». 

■■MM^  {veopitiMs  pcfwaoe  et  ms  mwk  !■  B^itnl  MndMi^ 
m  ^kt  fctenif^-ml  «oclt%  wUch  bMone  ^ikar  eob«l 
«kW«fa>nL  Tki»ahiiM«MUUekoaU«Kl»;  batwk* 
MMiavMv.k  i>  JnwpMta  iMo  bHoediBte^  vUd  «^ 
1D^«&  ■ml  iliiMiili  vUck  11  iMJiw  in  t^  MsIb  (tf  aBiaw- 
UUe  rM4er.  Fn«  tke  wmHrA  sf  Boi^ah,  Ibb  nit,  «ta 
'  JrM  ia  ibe  open  w,  woold  Kcn  to  ba  a  om^Ninad  rf 
1-  atoia  facvinie  acU  6-9A 

I    aten  perozidie  of  «■  6<W 

Ij  atom  water  1-6876 


19-9876t 
ai.  Wi'iaii  la^rf^wrpaa*  if  inm.    ObtUDcd  by  bailiHf  tk 
frtcefcig  j^  SI  water.     TW  •ofaitiea  ii  not  mttipitateJ  bf 
a&ifii».     \l'b«  cotealialed  br  er^wiatiea,   it   depoiM 
iiiiiiiitaiii  III  ptat«^ 

ICBBB9  anJiMntwd  whta  lawiaateii  pefOEoie  «f  boa  is  boBid 
ia  wwer.  It  •Mataiw  v«vt  lit^  acU;  bat  baa  BOt  yM  bsss 
acvantehr  uu!\-»Hi. 

It  ww'\L  RVaei,  tnatr.  tbat  fiiit  panted  aat  Ik  metU  rf 
Wfwntia^  fymside  ef  ina  frota  MsngintM,  by  ncaat  rf  ■ 
alkattae  ^wcnaalir. 

f^t*Ax  pfffvifitM».w  a  nt  atial  pwnh  of  iran.  The  predpiltte 
w  inii  k4  I  M~beB  Wat«4.  it  nriis  into  a  icdIdiBb-yrilor, 
iutf  mam^  iW  aad  B  ieatnnwL  aad  protoxide  of  inn  TCBUBL 
\V&<«i  ibe  mIi  V  dkrenvd  in  aqaeoos  potnb  en-  aiaiaonii,  de 
lah  »  panielNr  «l(vcap««d.  atid  a  tcddish-eoloQicd  arfntion  ii 
rifnaani.     TVe  9ak  »  abo  dteonpootd  into  super  and  sa^ 

■  Rm*.  *-  OxUfcS  Sam.  E  &1S.  t  Vend. 

%  YW  i*  tW  ^vA.'*::  *(kb  Ac  hawK  add  hM  been  obtMed  hf  adrih 
mmim;  t«i>4ai^MdlMrbMaatMMtdl7llKMaHtwij,lfatcalM 
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bcnzoatvt,  by  tNNling  it  in  a  great  Hral  of  water.    Wbeo  dried  ^**-  ^^tt  ] 
>at  2)2°,  it  is  anhydrous,  and  compos<.>d  of  ~ 

1  ftloiD  benxoic  add  .         15 

1  atom  pertfxid«  of  iron  .  5 

20 
34.  BiUnzoaUil  perwtitie  of  inm.    When  the  precedinif  salt 
i^i*  di«^est«4l  uilli  Wnxuic  actd  and  water,  a  solution  is  obtained, 

wliicli,  wLt-n  niit'&c.-icntly  cuuc«nlraU>d,  de)>oxit««  tiibenzoale  in 

yeUovr  cry»talx,  whicli  i-ffloreece  in  the  air,  and  are  |MirtiaJJy 
'  •oluble  in  uratvr  and  nk-cihol.* 
I      JJi.  SuiitKnzixi/ftJ  prroxitie  if  iron.     It  is  obtained  when  tlie 

neutral  Kalt  in  liuiird  in  water,  or  ticuted  iiitb  an  alkali. 
r      96.  GaJiatcd  peroritie  if  irott.     Gallic  acid  throws  down 
L  peroxide  of  iron  from  its  solution  in  acid,  in  tlie  state  of  a  very 

deri>  blue  (wwdvr,  the  constitution  of  which  hat  not  yet  been 

dt^ttrminiM). 
I      37.  MtamaUd  jtroxidt  qfiroH.     Meconic  acid  and  its  saltD 

g:ir««  a  beautiful  rvd  colour  to  tlve  peroxidized  salts  of  iron, 

without  occasioning  any  pTecipitale.      Hx|)<i«ure  to  the  light 

of  the  sun,  or  a  nuxtun  of  protocbloride  of  tin,  completely 

destroys  this  red  eotour. 

3&.  lioletfUed  ptroxide  <firoH.     Uoletic  acid,  or  its  alkaline 

salts,  precipitate  sulphated  peroxide  of  irott,  in  the  Htate  of 

BO  aurora  red  magma. 

39.  Cam/iAoralfi  peroxide  <f  iroH.     When  canipborate  of 
ia  dropt  into  a  peraalt  of  iron,  a  bulky,  light-bruwa 

[Mtate  falht,  which  is  insoluble  in  water.f 

40.  Suberaied  peroxide  qf  iron.     It  may  be  obtained  by 
'  ilouble  deoompofiUou,  in  tlie  name  way  aa  the  preceding  salt, 

which  it  cli>sely  resembles  in  appearance  and  piopertic».t 

41.  Pinated  peroxide  <f  iroH.  This  salt  is  obtained  when 
akobolic  aoluduus  of  pinic  acid  and  percblortde  of  iron  are 
mixed  together.  The  tarry  precipitate  is  to  be  washed  with 
aloolwl.    A  brwwn,  opaque,  brittle  niaeB,  soluble  with  difficulty 

^  In  alcobul,  but  easily  soluble  in  ether  and  oil  of  turpentine.} 
ft      42.  SUvtiUd  prnaide  <f  iron.     U  may  be  prepared  in  the 
ftaaaia  wsty  ah  the  preceding  tali.     It  i«  but  little  soluble  in 
Hkloohol,  but  very  soluble  in  etJi«r.|i 

W      "  TramnadorT.  t  BranJcs,  Schwdfjgcr'i  Jour,  xiivin.  200. 

t  BtmuI^  Md.  xxxiii.  toe. 
i  Uavtrdortisn,  PoggmiiotV*  Annklen,  xL  836. 
I  Ibid.  p.  4Ul. 


43.  I^^vn^ed  prronde  ofinm.    A  rhMmtm  ydknr  povdcr.* 

SZCnOS  XTtll. SALTS  OF  PROTOXIDE  OF  MASGAMK9E. 

>Ion  of  ibe  camlunuioiB  of  protoxide  <rf'  manganeae  w^ 
Mi»  an  solnbie  in  wuer.  The  soIudods  are  oolonrieai^  and 
hare  a  KnmAh  and  saline  taste ;  by  do  means  bo  diflagrceable 
«.  ihat  of  »<Mt  mealliiie  sahs.  When  tlte  sidatioiii  are  nC- 
oradr  eaneentraied.  waaj  of  the  sails  of  mai^aiicse  OTitil- 
fiie.  The  rrysuis  hare  a  Besh-fed  cokrar,  whidi,  togcAtr 
viA  Aeir  nansparency,  giies  them  a  beaudfbl  appeatanee; 

L  When  the  solndons  of  the  salts  of  manganese  are  tnaled 
viih  bed  alkalies^  they  deposite  a  sidle  precipitate,  wUek 
gradBally  becwnes  black  when  exposed  to  the'air. 

•i.  Pntsstate  of  potash  occasitMis  a  vhite  precipitate  irim 
dnifified  into  these  solniions. 

^  HydrosaJphorei  of  poosh  occasions  a  yellowish  precqii- 
a;e.  Suipbniened  hydrogen  gas  gives  the  solution  a  white 
ndoar.  bat  pradnces  no  precipitate,  tuleas  the  acid  be  veaL 

-L  Gallic  acid  and  infiisioD  of  nut-gallsi,  occauon  no  piea> 
piaie. 

Sh  Manganese  is  not  precipitated  from  its  aiJulioa  in  Ae 
metsliic  state  by  any  of  the  other  metals. 

A.  The  alls  of  manganese  are  not  precipitated  by  sncciMle 
or  bemoate  of  ammonia. 

7.  .\mmonia  produces  a  white  predpitate,  which  gradosllf 
becomes  bfaKk  if  air  has  aceess-  If  we  add  some  sal  ammomici 
asunonia  become?  incapable  of  throwing  down  the  protoxide 
of  manganese.  A  solution  of  ml  ammoniac  immediately  dis- 
solres  the  precipitate  thrown  down  by  ammonia.  Bui  oo 
learii^  the  liqnid  exposed  to  the  air,  the  preripitate  agiin 
appears. 

8.  \\'hen  a  Kill  of  manganese  is  heated  before  the  blov- 
pipe  with  carbonate  of  soda,  it  fuses  into  a  green  glass,  whid 
becomes  hlncKh-gT^n  when  cold,  ^^'itfa  borax  in  the  oxidii- 
ing  Same,  it  fmas  an  asoethy^-coloured  g^a» ;  but  in  At 
minciiar  flame,  the  colonr  disappears. 

1.  SmfyJiatr  pf  mnaipomeM.  This  salt  is  easily  formed,  hj 
dissotring  the  carbonate  of  manganese  in  sulphuric  acid  la 
satnntion.  uhI  cr^-stalliiing  the  solution.  The  crystals  aie 
ver>'  oblique  ihombic  prisms,  the  inclination  of  the  fiices  bdog 
about  14i>-'  and  3:2'.     It  bears  a  consideinble  resemblance  to 

*  (licivllicr  aisl  Lasapx,  Ann.  de  Ohim.  ci  dc  Pbjt.  xm.  161. 
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the  crystalline  fonn  oi  axiaiie.  It  is  tran^arent,  and  lias  a  ■w-xviit 
Dlteht  Hiiadc  of  rwl,  which  gives  it  a  beautiful  nppearaiiee. 
When  exposed  to  the  nir,  it  undergoes  very  little  alteration, 
or  beconiea  only  !*li^liily  efHoro»c(-iit.  The  taste  is  bitter,  and 
similar  to  tJial  ofghuhcr  salt,  but  stronger;  nnd,  like  glnuber 
salt,  it  may  be  administered  as  a  cathartic,  in  doses  of  firom 
Iialf  an  ounce  to  an  ounce.  Its  spi^cific  gravity  is  'i'B77.  100 
parts  of  water  at  the  ti^mperalure  of  40°  dissolve  Bl  parts  of 
^is  suit  previously  dried  in  the  tempcmture  of  I&O^  It  is 
fckoluble  in  alcohol.*  When  hentcd,  its  water  is  driven  off, 
maA  it  fulls  donii  in  tlie  stnt«  of  a  white  powder.  I  found  its 
consticuontt  as  follows: 


I  iitum  Milphuric  acid 

1  atom  pn>toxi(Ic  of  tuiinguncsc 

5  atoms  water         .        . 


5 
5'625 


fnt  Mitchrrlieh  (who  at  first  obtained  the  same  quantity  of 
Iter  tlint  1  did)  luis  more  lately  announced  that  the  salt  con- 
ins  only  4  atoms  of  water.     If  this  statement  be  correct  the 
[tmic  weight  will  be  14.     PlafT  makes  tlic  u'ater  to  lunount 
7  at(>ins.f 

When  tlie  solution  of  sulphate  of  manganese  is  concentrated 
Ibvr  too  far,  a  white  crust  is  deposite^l  on  the  bottom  of  the 
This  crust  is  rather  dilficultly  soluble  iit  water,  and  is 
apoand  of 

1  atom  tiulphuric  acid  .         ,         5 

1  atom  protoxide  of  monguieac   .         4*5 
8  atoms  u-ater .  .         .         ,         3-d75 


1 2-675 


tsquisulphafe  of  taan</aHf*e.     lYaff  informs  us  that 
by  d[g4>6ting  native  deuloxide  of  manganese  in  sulphuric  acid 

fd  eviipomting  the  solution,  he  obtains  two  ditlVreut  kintU  of 
|rstal«, — the  firat  kind  eoiistitut«  tlie  crystiU  of  the  la«t  species, 
e  other  crystals  he  dcM-rilM-*  iw  perfectly  white,  and  cumiioscd 
'  doubly  oblique  four-sided  pitnniK,  but  not  ni.NiTly  so  much  so 
the  preceding  salt.  He  informs  us  that  the  conaUluents  of 
I  salt  are : 

*  John,  AimnU  of  Philo(0|hr,  a.  IRS;^ 
t  Schwdg^rr'*  Jnhrtiucb.  xxiii.  121. 


&68  OXYOSN  ACID  SALTS. 

Q»'.    .  Snlphuric  aciil      .        .        .  38-<6 

Protoxide  of  Duagsoflae        .  43*34 

Water         ....  38-00 


IMHKI* 


Tbii  is  equirsleitt  to 

1  atom  su^ude  aeid 
1-68  atom  protoxida  of  manganeaa 
4'34  atoms  water. 
It  is  doubtful  wbetbec  U  be  a  dUulphate  or  ■iilmtniiiiii|[ihiti 
Were  we  to  adopt  tbe  latter  opinioii*  tfas  pgropoaJtiw*  tf  it 
Bait  would  probably  be 

1    atom  sulphuric  add        .        .        5 
1^  atom  manganese  .        ■        6*78 

4   atoms  water  .        .        4-6 

16-25 

S.  Sidpkite  qf  numganeu.  It  may  be  obtained  by  digeidig 
carbonate  of  manganese  in  liquid  sulpbuious  add.  It  i^  ■ 
white  granular  tasteless  powder,  not  altered  by  e^Msure  tt 
tbe  air,  insoluble  in  water  and  alcohol,  and  decomposed  by  ex* 
posure  to  a  red  heat  Its  consdCuente,  according  to  Dr.  J0I14 
to  whom  we  owe  the  preceding  &cts,  are 

Protoxide  of  manganese  .        .         40*2 

Acid  and  water     ....         d9*8 


100*0 

Tliis  approaches 

1    atom  sulphurous  add 

4 

1    atom  protoxide  of  manganese 

4f& 

SJ  atoms  water         .        .        .        . 

2-6125 

113125 

4.  Hyptttit^iie  <^  ■maagoMue.  This  salt  remains  in  mIs- 
tion  when  hyposulphite  of  lime  is  precipitated  by  sulphate  d 
manganese.f 

5.  HypostJphaU  of  ttumganeae.  This  salt  is  very  solnbk 
in  water,  and  even  deliquescent^ 

6.  Xitraie  qf  mangcmeee.  Nitric  acid  dissolves  manganese 
vixOx  effervescence,  occasioned  by  tbe  eraisrion  of  nitric  p^ 

•  Schwdgger'i  Jahrbuch.  xziii.  121. 
t  Herechdl,  E*ii.  PfaiL  Jour.  L  84. 
X  Oky-LuB«M  i  Aonala  of  PhiloMphy,  ut.  355, 
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It  diwotra  the  cnrhoiiate  witli  facility,  but  it  haf  very  little  »^*""- 
■etioD  on  the  black  oxide ;  liowerer,  br  very  lon^  rlij^e^tiuii, 
it  iit  liutt  dJMolves  a  |>art  of  it.  'I'hf.  w>luli(>n  ir»«>H  on  niuch 
more  rapidly  if  a  little  sugar  or  gum,  or  uiiy  iiii:itUT  Kubstiiiice, 
b«  added,  and  at  the  aanie  time  n  quuntity  of  csiTboiiic  acid  gtu 
is  emiltMl.  Hence  we  see  that  tlic  black  oxide  must  part 
with  a  jwrtion  of  its  oxygen  before  nitric  acid  can  dis»olve  it, 
NiCrouH  acid  acts  upon  die  black  oxide  much  more  rcndily,  and 
im  converted  eniirely  into  iiitric  aci«i.  Tlic  solution,  in  what 
■■■Ber  aoever  it  )i»  t>cen  miKle-,  is  alwayi  colourless,  provided 
tiie  xtmagmete  b«  pure. 

By  diSMlvlng  carbonate  of  man^tnesc  in  nitric  ndd  and 
«Ta|ioratiiig  cauUoualy,  l>r.  J<din  obtainnd  nitralc  of  mangnncse 
in  Boedlc-form  crystals.  1  have  obtained  the  stdt  by  tlio  tauns 
proccsB  in  prianis.  Bat  tliey  arc  so  deliquescent  and  so  didicult 
of  fonnatioii  that  it  was  impoMtible  to  ascertain  the  exact  shape. 
^he  crystals  hare  a  white  colour  with  a  alight  shade  of  red. 
kbey  have  a  bitter  taste  and  dissolve  readily  in  water  an<l  In 
Beoiio).  Ilic  alcxihoUc  solution,  according  to  John,  bunw  with 
m  green-coloured  ftomc.  Tiie  conHtiluenta  of  ihetie  cr)-«tal», 
mtoced  to  pou'der  and  dried  by  presnuv  between  fdiU  of  blot- 
Wta^  pnf>er.  1  found  to  be 
K  1  aion  nitric  acid         .  6'7S 

■  I  atom  protoxide  of  manganese  4-50 

■  7  aUMSs  water     ....         7-S75 

■  19-125 
r    7.  Carienate  of  numgant*t.     This  salt  ia  easily  obtained  by 

pouring  an  aqueous  solution  of  bicarhonate  of  potash  or  aoda 
into  sulphate  or  murialc  of  manganese,  a  snow-wiiitc  powder 
lalU  whidt,  when  wa'shed  and  dried,  consbtulea  the  carbonate 
of  manganese.  It  is  tasteless  and  insoluble  in  water,  but  eanily 
•oluble  witli  effervescence  in  Nutphuric,  nitric,  or  muriatic  acid, 
and  the  solutions  are  cvlourlew.  It  ii«  svarcety  ponibte  to  pre- 
•arre  it  without  itt  colour  becoming  tinged  ^vitb  ydlow  owing 
the  wcape  of  a  portion  of  the  carbonic  acid  and  the  cunvin'- 
PD  of  the  oxide  ihna  abandoned  into  Hesquioxide.  When  tlda 
k  in  dried  in  the  open  air  ila  cotutlluenU,  by  my  analysis,  are 
1  Btou  carbonic  iicid  .         .        .         3'75 

1  ttom  protoxide  of  manganeia  •        4rft 

SatoBM  water  ....        S-3S 

9« 


^^  ■■.■XTSKS  ACID  &AUS, 

=»  -         IV.  ftraoBnauer.  -m^  diaed  h  ai  a  h^Wr  teoipentnre, 
imrni  ^  <m<cfmm3  t«  be 

I  iCMS  OT^'Hu;  loi  .  .  S-75 

1  iun.  poMitxS^  «c  MiTipHrw  4*5 

1  iMoi  wver  1-129 

e375 
'n'liKi  -^St  al^  if  uami  it  loMS  its  cntmuc  acid  and  be- 
eauM!^  E<cuv3  <k  Sk^  Wlen  a  canent  of  dilorine  gn  b 
Tiiiinf  ifc:«^r3  tas  Wt  tofprnHied  in  warn,  it  gndually  Iomi 
is  ^rrwcK  aad  a=ri  »  coBT«rt«l  into  bydrat^d  dentoxide  ft 
IT  rinnr  Accwtulag  to  John,  carbonate  of  mangancM  ii 
wabw  bt  76^0  dmcs  iif  r^ i^kt  of  arat«r,  and  in  3840  tints  id 
nvat  mi  vaEH-  iapraciBied  with  caHxnic  acid  gas.  Thk  nk 
»  ionmi  aaar*  orrsaihMtd  in  obtase  rluMnboids  with  angie*  of 
aEvMit  lOT-  ■^'.  according  lo  the  meanrement  of  Mr.  Bnakt, 
and  comcqaentiT  i^^iraacfaing  tctt  near  the  shape  <^  catboasto 
•t  irotL. 

&.  PkMpiiA  of  ma»gamM.  This  salt  may  be  obtained  hf 
■ixinir  toeether  «olntions  oi  snlphate  of  manganese  and  pho^ 
phate  «f  soda.  It  ii  a  vhite,  tasteless,  insolnble  powder,  vhid 
melts  radter  easilr  vhen  exposed  to  die  heat  t^  a  forge ;  but  il 
renr  difficult  of  reduction.  According  to  the  analysis  of  Ber- 
thier  it  is  composed  of 

Pho^boric  acid  .  .         4*44 

Protoxide  of  manganese  .         5*56 


10-00  • 
This  is  almost  exactly 

1    atom  phosphoric  acid         .         .         4*5 
1{  atom  protoxide  of  manganese  5-625 

10-196 
I  am  not  aware  of  any  other  analysis  of  this  salt. 
9.  Artemiate  of  manganeae.  Arsenic  add  dissolves  the  pn(> 
oxide  of  manganese  with  &cility;  and  when  it  approadies  As 
point  of  saturation,  the  solution  becomes  thidc,  with  vmS 
crj-stals,  which  separate.  These  crj-stab  are  arseniate  of  nsa- 
gnnese.  They  are  precipitated  when  an  alkaline  aneniate  ■ 
dropped  into  the  solution  of  manganese  in  an  arid.  These 
crystals  do  not  melt  when  heated ;  neither  does  arsenic  tubliiWi 
unless  charcoal  be  mixed  with  them.f 

•  Jour,  de  Mines,  x\ii.  191.  f  Seheele,  i  isa 
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I  riirmcd  tliH  salt  l>y  mixing  tKilutioiw  of  eulptalA  of  manf^-  »«*'t*^"'; 
ncmf  uid  itraeniale  of  sikIii.  It  prvcipit»to«  under  the  form  of 
K  n-tiitv  tasteless  ixtwiler.  iiwoiublc  in  wiitcr,  mid  jimdiiciiig  no 
chun^rc  on  vegetable  blues.  U  hns  not  bit'ti  niiiilyi:i<d;  but  1 
find  that  23*5  grains  of  tbe  {>owdcr  driod  !ii  the  open  air  loM 
by  tgiiition  11-25  grains  of  weight.  Hence,  if  tlic  salt  be 
lucuttal,  the  constittieuu  must  bt; 

I  atom  arsenie  acid  .  .  .  T-Si 

1  atom  protoxide  of  manganese         .         4-5 
10  atoms  water  .         .         .         .       1 1-2S 

'2a 

hnarscniait  ^  maitganete.     This  «alt,  whieh  may  Uc 
ledby  dismlviug  the  preceding  one  in  antenic  ncid,  is  m>- 
lubltr  in  walpr.  • 

II.    Ilorate  of  tnanynuftte,      Wlien  a  BolutJon  of  borax  is 

ired  into  a  ult  of  manganese  a  white  precipitate  faXU.  This 

ipitate  is  soluble  in  aqueous  sulphate  of  magnesia,     Ac- 

rordinijly  it  doM  not  ^pear,  when  a  magiiesian  salt  in  mixed 

P It'll])  die  manganeM  aoluiiun.t 
[     12.  Siiicate  of  manffiimxe.     There  arc  two  lulicated  saltJ*  of 
toanganese,  wliidi  occur  natiic. 
(I.)  Silicate  of  manganese,  a  beuutiful  flenli  red  minenl 
compMed  of 
^-  1  atom  silica 

^B^  1  atom  protoxide  of  mat^^oiiese 

^BDiner 
■     13. 


-      lUDHT 


2 
4-6 


rea 


«-5 
(3.)    DiaHeaie  of  manyanese-,  a  foliated  nitJicr  dark 
lineral,  which  accompanies  Franklinile  in  New  Jersey. 

13.  Sfimite  (ftnattyntute.  The  neutral  sail  is  a  white,  soft, 
insoluble  powder.  It  i«  very  fusible ;  but  proserv-es  iu  acid 
very  well  in  close  ve«)els.  In  ibc  open  air,  on  the  cotitrary, 
the  mangnnosc  absorbs  oxygen,  and  ulluwi>  tbe  acid  to  midce  its 
MCttpe.  I'hts  salt  aiUicka  and  corrodes  gtiLW  much  more  violently 
than  either  the  selenile  of  time  or  of  mni^ncflia. 

14.  liinrlmile  <f  matttfaneae  is  very  Mdubte  in  water;  by 
evaporation  il  yielils  a  erjstallizablf  wiline  maa*.     A  high  icm- 

prature  drives  olThe   excess  of  its  acid.  J 

15.  A»timo»iate  of  mattgaMtt.  Tliis  »uU  is  a  white  powder 
iiot  altered  by  exposure  to  the  air.     It  is  very  little  Holuble 

•  John.  t  BcfMlio*. 

t  Bwttliiat  j  Ami.  lie  Chim.  cl  dc  Pliyn.  ix.  CM. 
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nwL  inwater.  Wben  heated  U  girea  Ant  water  and  beeoiMa  gtaj. 
When  the  keat  k  carried  nearly  to  redDOa,  aanbitfain  tikM 
plaee,  and  the  aalt  beeomefl  agsin  white." 

16.  JnliwnmUe  ^mamgtmat.  A  wUte  natter  preltycHilf 
•oluble  in  water. 

17.  TeOumte  o/*  mmffoiKm.  A  white  powder  aot  lohibk 
in  water,  f 

18>  Ciroma^  of  numgaiittt.  Protoxide  of  mwnpaese  dfr- 
composes  chromic  acid.     Thia  salt  of  cooraa  eanaitf  exist. 

19.  Mal^date  <^  numgattete.  When  nu^ybdate  of  potnh 
is  poured  into  a  solution  of  protoxide  of  maDganese  in  mnritfiE 
acid  a  brownish  wliite  precipitate  blls,  which  is  soloble  in  bm 
40  to  50  dmes  its  weight  of  water.  % 

20l  TiatgOaU  t^  mtmgamae.  Tangstic  add  and  wiW 
boiled  on  powdered  manganese  convert  it  into  a  white  pewderi 
as  it  does  likewise  the  carbonate  of  manganese^  TnogitiCi  of 
manganese  may  be  obtained  by  dropping  tni^ttide  of  potmli 
into  a  solidion  of  manganese.  It  it  a  tastekss  white  powds^ 
insoluble  in  water,  and  noC  altered  by  expoaure  to  the  lih 
Wlien  heated  it  becomes  yellow,  and  thm  brown,  but  deti 
not  nielL( 

21.  OxtUate  of  manganese,  litis  a*lt  may  be  fimned  bf 
mixing  together  rather  conoentiated  sdutions  of  oxalate  of 
potash  and  sulphate  of  manganese.  No  immediate  predpitsk 
appears;  but  after  some  time  the  raixtare  becomes  muddy  sDii 
the  salt  subsides.  It  is  a  very  soft  tasteless  powder,  having  s 
white  colour  with  a  very  slight  shade  of  pink.  It  is  insoloble 
in  water,  tasteless,  and  does  not  act  on  vegetable  blues,  "bt 
eonstituenia,  by  my  analy^  are 

1  atom  oxalic  acid  .         .         .         4*ft 

1  atom  protoxide  of  manganese         .         4r& 
3  at«ms  water  ....         8*37ft 


13*375 

92.  Acetate  of  wsngantM.  Ka^  add  disnolves  earbouU 
of  manganese  readUy.  Tlie  solution  crystallizes  in  bcwiiU 
riiorabic  prisms.  They  hare  a  light  reddidi  cirfour,  are  no- 
Bparent^  and  not  altered  l^  exposure  to  the  air.  '  Th«r  tMtt 
is  astringent  and  metallic.  They  dissolve  ia  3^  timss  Aw 
weight  of  cold  water.     They  ase  sobiitle  likewise  in  alcohol 

•  Beneliua ;  Nidiobon'*  Jour.  sut.  42.  f  '<"<l- 

(   AkhUr.  J  John,  OeUeB't  Jour.  uu.  p.  4M 
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Cir  conetilticnts,  sccordtng  (o  John,  are  30  oxMc  and  70  ■«*■"'""■ 
uikI  watvr.  *     I  founil  their  constttuetits  to  be 
I  iitum  iu.-c(i(.-  acul  ,         .         .         6-35 

I  iitom  protoxide  of  manganese  .         4'd 

4  uloms  n-ater  ....         4-5 

15-25 
i.    T^rtatf  of  mnntfrmfM:      I-lat  four-niiled  priirms,  efflores- 
cing in  the  tiir,  melting  uIkmi  bciitrd  in  iltv  u-ntor  of  cry&Uil- 
lixntion,  and  soluble  in  12  limes  its  wcif^ht  of  cold  u-stcr.f 

24.  Fomtnlf  of  mangantie.  Tlii«  wiit  may  be  formed  by 
ditsAolving  cflrboiiaie  of  nuingimeiie  in  formic  ncid.  It  cry»tal- 
Itses  in  tables  having  a  reddish  colour  and  falling  into  powder 
when  gently  heated,  soluble  in  15  times  their  weight  of  coli) 

Iw-atcr,  but  inwlnble  in  alcohol.    The  taste  is  sweet  an<I  metal- 
lic.    The  constituents,  nccvrdiiig  to  Glibcl,  are 
I  atom  formic  acid  .         .         .         4*625 

I  I  atom  protoxide  of  manganese      .         4*5 

i  •      "'1  atom  water         ....         1*125 


.     m 


10-25 

25.   Tarlrafe  (f  mttMtnnfst^.     'Iliifi  Will  may  be  obtained  by 
mixing  together  sohitions  of  muriate  of  mangancK  Aod  lartrute 
l>f  poUdL     No  immediate  change  is  produced ;  hut  on  setting 
j  the  fflixuire  axide  beautiful  small  crj-stals  of  tartrate  of  msn- 
Iganeae  are  deposited.     They  are  four-sided  prisms  seemingly 
reeUingular,  and  luivc  a  Resh-rcd  colour.     Il  is  very  sparingly 
^joiuble  in  n-ater.     Its  constituents,  by  my  andysis,  are 
B  1  atom  tartaric  acid  8-25 

^ft  I  atom  protoxi<le  of  manganese  .         4-5 

^^^^      '2  atoms  H-ater  ....         2-25 

V  26.  yiaate  of  manganese.  It  may  be  obtained  by  dissolving 
mrbonate  of  manj^iccc  in  riuic  acid.  l*be  solution  when  set 
wUde  gradually  dcposites  Mnall  flesh-red  cryhuls  exceedingly 
ftimilar  to  the  Ukrtratc,  and  like  them  very  little  soluble  in  water. 
27.  Citrate  of  manganese.  Citric  aci<l  diiuolves  bhick  oxide 
of  manganese  witii  the  evolution  of  carbonic  acid  piiii,( 

2H.  Midntr.  ff  Mtiiiffanrse.  Obtainc4l  by  stituruting  theiicid 
with  carbonate  of  manganese.  A  gummy  like  matter,  wbidi 
docs  not  crystallize,  an<l  i.t  very  soluble  in  water. 

•  Othlca's  Jour.  xxxt.  p.  t40.  f  BrsconiMl.  |  Sdieelr. 

II.  Sq 
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o*!-  29.  Bimaiott  (^  moMgoMeie.  Obtunedb^  adding  malic  add 
to  the  solution  of  the  preceding  salL  It  is  a  white  powder 
whidi  dissolves  in  hoi  nter,  and  forms  tianslncent  red  aystals. 
When  heated  they  do  not  melt,  but  are  gradoally  decnnpoaed. 
They  are  soluble  in  41  times  their  weight  of  cold  water.* 

30.  Fumpalt  ^nuagantae,     A  gum  like  matter  not  capable 
of  cn-$lallizing.f 

31.  Sweeimatt  ^  mamgameae.  Succinic  acid  dissol^  mm' 
janese  and  its  caibooate  very  readily.  The  solution  has  ■ 
reddish  colour  and  j-ields  when  evaporated  crystals  which  mi 
SDoetimes  fonr-sided  prians,  sometimes  four-sided  tables,  and 
cometimes  octahedrons,  compaeed  of  two  four-sided  pytanudl 
applied  base  to  base.  These  crj'stsls  are  transparent  They 
^pear  colourless  when  viewed  singly;  but  when  laid  in  nD» 
bers  above  each  other  they  assume  a  rose-red  col  our.  Whei 
heated  they  become  opaque,  white,  and  similar  in  appeanuKe  to 
porcvlaiu.  They  are  insoluble  in  alcohol  At  the  temperatm 
of  66'  ihey  require  ten  times  their  weight  of  water  to  disdre 
them.  When  distilled  tfaey  yield  water,  brown  oil,  and  to 
intlamm  ablesas.  According  to  John  they  are  composed  of 
;W-37  protoxide  of  manganese,  and  69-73  add  and  watn-l 
lilts  :^eems  to  show  that  the  constituents  of  the  crystals  an 

1  atom  succinic  aciJ  .  6-25 

I  a;om  protoxide  of  manganese  .         .  4-5 

3  atoms  w^ter  .         .  3*373 


14123 
%!.  Benzoaii  if' mangamett.  Benioic  acid  dissoh-es  maa^ 
nose  and  its  carbouate  slowly.  The  solution  yields  thin  piif- 
maiii'  mstals.  which  are  colourless,  transparent,  and  are  not 
alieml  by  ex{K>sure  to  the  air.  lliey  have  a  sweetish  astiin- 
fi-tit  taste,  which  Ic.ives  a  bitterish  impression.  At  the  teis- 
^vr.uure  of  t>6".  they  require  -20  times  their  weight  of  waterto 
ai!»>lve  them.  They  are  soluble  likenise  in  alcohoL  Whn 
disitl1t\l  they  }-)eKl  a  very  little  water,  but  a  good  deal  of  oil 
.\AMrtiinic  III  John  they  are  composed  of  24  oxide  and  76  acid 
and  w-.iter.v  Ii  is  obvious  from  this  that  the  salt  b  anbydroosi 
and  tliai  its  ivustituents  are 

1  aii.wi  benzoic  acid  ■         .         15 

1  atom  protoxide  of  manganese         .  4-5 

19-5 

•  Brmiuhm.      t  Ib"^      IGchlcn'a  Jour.  s.  p.  439.      $  Ibid,  p^  438> 
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33.  Campiorate(if  mauffanete.     Camphon(«  of  soda  occa-  ^*^-  *"'■ 
iium  no  prccipitaU)  In  (Jic  tnlis  of  tnao^iiv»c.     But  wlien  car- 
b^l>ut4^  of  miiiigiuK'MC  U  tioili-d  wittinunplioricaciH,  «iin[>hnrate 

of  rnan^ncse  u  furiovd.  Wh«n  tli«  soluiioii  is  left  to  «]>on- 
tuioous  evsporatioitt  the  salt  crystalIu«H  in  plates  wbicb  an 
ery  soluble  in  water.* 

34.  Sn/jiraie  tjf  manganeae  may  be  obtained  by  the  samG 
aw  the  preceding  salt.     It  does  not  crysLitliEe,  but  by 

jm>UK  evii{>ut»tion  may  be  oblai»i.-d  in  »  yi-llowisb-wliitt! 

ituo'nt  matter,  haviiijr  ihc  lustr«  of  enamel.     It  is  wluble 

,  w*(er.     Its  taste  in  ewect,  Milin*,  and  ustringent,  and  has  n 

deal  of  resemblance  to  Hubcratv  of  mBgncsiti.t 
S&.  PtnaU  o^  mangantst;.     It  may  be  obtained  by  predpi- 
ftulplmte  of  maiij^ese  by  pinate  of  potash.     It  is  a  gray 
tt,  which  ngglulinates  into  a  resiaouti  liltc  niiiss,  at  the 
■t  uf  boiling  water.     It  dbsolvev  lo  etliur,  but  not  in  water 
■alcohol    'Jlie  alcohol  separates  a  portion  uf  tbp  pinicarid.} 
I'M.  HihtUe  of  Viatujamst  iliMolves  easily  in  absolute  alcohul. 
The  coloiirleiM  M>lution  becomes  bron-ii  by  exposure  to  the  air, 
iU-po«iti-»  brown  manf^iiese,§ 
97.  SvtphomiplUlialtilr  of  numjnntJie.      It  conntittites  a  neil> 
cry  stall! /a  I)  to  niIi.     The  tiute  \*  »li<^)i(Iy  mi^lvn'.     It  in 
tluble  in  water  and  alcohol,  and  is  decomposed  by  hcat.|| 

fiSCnON  XIX. — EALTtI  OF  SES^DIOXIDi:  OF  .MANUANCSE. 

ThMO  talta  luivv  be<-n  very  little  exajnined,  and  indefd  un 

HUM  iiiikuown.     Their  cnlour  is  re<Uli»b,  and  so  far  as  I 

tnow  ihoy  cannot  be  obliiined  in  a  neutral  state,  or  in  crystals. 

'ITie  few  facts  which  1  have  olmervcd  are  the  foUjiwiii^ : 

■    1.  Sulfikftittl  MiqHtoxide  of  manyancM.    When  ronce ntrateil 

HlIfAurie  acid  la  poured  over  st-sijuiuxide  of  nuuigiuicM-,  riNlueed 

P*  an  impa](Mlile  jKiuth^r,  and  tbt!  inixIiiTt:  is  hrft  to  diffcvt  at 

the  commim  li'm|H>ratiire  of  the  atinot^bcrCf  we  obtain  a  t-iolct- 

blue  li(|uid,  which  wb<-H  diluted  with  wM«r,  becomes   car- 

mtiic-tM),  Bjul  by  still  iartWr  dilution,    blood-red.     It  nay 

be  concentnili'^1  Mmcwlmt  in  :i  grulU-  bo.-tt  without  alteration, 

but  if  we  boil  it  oxygen  is  diseii^ged,  and  the  ]i<(nid  beenmes 

■early  oolourlew.     Alcohol  reduces  it  to  the  vtal?  of  common 

nilpbntfi  of  niiUigiuieKC   when  a^^txlrd    by  a  modenilc    btuU 

HUi  solutiun  amnut  be  neutralized  nor  obtained  in  crj'stals. 

r    *  Bnailn,  Sehoelgger's  Jour,  xxxviit.  809.  f  Ibid,  sxxiii.  100. 

X  OaHrdocfern,  Puseadorr't  Aoiwlen,  kI.  i^ii.    §  IhiiL  p.  4«0. 
I  Fmda)',  Aanli  of  Diilowphy  (M  Mrici),  xii.  8ia 


596  OXYGEN  ACID  SALTS. 

OM  I.  When  the  acid  is  dilute  tbe  same  saline  solution  is  obtuned, 
but  the  quantity  of  oxide  dissolved  is  less.  When  we  boil 
deuloxide  of  manganese  in  dilute  sulphurit;  acid,  oxygen  gii 
is  given  oat,  and  we  obtain  a  red  solution  containing  conunoa 
sulphate  of  manganese,  mixed  with  sulphated  sesquioxide, 

2.  Nitrated  sesquioxide  of  manganese  cannot  be  foimed. 

3.  Oxaiated  aesqaioxide  qf  mtrngmem.  When  oxalate  el 
potash  is  dropt  into  sulphated  sesquioxide  of  manganese,  a  rose- 
red  coloured  precipitate  fells,  which  is  probably  oxaltUed  tet- 
gHttxtide. 

4.  Carbonated  sesquioxide  of  mangasntM.  An  alkaline  car- 
bonate throws  down  from  the  same  solution  a  reddish-brawn 
powder. 

5.  Tartrated  sesquioxide  ofmangoKue.  When  sesquioxide 
of  manganese  in  the  state  of  a  fine  powder  is  digested  in  taitaiie 
add  without  the  appb'cation  of  beat,  a  dark  brown  solutioB  ii 

obtainedwith  a  shade  of  yellow. 

6.  Citrated  sesquioxide  <f  manganese.  Citric  add  .when 
digested  in  the  same  way  gives  a  similarly  coloured  solutioii. 

SECTION  XX. — SALTS  OF  PROTOXIDE  OF  NICKEL. 

The  soluble  salts  of  nickel  have  a  beautiful  emerald-green 
colour,  while  that  of  the  insoluble  salts  is  usually  light  greei^ 
though  in  some  cases  it  is  leek-^;reen. 
nunem.         1.  PruBsiate  of  potash  when  dropt  into  the  solution  of  these 
salts,  throws  down  a  milk-white  precipitate. 

2.  Tbe  hydrosulphuretofpoladi  occasions  a  black  pret^ntne. 

3.  Sulphuretted  hydrogen  gas  occasions  no  predpilate. 

4.  Gallic  acid,  and  the  infusion  of  nut-gaJJs,  occasiai  m 
precipitate,  at  least  in  the  sulphate  of  nidieL 

5.  Tbe  ammoniacal  solution  of  oxldeof  nickel  basabluecdeiL 

6.  Potash  throws  down  an  apple^reen  precipitate,  not  re- 
dissolved  by  adding  an  excess  of  the  alkalL 

7.  Carbonate  of  ammonia  throws  down  an  apple-green  pt- 
dpitate  redissolved  in  an  excess  of  the  carbonate,  rendering  Ae 
liquid  bluish^reen. 

8.  The  greater  number  of  the  salts  of  nickel  when  htatid 
with  borax  before  the  blow-pipe,  fuse  into  an  orange-yelk* 
or  reddish  glass,  which  becomes  yellow  or  almost  colourless  <■ 
cooling.  When  the  quantity  of  salt  of  nickel  is  considenble, 
compared  to  tbe  borax,  the  glass  is  opaque,  and  of  a  dull  brows 
while  in  fusion ;  but  on  cooling  it  becomes  dull  red  and  trans- 
parent. 


SiiipAalfi  qfMcAfi,  'iliis  sail  U  eswily  formed  by  dissolv- 
ing curboiuitc  of  nichel  in  diluu  Hulphitric  avid,  nnd  concentrat- 
iiif;  tbc  solution.  Wlieii  ilie  Hohition  coiiKtintt  an  exeesit  of 
sund  Uie  crynUil.'t  are  rcctungular  prisiiiH  witli  »q"iire  base*, 
>\'lieii  the  ttolution  is  n«utr»l  tlie  crystals  are  usiiaDy  right 
rltombic  prisms,  very  nearly  t}io  fame  m  tlie  form  of  isiilpltiite 
of  xiiic.  The  inclination  of  tiit'  luK'Tal  foce«  of  the  prism  to 
each  otlier  b  01"  10',  according  to  tbc  ineu«u(«ment  of  Mr. 
Broolie.*  The  colour  of  this  salt  is  a  6nc  dc4>p  cincrald-^recn. 
Its  taste  is  styptic  and  itlightly  acrid,  and  it  rvmaiiulonj^  in  the 
iDOUt]i.  At  the  temperature  of  60°,  100  pnrls  of  water  dis- 
solve 75'6  partt  «f  llicse  crj-stals.  When  exposed  to  iJie  air 
llie  rhombic  prisms  Imie  a  little  water,  hut  this  doc*  not  hap- 
pen to  the  square  prisms.f  Wlien  heated  they  swell  up  but 
^  not  melt,  and  they  assume  a  yellow  colour  when  the  water  is 
driven  off.  I'he  hdIi  may  be  h«ite<t  lo  incipient  i^dtion  without 
lonitg  any  acid.  It  liii«  been  repeatedly  analyxi-d  with  nearly 
llw  same  nwull  by  dilTerent  chembtta.     Its  const  it  urn  t^l  are 

LI  atom  sulphuiic  acid  .        .  5 

1  atom  protoxide  of  ntcJcel  .  4i"25 

7  atoms  water  .         .  7*87» 

17*  125 
Mr.  Phi)Ii[w  found  in  the  squire  prism  about  two  per  cent,  of 
the  water  replaced  by  sulphuric  acid.t      How  far  this  replace- 
ment is  the  cause  of  the  different  form  of  the  crystals  U  not 
clear. 

2.  Oim^ntoto  tfttkieL  When  tlie  preceding  aalt  is  mixed 
with  n  quantity  of  potash  not  sufficient  to  decompose  it  com- 
pletely, a  green  powder  is  preci|)itate(l  which  constitutes  the 
present  sidt.  It  is  very  little  Holnblc  in  water,  and  possesses 
alkaline  properties. 

3.  Nitrate  of  aicAeJ.  Carbonate  of  nickel  diwtolves  readily 
ill  nitric  acid ;  tlie  solution,  when  sulliciently  conceninited, 
depo«it«>H  crystal*  of  nitrate  of  nickel  in  very  flat  four-siiled 
oblique  prisms,  of  nu  emerald-green  colour,  not  quite  Ht  fine 
OS  that  of  Bulpliate  of  nickel.  'Iliey  dissolve  in  twice  tlieir 
we^t  of  cold  water,  lliey  are  soluble  idso  in  alcohol.  When 
heated  they  give  out  wuUT,  When  exposed  to  the  air  they 
either  deliqiicM^e  or  effiuresce  acconlijig  a*  tiioy  want  or  retain 

•  Aanais  of  PhiUi«o|iliy  (f<\  teiin)  ri.  43S. 
t  Cooper,  lbi.l.  |>.  4J».  t  lUd.  p.  44a 
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A"  ■■     their  nter  of  crystallustuKi.     The  ctmstitnents  of  Am  nit, 
aecoi£iig  to  my  aoalym,  are  «s  follows : 

1  atom  nitric  add  6-75 

1  atom  protoxide  of  nidcel  .  4-S5 

Satmns  wider  5-625 


16-625 
4.  SfAmtnOet^miekd.  Tbis  salt  was  6rat  obtained  by  Proat 
His  method  w«s  to  heat  the  preceding  salt  cautionsly  in  a  retort 
till  it  assumed  a  veUonnsli-^reeD  colour.  It  is  insoluble  io 
water,  and  composed,  according  to  Proast,  of  12  nitric  aad, 
and  88  protoxide  of  nickeL*     This  ^>proaches 

1  atom  nitric  and  .         .  6-75 

1 1  almns  oxide  of  nickel  .  46-75 


53-50 
&.  CarbomaUofmickeL  This  salt  is  obtained  by  predpitatiDg 
a  solution  of  sniphate  of  nickel  by  carbonate  of  soda,  wadiisg 
the  precipitate,  and  drj-ing  it  in  the  open  air.  It  is  a  liglit 
af^le-green  powder,  nearly  tasteless,  and  not  sennbly  solubk 
in  water,  but  dissolring  with  effervescence  in  acads.  Its  cod- 
stiments  are 

I  atom  carbonic  acid  .         .  2*75 

1  atom  protoxide  of  nickel         .         .  4*25 

SatomsvMer  8-375 


10-375 
6.  StAcaihtma^  t^  tuekei.     Thia  salt  was  obtnned  by  Bei^ 
thier,  by  precipitating  sulphate  of  nickel  by  a  bicarbmiate  tf 
potash.     The  precipitate  is  greenish-white,  pulrerulen^  ui 
rery  light     He  found  its  conslitaoits  to  be 

Carbonic  add  .        .         21 

Protoxide  of  nickel  .         48*3 

Water  30-7 


IOOK>t 

This  approaches 

1    atom  carbonic  acid 

-                     * 

2-78 

Ij  atom  protoxide  <tf  nickel 

• 

6-87S 

3  j  atoms  water 

• 

3-9875 

lS-0925 

■  Ann,  de  dun.  Ix.  273. 

t  Ann.ile 

Bfuiei,iT.4Sl. 

SALTS  or  photoxire  or  kickeu 

Wliile  lie  found  the  constituents  of  Uie  carbonati*  of  iiickol 

tJirowii  <lovn  by  carbonnte  of  soda  to  be 

Carimnic  acid  .  .>  14 

Proloxido  of  nickel  .  .  ■17*5 

Water  .  .  S8-5 


Mft 


smlxx. 


I 


I  a  a  near  approximation  to 
I  Atom  carbonic  acid 
3  Btums  prMoxide  of  nickel 
7  atoniM  water 


lOO" 

2-75 

8*5 

7875 


19-125 
lc(H>rdiii^  In  tlivKC  nit»1)'HC9  ibc  la^t  of  tliMC  (alls  it  a  dicar- 

bonulf,  Diid  tbv  lir?<t  ii  siibscs(|uicarbonate  of  nickel, 
■       7.  PAotptia/r  of  nickel.     Tbiaaaltisobtainedwben  sulphate 

of  niokvl  aiid  phm^pbate  of  Bn<la  are  mixod  together  in  the 

re<]ui<>ite  proportions,  after  \w'mg  dU-MilvMl  in  water.  AHer 
B  wa^ng  an<l  dr^in^  on  the  BlttT,  it  is  u  li);ht  pos-^riH-n  pou- 
^  ricr,  tattcK-M,  adltoring;  to  tliv  tongue,  and  insoluble  in  wntcr, 

1 1  -376  ^aina  of  it  when  exposed  to  a  red  lieat  lost  3-37B  grains 
K  of  its  weight.     Hence  I  consider  it  as  a  compound  of 
H  1  atom  phoftphoric  aciil  4-3 

H  I  ntom  protoxiile  of  niclcid  4^ 

H  'A  atoms  water  9-375 

^^L  l*2l&5 

^^^^.  Artenia/r  ((fnirJiel,  Tliis  salt  ia  ot}taiDcd  when  tioluliouii 
B  of  arseniate  of  soda  and  sulphate  of  nickel  are  mixed  togctht-r. 
B  l^e  arsenialc  of  nickel,  while  inuiitt,  has  a  light  green  colour; 
but  when  dried  on  the  filler  the  eolotir  deepens  to  a  dark  leek- 
grei'n.  It  is  |as(ele%)t,  and  insoluhU'  in  water,  yet  it  slightly 
reddfn«  vegetable  blues.  When  heiited  to  the  temperature  of 
ulkiut  500*>,  it  gives  out  tHo-tliinU  of  its  water,  and  becomes 
dark  brownish-yellow.  In  a  red  lieat  it  loses  the  whole  of  it« 
water,  and  becomes  dark-bfown.  Its  coitstituenta  are 
1  at4>m  arsenic  acid  .         .  7*25 

1  atom  protoxide  of  nickel  .         •  4*25 

(!  atoms  wau-r  .         .  6*75 


18-25 


•  Ana.  lie  Mines  '"■  P"  ^*- 


tf^mirJU.  When  anenic  add  is  digested 
'  ^  nickd.  no  appareat  action  is  perceptible  for 
:  b«s  IB  a  iew  ixn  the  liquid  amnmrfi  a  fine  green 
■d  oe  [Mnioa  td  catfaoute  ctf  nickel  undbsolred 
.  tW  pHslw  dnde  of  green,  whidi  diaiacterizeB  ane- 
xnu  «c  n^ei  nije  iBot<t.  Tlie  Hquid,  wlien  filtered  and 
MSCHSSMed  Tie^  ao  ciTstab,  but  a  yellowisb-gTeen  matter 
»  iepmssei.  lataer  bctky,  and  harii^  a  good  deal  of  chmmi- 
scH.  WVa  ^ied  bv  pfcawre  belreen  folds  (rf'  blotting  paper 
k  W  i^wh'nir  in  water,  bni  a  sliglitlr  acid  taste,  and  reddem 
wceabie  Uaes  po%  etfullT.  Hence  it  is  probably  a  biuane- 
-— ~  M  aic^L  Jndeing  from  the  water  girai  off  wiien  it  w 
Wnted.  in  coBsineou  aie 

^  aaawT  anenie  aeid  14-5 

1  au^  protoxide  of  nickel  4^ 

lOatmsvwer  11-36 


aa-os 

10.  DimrMaiatt  of  mickeL     TUs  salt  ocean  as  a  frequent 
eoati^  so  tbe  arsenielted  nickel  of  Allemont  in  the  depait- 
t  ti  the  Isere  in  Fiance,  sometimes  in  apple-green  cwnpact 
,  and  suuetimes  in  a  greenijb-while  friable  crust.     It  is 
uj^allr  mixed  witk  a  little  aiseniate  of  cobalL     According  to 
tiie  analnts  of  Benhier,  its  constituents  appear  to  be 
1  atom  arsenic  and  .  T-QS 

i  aumos  oxide  of  ni<kel  &•& 

datomiwaieT  5-635 


21-375" 
II.  Borabqfaiciel.  Botax  throws  down  from  nickel  Silti a 
light  a(^e-£reen  powder  insoluble  in  water,  but  soluble  ia 
sulphuric,  nitric  and  muriatic  acids.  It  melts  before  the  bkw^ 
pipe  into  a  hyadnth^ed  glass.  Botudc  add  has  no  actiwi  on 
metallic  nickel. 

I'l.  SeienUe  t^mieket.  The  neutral  salt  is  an  insoloble  pov- 
der,  while  while  mmst;  but  becoming  pale  apple-green  when 
dried.  The  biteienite  is  soluble,  and  gives  a  green  matta 
resemblii^  guntf 

Id.  Jntimtomia^  <^  nicM.  A  greenish-white  powder,  not 
sol  u  Me  in  vater.f 

14.  CTkromate  cf  mickei.     When  solutions  of  chromate  at 

*  Ann.  dc  Hinea.  h-.  412. 

t  BctmKiw,  Aon.  de  Cbm.  et  de  Pfaji.  is.  339.         }  fionUw. 


SALTS  OF  PBOl-OXIDK  OF  NICKEL. 

atasli  and  siil]>)iat«  of  nicitel  are  mixed  logetlier  no  prccipi-    *'*'•'"'■ 

appeura  Bt  firsC,  butare<lduli-brown  powder  gradually  falls, 

'Hie  qiiantiiy  of  whicli  w  iiicreiuiHl  by  con ci' Titrating  the  iujuul. 

'J  liU  dvpusiu*,  wlit'it  wa>ili(*d  ami  dried,  iit  rutht-r  u  i>i-uii[ifitl 

vidiitb-browu  powder,  cbn^itiitc  of  tuste,  uiid  not  nflW'liiitr 

pt^-tablf  bltion,     Tt«  constituents  me 

1  atom  i-liramic  add  .         .         6'5 

I  atom  protoxide  of  aivkcl  .         4-'J5 

4  atoms  n'ster  ...         4-5 


la-2a 
li,  Mulybdaie  ofnicAtfi.     Molybdic  acid  predpitatefl  nitnti* 
'  uidtel  wliile,  provided  there  bi-  no  cxce»«  of  uitric  aci*!." 

Ifl,  (Inifiilr  n/uichrl.     'I'Lis  salt  may  hv  i>bburic<)  by  mixing 

luUuns  of  sulphate  of  nickel  ami  oxalate  of  unniionia  in  tliv 

sic  proportions.     For  some  minutes  tite  liquid  retains  its 

isparency.  but  by  decreet*  it  becomes  opaque,  and  oxalate 

nickel  i^  slowly  depii>it(-d.     Tbi.-o  Mtlt  wlit-ii  well  wit^lied  and 

^dried  ill  tJie  air  is  a  lif^ht  green  powder,  do4(litute  of  laistv,  and 

nsoluble  in  water.     Its  cunstituent«  arc 

1  atom  oxalic  avid  .         .         4-5 

1  mtom  protoxide  of  ojckt-l  .         4*^ 

4  atoms  water  .         .         .         4*& 


13-25 


the  experiments  of  Tiippuli,  it  appean  tluit  wlieii  heated 
lotH-s  the  half  of  its  water.     It  dissolves  in  tlie  mineral  unda, 
hut  is  very  little  iu>luble  in  oxalic  acid. 

17.  Aceitue  Iff'  nitktl.  Carbonate  of  nickel  ilisAolveti  readily 
in  acetic  acid.  'I1ic  saturnled  solution  is  dark  green.  When 
set  aside  it  grsduutly  dcpi>»ite«  aci^tate  of  nickel  in  light  green 
crystals.  'I'bey  arc  rliutnboids  but  the  mU  hai  a  great  ten- 
dency to  concrete  at  the  bottom  of  tlie  vciwel  wilbont  a».tuming 
any  regular  fonn.  This  salt  is  very  solable  in  water,  but  in- 
Soluble  in  absolute  alcohol.  Its  taste  is  at  lirst  sweetish,  but 
it  leaves  an  impression  in  the  mouth  like  tliat  of  sulpitutc  of 
zmc,  but  much  weaker.  When  heated  it  does  not  melt,  but 
givM  out  water  mixmX  witli  a  little  acetic  acid,  and  gradually 
■Ml  I  nil  I  a  yellowish  ^ren  colour.  It  tlien  taken  fin'  and  IninM 
like  tuider,  leaving  oxide  of  nickel.  Tlie  constiluenls  of  this 
■attare 


•  Haidisii,  PhU.  Trww.  1790. 
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1  Btom  aceUc  add    .         .         .  6^i5 

I  atom  protoxide  of  nickel         .  4-25 

5  atoms  water  .         .         .  5*626 


16-125 

IB.  hactatt  of  nickel.  Irregular  emerald^reen  crystal^ 
having  a  taste  at  fiist  sweet,  and  then  metallic.  TheyamtUB 
but  little  water.  When  heated  they  do  not  melt,  but  are  de- 
composed and  bum.  They  are  soluble  in  30  times  their  wei^ 
of  cold  water.* 

19.  Formate  of  nickel.  Green  needles,  which  when  healed 
become  firet  yellow,  then  blacfc-f 

20.  Tartrate  of  nickel.  This  salt  may  be  obtained  by  <&■ 
ftoMng  carbonate  of  nickel  in  tartaric  acid.  AVhen  the  gaa 
coloured  solution  thus  obtained  is  ev^mrated  to  dryncM,  a 
l^ht  olire-green  powder  is  obtained,  which  is  tasteless,  ios^ 
lable  in  water,  and  producing  no  alteration  on  vegetable  Uaea 
It  is  anhydrous,  and  composed  of 

1  atom  tartaric  acid   .         .        .         8*25 
1  atom  protoxifle  of  nickel  .         4-25 


12-5 

21.  Citrate  of  nickel.  Obtained  by  boiling  citric  acid  wi^ 
carbonate  of  nickel.  Greenish  flocks  of  a  weak  metallic  taste, 
soluble  in  the  mineral  acids  and  in  citric  add.^ 

22.  Pyromucate  of  nickel.  Fjrromucate  of  soda  precipititM 
nitrate  of  nickel  apple-green.§ 

23.  Succinate  of  nickeL  Succinate  of  soda  throws  down  ni- 
tiate  of  nickel  apple-green.  || 

24.  Bemoate  of  nickeL  A  green  coloured  salt,  whidi  dofl 
not  crystallize,  but  may  be  obtained  in  plates.  It  redden  lit- 
mus  paper,  is  soluble  in  water,  and  also  in  alcoboL^  B«ii>- 
ate  of  ammonia  does  not  precipitate  nitrate  of  nidcel.** 

35.  Oleate  (^nickel.  It  is  obtained  when  hot  soladont  tf 
oleate  of  potash  and  sulphate  of  nickel  are  mixed  tt^ther.  U 
separates  rery  slowly  from  the  liquid  in  which  it  is  geneialei 
It  has  a  beautiful  greenish-yellow  colour.f|- 

26.  Pinate  of  nickel.  Itisobtainedbypredpitadngsalplate 
of  nidcel  by  pinate  of  potash.  A  green,  porous,  resinom-lcMb- 
ing  mass.     Its  solution  in  oil  of  turpentine  when  boiled  IilluTI 

•  Braconnot.  t  ArfVedsoD.  J  Tupputi. 

§  Trontmadoif.  |  Ibid.  f  Ibid. 

"•  Hixinftcr.  ft  Cherreul,  sur  les  corps  gru,  p.  96. 
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l>ron-n.  From  lliw  solution  alxiohite  nlooliol  throws  down  n 
brown  tar-looking  matter.  Tlie  «»lt  Hixnolvcs  readily  in  eilior 
and  oil  of  tiirpontin^.  a»il  llii!  .solution  huH  a  f^TCfii  colour.' 

'27.  Jfpnrtale  f/fnkAil,      A  gn-t-n,  brittle  inuttt-r,  wbicli  does 
not  cTj'-itallize.f  fl 

28.  Su/phonap/ifAaintr  o/Hiekri  inny  Iw  obuilncd  by  r)i«solving  H 

ciirhoniitc  nf  nickel  in  nulplionaplithulic  aci<l.     It  lias  a  green  ^| 

colour,  crystiilliM's,  nnd  is  decamposed  by  heat,  like  the  other  H 

[Ipbuiiiiphtk-itates.^  H 

SECTIOK  xxt. — SALTS  Or  PROTOXIDK  OF  fOltAl.T.  H 

T^e  salts  of  cobalt  ehtefly  nitrnetod  tJie  otteiition  of  cbemiats.  ^| 

consequence  of  the  property  which  some  of  them  have  of  H 

riMuiifin;;  their  eoloHr  when  heated,  and  thus  fonninjr  wlint  Iibh  ^ 

^ceivc<l  tho  name  ni  "t/mffitfii-tir  itib;  an  a|>pelUti(m  given  (o 
HI  Itqiiiidi,  tho  I'hniartcrs  formed  by  winch  are  colourless  and 
invisible  when  written  upon  paper,  Iiiit  become  visible  and 
coloured  by  uiidenjoiiig  certain  processes ;  and  likewiitn  to  those 
tiquicU  which  form  charncters  upon  pa]ier  !4UMn^pt!bl«  of  chang- 
ing tlieir  ciibmr  by  eertiiin  processes,  'Pie  sal U  of  cobalt  may 
be  distinjpii-ibed  by  the  folhiwinf;  properties: 

^l.  The  greater  number  nf  tliem  are  Koluble  in  water,  and  the  cnnnnni. 
lution  hiLS  a  reddish  colour,  at  least  when  the  Raits  are  neutraL§ 
2.  The  alkalies,  when  dro]>ped  into  these  sobitions,  occasion 
a  blue-coloured  precipitate.  || 

3.  PruK^iBte  of  potiLvii  occasions  a  light-green  precipitate. 

4.  Hy<trosulphurel  of  potiisli  occasions  n  hliick  pri^;ipitate, 
ttluble  again  if  the  hydrosulpliurcl  be  added  in  excess,     Sul- 

luretled  hydrogen  gns  ocvusious  no  precipitate  in  ihese  solu- 

I.  (lalltc  acid  produces  no  change,  hut  the  tincture  of  ntit- 

I  nn'iLxionK  a  yellowi^h-white  precipitate. 
6.  Hie  nminoniacal  solution  of  oside  of  cobalt  has  the  colour 
'of  port  wine.     It  is  not  immediately  precipitated  by  prussiate 
of  potxsh,  but  after  some  time  a  rcildisb  precipitate  falU. 


■  DnT(Tdoi1«n,  Popgendorf 'b  Aniiulen,  xl.  ?37. 
f  Pliuon,  Ann.  dc  Ctiltn.  et  ile  Phyk  >l.  314^ 
X  Famlay.  Anwd*  of  Philotophj  (Sd  Mfie*),  Xil.  £ia 
$  The  nluiion  ofcdMlt  ta  moriMk  add.  fhm  coinccniratod,  hiu  a  blue 
or  bhiufafreen  colour  w  long  as  lher«  a  an  rxcc**  of  acid. 

I  Wben  the  colwli  in  ronlamtoRlod  with  .tncnic  acid,  or  mhta  It  1*  dis- 
solved in  sncnic  *irid,  thr  prr<i{iitafc  by  slkalics  in  reddiali'brown. 
f  I*r9iMt,  Ana.  dc  Cttiu.  xxxv.  34. 
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""''■         7.  The  salts  of  cobalt  are  not  predpitated  by  bydriodate  of 
zinc 

8.  Cobalt  is  not  precipitated  from  its  sdutiMi  in  aiciib  hij 
aac 

9.  Carbonate  of  ammonia  throws  down  s  red  preofutate, 
which  is  soluble  in  sal  ammoniac. 

10.  The  greater  number  of  the  salts  of  cobalt,  when  melted 
before  the  blow-pipe  with  borax,  form  a  tran^iarent  blue 
coloured  bead. 

1.  Sniphate  of  cobtUt.  This  salt  may  be  obtained  by  dis- 
solvings carbonate  of  cobalt  in  dilute  sulphuric  a^d,  and  cob- 
centrating  the  solution  till  it  deposites  crystals.  Ithasadeep 
carmine-red  colour,  and  crystallizes  in  oblique  rbombic  pnaH, 
having  very  nearly  the  same  shape  as  sulphate  of  iron.  Ihe 
inclination  of  the  base  to  either  »de  of  the  prism  is,  by  Hl 
Brooke's  measurement,  99°  45',  and  that  of  two  contignoa 
facea  o(  the  prism  82°  20'.*  The  crystals  have  a  scKoevInt 
sharp,  bitterish,  and  metalline  laste.  They  are  tranqiaien^ 
but  when  healed  they  give  out  «-ater  and  become  opaque  wilk- 
out  melting.  According  to  Proust,  they  may  be  expoaed  toa 
red  heat  without  losing  their  acid.  They  dissolve  in  24tima 
their  weight  of  cold  water.  In  alcohol  they  are  insolnbk. 
Their  constituents  are  as  follows: 

1  atom  sulphuric  acid       .  5 

1  atom  protoxide  of  cobalt        .         4*25 
7  atoms  water  .         .         .         7-875 


17126 
2.  BitmtpkaU  of  cobaii.  When  sulphate  of  cobalt  is  aj»- 
tallised  in  an  excess  of  acid,  long  four-sided  prisms  are  o^ 
lained,  having  a  red  colour,  and  efflorescing  on  the  wAtt 
without  fidling  to  powder  when  exposed  to  the  air.  They  vc 
composed  of 

2  atoms  sulphuric  acid      .         .       10 

1  atom  protoxide  <tf  cobalt        .         4-25 

3  atiuns  water  .         .        .         3*375 


17*625 
3.  Smbimlpkah  of  cobaU.     Wlien  a  solution  of  sulphate  of 
cobalt  is  mixed  with  a  quantity  of  alhali  insufficient  to  decom- 
pose it  completely,  a  flesh-red  precipitate  bUs,  which  consli- 
tules  a  subaulphiUe  of  cobalt.     It  is  insoluble  in  water.f 
•Annala of  PhiloMf)hj(Sd  serin),?).  ISO.        t  BeruUoi, 


SAtTS  OP  I'ROTOXIDK  or  COBALT. 

4.  lIjipo»tili>hnte  of  cobalt.  This  sail  may  be  obtained  by 
decMnpcwiiijiir  .iiilpliale  of  cobalt  by  meanti  of  bypoxiiliilmK^  of 
barytp*.  The  filtered  liquid  when  coiici'iilnUcfl  yields  iiidi§- 
liiict  cryHlflls  of  liyiH>Mi]|ihitIi>  of  cobidt.  'Hicy  have  u  rose-rod 
eoloiir,  are  very  «i>lu))li!  in  wwtcr,  but  do  not  deliquesce. 
Their  conslituenu  are 

I  atom  Kypo«iilp)iuric  acid         .         0 
I  atom  protoxide  of  cobalt        .         4-*25 
6  atoms  v&ter         ,        .        .        6-75 
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5.  Nitrate  ofmball.  'Diis  salt  is  easily  oblainrd  bydimolv- 
Cfdxilt  or  its  ox>do  in  nitric  acid.  Hie  solution  when  sufli- 
Btly  conornlrsted  deposite-i  crystals  of  nitrate  of  cobalt. 
leae  crystals  have  a  hrownUli-red  colour,  and  arc  very  ill 
defined,  but  »e*m  to  be  rhomboids.  Their  t«»te  is  ncrid  and 
bitter,  and  they  redden  vegetable  blues.  They  dissolve  re.idlly 
in  wvter,  and  deliquesce  rather  rapidly  when  exposed  to  tliu 
air.  When  heated,  they  melt  and  give  out  water,  jinil  when 
the  heat  Is  increased  nitric  aeid  fiimei*  are  ^ven  off,  iiiul  .it  Inst 
a  black  ni»tt«r  {peroxide  of  eohidt)  wuly  remains.  The  goii- 
BtitneiiU  of  this  wdt  nre  as  follows: 
^_  1  atom  nitric  acid  .         6-75 

^V  I  atom  protoxide  of  cubidt  4*35 

^^^K  6  atoms  water  6-76 

*Whc 


17-75 


V'hcn  the  Ary  nitrate  of  colmlt  is  beated  it  becomes  blue,  but 
again  recovers  its  red  colour  when  allowed  to  cool. 
I  6.  VarhomUe  of  cobalt.  I'liis  salt  may  be  obtained  by  prc- 
ripilating  iittnitc  of  cvl^nlt  by  carbonate  of  soda,  washing  tlie 
precipitate,  and  drying  it  on  a  Alter.  It  is  a  light  powder, 
havinjf  a  pink  colour,  and  no  great  <lepth  of  sIukIc.  It  is  lasle- 
les",  insoluble  in  water,  and  not  altered  by  exposure  to  the  air, 
but  soluble  in  the  alkaline  carbonates  when  dissolved  in  water. 
).Ju  constituents  are  m  follows : 

1  atom  rarbonie  acid  .  .  3'75 
I  atom  protoxide  of  cobalt  .  4*35 
I  atom  water  .        •        •        1-125 


812d 
•  Htcfcn,  PWiiiBwIoifi  Aaulaa,  ri.  190. 
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Out  I.  7,  PhosfhaU  of  cobalt.  This  salt  may  be  obtained  by  fi- 
gestin^  carbonate  of  cobalt  in  pbospboric  acid,  and  mixing  tbe 
solution  with  alcohoL  It  is  gelatinous,  and  has  a  fine  crimwa 
colour.  When  dried,  it  concretes  into  a  hard  dark-red  matter, 
which  reddens  vegetable  blues.  Its  constituents  are  probably 
1  atom  phosphoric  acid     .         .         4*5 

1  atom  protoxide  of  cobalt         .         4*25 

2  atoms  water  .         .         .         2*25 


11 

8.  Arseniate  o/cobalL  When  solutions  of  nitrate  of  cobalt 
and  arseniate  of  soda  are  mixed  and  evaporated,  the  atseniate 
of  cobalt  iaib  in  the  state  of  a  crimson  coloured  jelly,  which, 
when  washed  and  dried,  assumes  the  form  of  scales.  It  ii 
light,  and  has  a  fine  crimson  colour.  It  is  tasteless,  and  does 
not  alter  the  colour  of  vegetable  blues. 

This  salt  is  found  native,  sometimes  in  the  state  of  a  fine  red 
efflorescence,  and  sometimes  crystallized  in  small  four-sideil 
prbms  or  tables. 

When  the  arseniate  of  cobalt  is  heated  in  a  glass  tube  it 
becomes  violet,  but  is  not  decomposed,  nor  does  it  tinge  the 
glass  blue.  It  dissolves  in  nitric  acid  without  effervescence. 
When  its  solution  in  muriatic  acid  is  mixed  with  sulphuretted 
hydrogen,  it  does  not  become  turbid  till  it  has  stood  two  boon. 
Potash  precipitates  blue  oxide  of  cobalt,  and  combines  with  the 
acid.* 

The  constituents  of  this  salt  seem  to  be 

1  atom  arsenic  acid  .         ,         7-25 

1  atom  protoxide  of  cobalt         .         4*25 
4  atoms  water  .         .         .         4*5 
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9.  Borate  tf  cobalt.  Boracic  acid  does  not  act  upon  colnlb 
but  it  precipitates  that  metal  from  its  solution  in  other  adds  in 
the  state  of  a  reddish-wliite  powder.  This  borate  is  scarcely 
soluble  iu  water.  When  heated  it  melts  into  a  deep  blue 
glass-t 

10.  Silicate  of  cobalt.  When  a  solution  of  silicate  of  soda  » 
mixed  with  a  solution  of  a  salt  of  cobalt  a  fine  blue  precipitate 
falls,  which  when  dried,  becomes  very  light  coloured.^ 

•  ProuHt,  Ann,  de  Chim.  Ix.  871. 

t  Wefuel's  Vcnrandtachaft,  p.  KaS.  t  Fucfat. 
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SALTS  or  PBOTOXIDE  Or  COUALT. 

1 1.  StUnitt  </  eoball.  1'ti«  neutral  scknite  is  an  lusoluble 
reel  coloured  pnwrier.  'Mie  bisclttiite  loaves  when  eviiporiiti-d 
a  red  licuutiful  Hliiiiin^  viiriiUh.' 

I'J,  AntimoMiufe  lifcoiialt,  TbiasaltUobtainrd  by  dropping 
&ntitnouiut«  of  potaah  into  a  »alt  of  cuUdt.  It  k  a  red  coloured 
precipitate,  which  gradually  cotitmcU  and  Assumes  the  form  of 
crysluUiiie  i^^raiiis.  It  ift  soliiMe  in  wutcr,  but  not  very  much 
Mh     Accortlin){  to  Berzr'ltu^,  it  Ls  composed  of 

^P     litis  {if  wc  reckon  the  atom  of  antimoiiic  acid  21}  U  equi- 
valent tu 
^_  1       atom  BDtintonic  acid, 

^K  1-36  atom  pniloxidc  of  cobult, 

'  1-2    atom  wiitor. 

'     W1.I.1I  wc  consider  the  true  caii!.titution  to  b« 
^B  I    atom  anlimotiie  itcid    .  itl 

^^  Ij  alou)  protoxidu  uf  cobalt  5-663 

^^1  1    atom  water  1*125 

W     13- 


9S).3t 


I 
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27-793? 

13.  AntimoniU  of  cobalt.  A  bulky  lilac-coloured  precipitate 
having  no  iM|)ect  of  crystallization.  It  is  pretty  soluble  iu 
wattif.     It  coiitttim  'i't  per  cent,  of  u-ater  of  cryslalUzation.^ 

14.  CAromafe  <^iijt>alt.     This  Stdt  in  obtained  by  mixing  t4>> 

?-thvr  Eolutious  of  chromute  of  potU}>b  nnd  nitrate  of  eoliEilt. 
ho  chrotnale  gradually  falls  down  in  the  »talc  of  u  reddish- 
brown  coloured  powder.  It  has  uo  ta»tei  and  produces  no 
chaiifre  on  vc|>;v table  bbtes.  I'i'8>j  gniins  of  it  ignited  aiisainetl 
an  olive-green  colour,  und  lost  2-1  gr.  of  weight.  Hence,  I 
couaider  it  as  a  coo  pound  of 

1  atOlD  chromic  actd  ■  ■  6-5 

I  atom  pnitoxiile  of  cobalt         ■         4"2& 
S  atoms  water  ■         •        •         'J'2d 


13 


•  Benclini,  Ann.  An  ChiMi.  et  ile  Phyi.  Ix.  339. 

t  KidwlMiTa  jQuniuJ,  xxxr.  4?.  t  Bericlitii,  ibiiL  W. 
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15.  Mo/yb^b  of  cobalt     A  iiFtf-yeOow  powder,  saNimiiig 
~  a  red  cidoar  vhea  dried,  and  Aecampoaed  both  by  Mills  and 

alkalies.* 

16.  OaaUate  if  cobalt.  It  may  be  obtained  by  mixing  toge- 
ther aolntions  of  niliate  of  cobalt  and  oxalate  ot  airnnonb. 
The  precipilate  may  be  collected  on  a  filter,  well  washed  md 
dried  in  the  open  air.  It  is  a  l^t  red  powder,  destitute  of 
taste,  insoluble  in  water,  and  incapable  ot  alteting  the  eoknr 
of  TcgetaUe  blues.     Its  ooDStitDenIs  are 

1  abHB  oxalic  acid    .  '      .         .         4*5 

1  atom  protoxide  of  cobalt  4-S5 

2  atoms  water  .         .         .         2-25 
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It  scarcely  diasolres  in  oxalic  add. 

17.  jinta/e  <f  cobalt.  Acetic  waA  dissolves  the  oxide  if 
cobalt  with  facility.  Tlie  solution  does  not  crystBlliM ;  sad 
when  evaporated  to  dryness,  soon  deliquesces  again.  It  hiia 
fine  red  c<4our  while  cold,  but  becomes  blue  when  healedt 
This  solution  forms  a  sj-mpathelic  ink:  the  characteis  dim 
in  it  are  nearly  colourless,  ot  l^t  red  while  cold,  bntbccvae 
blue  when  heated.^ 

\%.  Laita^<fcob(dL  LacticacidreadilydiaBolTestbepnitai- 
ideofcobalt-  ThesolutionisredjandwhenerBporateddepaiiU* 
crystalline  crusts.  The  crystalline  grains  do  not  apfox  to 
contain  any  water  of  crj-stallixation.  They  diasolre  in  8S 
times  their  weight  of  water  at  70°.  \Vhen  heated  they  doMt 
mett  but  become  black,  take  fire,  and  leave  oxide  of  cobtltf 

19.  Formate  tfcabak.  Rose-red  indisdnct  crystals.  Wha 
heated  ihey  become  first  blue,  then  black.  They  diasoire  wiA 
difficulty  in  water,  and  not  at  all  in  alcohoL| 

20.  Tartrate  (f  cobati.  ^'hcn  solution  of  tartaric  moi  > 
digested  over  protoxide  of  cobalt,  a  fine  crimson  sdulion  i 
obtained,  which  when  concentrated,  lets  bUaprecipitate,faamg 
a  most  beautiiiil  crimson  colour.  Hiis  preapitate,  whifi  ii 
tartrate  of  cobalt,  is  slightly  soluble  in  water,  it  has  litde  tf 
no  taste,  but  it  reddens  r^etablc  blues.     Its  constituents  lie 


•  Bendiu*.  t  Wenjd'i  VerwwidtadiJl,  p.  15a 

I  lalcnMD,  Crell's  .Kataia,  1785,  iL  25. 
S  Braconnot,  Ann.  6e  Chim.  Ixxsri  69. 
I  Arfttdaoo. 
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I  ntom  tartaric  octi]  .        .  S^5  *«<-  xxii. 

1  utom  protoxide  of  cobalt         .         .  4-25 

2  atoms  n'ater  .         .  2-25 

14*75 

31,  Smvinatf  t^colndt.  SurciiiAt*  of  80<)s  when  dropt  into 
a  CMicriilratisl  soliilioii  of  sulphate  of  cobalt,  thrown  ilowii  a 
light  ml  i>ri'cipitato. 

'2".'.  licHZoate  qf  cnbait.  Th?  Eitlts  of  cobalt  arc  not  precipi- 
taXvA  hy  bcnzonte  of  ammonia  or  of  potash.  Accoixling  to 
Tromsdorf,  b^nxoic  acid  disfiolve«  a  very  little  of  the  carbonate 
of  cobalt     The  solution  crystallizes  like  llie  pure  acid. 

23.  Olmle  oftxit>a!t.  This  may  be  obtained  by  mixing  hot 
*olutioti«  of  oU>at«  of  pota^li  aint  nulphHtc  of  coltalt  titgetlier. 
Tbe  soap  take*  u  Ion);  time  to  sc|>iirate  from  tlie  liquid  in  which 
ft  b  formed.  Its  colour  is  green isli- blue  at  first ;  Itui  it  gra- 
dually becomes  green.  But  Chevreul  iit  of  opinion  tlial  tlie 
true  colour  of  this  »oap  is  bhe.* 

24.  Pinalf  oftxAait.     Wlicii  nitrutc  of  cobalt  is  mixed  with 
linato  of  potash,  a  blue  [ircci|)iCMle  fulls,  which  may  be  iigglu- 

led  by  heat     It  dissolves  in  ether  with  a  blue  colour.f 


aKCTION  XXII. — SALTS  OF  OXJUK  OF  ZINC 

Alnott  all  the  acids  act  with  energy  on  zinc,  in  consequencf 
tli«  ttrong  affinity  wliicli  it  has  for  oxygen.  Tlie  Milts  of 
]ne^  therefore,  arc  very  easily  formed;  and  as  the  metal  forme 
l]y  one  oxide,  they  are  not  liable  to  change  tlieir  state,  like 
le  Mili^  (if  in>n  and  tin.  They  may  be  dtstingiiifthed  by  tlie 
Uowing  propcrlicii : 

1.  The  greater  number  of  iliem  arc  »o1ublc  in  water,  and  chnvtm. 
le  solution  is  colourlem  am)  imnopnrenL 

2.  Pruiwiiite  of  pota&li  ocrasion;  a  white  gelatinous  preoipi- 
it#  when  dro{>pcd  into  tliesc  solutions. 

9.  Hydrosulphuret  of  potasli  and  sulphuretted  hydrogen  gas 
ecuion  a  while  precipitate. 

4.  (talltc  acid  and  the  iiifuoiini  of  nut^lU  occasion  no  prc- 
pitAtc  when  dropped  into  these  solutions. 

5.  Potaih  occasions  a  white  gebtinous  precipitate,  which  ii 
rea<ttly  dUsolvcd  by  ■ulphiiric  or  murintic  ncid,  and  by  an  excewt 
of  potash.     Ammonia  beluivvs  in  the  «ine  munnt-r. 

"  8ur  l«  coqM  grti,  p.  M. 

f  llnTerdorben.  I'oggendorPs  Annalen,  li.  SS5. 
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(I.  Zine  iti  not  precjpitated  in  tbe  metallic  foirn  by  uiyof 
the  otitic  mcbils. 

7.  Su!phocyaaat«  of  potiish  and  hjrdriodatc  of  pota&h  ona> 
tatm  wliite  precipitates  when  dropped  into  a  solution  of  a  nli 
of  zinc. 

8.  Car1>on«tc  of  potash  tlirows  down  a  white  precipitate,  not 
•oiuble  in  an  excess  of  Uic  carbonate.  But  it  may  be  dissoli^ 
by  potash  or  ammonia. 

9.  When  a  zinc  salt  is  heated  before  the  blow-pipe  on  char- 
coal, nAcr  the  acid  is  destroyed  or  dissipated,  the  remuning 
oxide  of  zinc  bciiiK  rediuW,  gives  out  a  britlhuit  li^ht,  and  is 
gnuliialty  dissipated  before  the  rcditilni;  flitme,  n  wbito  m|)o«T 
condensing  at  the  same  time  on  the  suriace  of  tbe  clmrcouL 

I.  Sulphair.o/zme.  This  salt,  according  to  the  best  aocoutt) 
was  discovered  at  !tamt*Uber|^,  in  Germany,  about  the  niiUIr 
of  tJio  16th  century.  Many  nscribc  the  invention  to  JulJt^ 
Duke  of  llruQswick.  Ilenkel  and  Neumann  were  the  fint 
diemivtH  who  proved  tltat  it  contained  zinc;  and  Braitdtfint 
ascertained  its  composition  completely.*  ItU  ^nemlly  formed 
for  commercial  purposes  from  8idphurette<l  zinc,  or  blende,  u 
it  \%  called  by  mineralo^sts.  This  ore  is  roasted,  which  «a- 
rerts  the  sulphur  into  an  acid;  it  U  then  dUsoIveil  in  wvtvr, 
and  conceDtmtcd  so  much  tlint,  on  cooling,  it  crystallizes  very 
npidly  and  forms  a  mow  not  unlike  [oaf-stifriir.  This  mlt  ii 
usually  called  white  vitriol.  It  is  almost  always  eontamimttd 
with  iron,  and  often  with  copper  and  lead.  Ilence  the  yelk* 
spots  which  are  visible  on  it,  and  hence  ahw  tlie  reason  thai  ki 
solution  in  water  lets  fall  n  dirty  brown  sediment ;  a  circ«B> 
stance  very  much  oompluincd  of  by  surgeons  when  they  ok 
tluit  solution  in  medicine.  It  may  be  easily  purified  by  &- 
solviufT  it  in  water,  and  putting  into  the  solution  a  quantity  of 
zinc  tilings ;  titking  care  to  agitate  it  ocensionolly.  Tbe  cdc 
precipitstcs  the  foreign  metals,  and  t^i-^  (ticir  pbicei  11it 
Boludon  is  then  to  be  filtered,  and  the  sulphate  of  zinc  may  be 
obtained  from  it  in  crystals  by  proper  evuporation. 

'Ilic  crystals  are  right  rhombic  prisms  deviating  very  Ihlle 
from  reetangutar,  for  the  inclination  of  the  twoeoniiguousCuH 
of  tbe  prism  is  9P  7'.     The  lateral  edges  of  the  prigni  sr*| 
often  replaced  by  tangent  planes,  and  the  crystals  often  t«niu>j 
iwtc  In  pyraniidul  Kuinm!lK.f     The  shape  ispreciM-ly  tbei 

*  Bcckmaii'*  Hittoiy  of  Inventions,  ul.  Ziw, 
t  Sep  ilie  ni((Murfan«Dt  by  Brooke,  Aensb  o(  PhikMophy  (2d  («Mi^ 
V).  437. 
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s  tbul  of  ibe  rhombic  priMn«  of  sitlpluttv  of  nicki'l.  Tlie  cry*- 
tuU  are  large  aitd  trnnspiirciit,  oiid  colourless,  tfary  redden  veg;e- 
table  bliira,  and  luivc  a  peculiar  und  very  disagreeable  metalline 
taste.  ITio  specific  gravity  wlieii  ctyatallized  is,  by  oiy  expt-- 
rimiMits,  I-ysO.  At  the  temperature  of  60"  100  grains  witer 
dissolve  93-88  graiiw  of  tlie  vryHbil.  lioiling  water  diai^olvcs 
any  quantity  wlia(4-ver.  \Micn  hvatcd,  it  melts  and  speedily 
liMcs  it«  Wilier  of  cr}'§lallization,  and,  in  a  high  temperature, 
^loacs  port  of  Ita  acid.  I'he  constituentA  of  tJiissalt  are 
^V  I  atom  sulphuric  acid  5 

^H  1  atom  oxide  of  nine  5-25 

^^r^       7  atoms  water  7-675 

W^  18-125 

^PWken  the  solution  of  this  ndt  is  too  much  concentrated  it 
deposites  on  cooling  a  white  solid  crust,  not  so  soluble  in  water 

II  the  crystals,  and  composed  of 
1  atom  fttitphuric  actd  .         .  6 

I  atom  oxide  of  zinc  •         .  6-35 

3  atoms  n-ater  .         .  3-376 

13-625 
When  thb  salt  is  strongly  heated  it  loses  the  whole  of  its 
cid  and  water,  and  the  oxide  of  zijic  remains  beliind  in  a  state 
f  pnrity.     Prolsibly  pure  swlphurie  add  might  he  easily  ob- 
tined  by  di>itilliiig  tliis  salt.      For  it  ports  witli  iho  whole  of 
{In  water  before  the  acid  begins  to  separate, 

2.  Trit-iulpiuitf  (ffzinc.  When  the  preceding  salt  is  boiled 
witli  zinc  or  iiH  oxtdo,  or  when  a  quantity  of  potash  is  added 
to  the  solution,  not  sufficient  to  decomjiose  the  whole  salt,  in 
either  case,  white  scales  are  obtained  having  considerable  lustre, 
very  Dttte  soluble  in  hot,  and  not  at  all  in  cold  water.  Hiesc 
iicaics,  according  lo  ^''oBel,  arc  composed  of 

tl  atom  sulphuric  acid         .         .  5 

3  atoms  oxide  of  zinc  .  .  1 5-75 
20-75 
&  Sidph^  oftmc.  Sulphurous  acid  dissolves  the  oxide  of 
nc  with  the  evolution  of  heal,  but  without  effervescence, 
he  solution  yields  cryKUiU  of  sulphite  of  zinc.  These  crys- 
lab  Inve  a  less  acrid,  but  more  styptic  taste  Uian  tlie  fotloH-ing 
species.  They  are  less  soluble  in  water,  and  mor\-  easily  crys- 
tallized.    They  are  insoluble  in  alcohol.     When  exposed  to 
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<***•     Ag  vr  An-  an  rerr  aooo  dmggJ  into  i«T|ihiti    of  me; 

4.  Srfw^it'  ofzimt.  ^llira  a  canvat  of  ■a^nroatHtd 
M  pM^Fil  iluiNiek  vuer,  caauining  fagiueHtt  of  nnc^  the  peld 
H  gntfaaUr  divolred  without  tffentaeeaee,  VTWn  dietobr 
Doa  »  enponied  it  beconm  thkk  like  koney,  and  depoBlB 
lan^  licudo'  ontab  in  tke  fonn  of  foar-aded  primal,  tcnar 
■aud  br  fenr-sded  pyraaoids.  Tlwse  are  oyttak  of  aAhI- 
ptHe  of  zimc,  TWt  are  siduble  in  vater  and  in  aleoU 
Whm  exposed  to  the  air  tber  beeooe  viiite,  and  depodle  i 
wUie  tHH^iUe  powder.  Before  the  bior-p^  the  nit  mrri^ 
caia  a  bnUant  Ueht.  and  forms  dendritical  ramificatioM. 
"When  diaiOed.  it  yiekk  water,  salphurooa  acid,  solphnrie  widt 
and  anlphnr :  and  there  renudn  behind,  oxide  of  zinc  and  t 
fittle  salphaie  <^  thai  mebL  Solphnric,  nitric,  and  murialie 
aeidt.  when  poored  into  its  sdntioo  in  water,  drive  off  Bulpbor- 
oos  acid,  while  a  quantity  of  snlpliur  fweeipitates.  The  theaiy 
of  the  foranuion  of  this  salt  is  obriona.  The  snlpharoos  aoi 
gires  out  haV  of  its  oxygen  to  oxidize  the  zinc  So  that  Ae 
nh  (abstraetii^  the  water)  is  a  conipoand  of 

1  atom  sobsolphnioiis  add  .         3 

1  aioo  (aide  of  zinc  5-25 


8-25 
5.  Hppotwipkate  <^zac.  Obtained  by  mixing  solutiom  (f 
hypoeolpbate  of  barbies,  and  sulphate  of  zinc.  The  filtered 
solution,  when  concentrated,  depoates  irregular  cr)-st>]s  d 
hyporalphale  of  zina  They  are  not  altered  by  exposoic  to 
^  air :  their  taste  is  rery  hanh  and  disagreeable,  and  de; 
aiv  Terr  soluble  in  water.  Their  constituents,  accoidii^  to 
the  analyvs  of  Heeren,  are  as  follows: 

1  atom  hyposnlphuric  add         .  9 

1  atmn  oxide  of  zinc  .         .  5-25 

6  atoms  water  .  6-75 


21* 
6.  Xitrate  i^^me.  Nitric  add  attacks  zinc  with  prodig^ 
violence,  and  has  been  said  even  to  inflame  it.  It  la  neceaWf 
to  moderate  its  action  by  using  it  in  8  diluted  state :  even  tktf 
cwisiderable  heat  is  evolved,  and  a  strong  effervescence  is  occtr 
sioned  by  the  escape  of  nitrous  oxide  gas, 

•  pJC^gfJofT*  AnadcD.  n.  IBS. 
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llie  solution  m  transparent  snd  colourless,  very  caustie,  And  Si«t  xxil_ 
yteldx  by  evaporation  flat  striutvd  totnilicdral  priwafl,  termi- 
nat^'d  by  foui^Htdcd  pyramids.  'I'lio  spcfific  priivity  of  th«^%e 
crj'staLs  i<i  2-096.*  They  attract  moisture  very  rapidly  M'licn 
exposed  to  tliv  air.  Tbey  are  very  soluble  both  in  u-uter  and 
alcohol.  Wlieii  heated  tliey  niolt  and  detonate  on  burning 
ooaU,  vmittin^  a  ri-d  Hiuiie.  When  di«tilW,  tliey  emit  rvd 
npours  of  nitrous  acid,  un<l  assume  a  gclaUnotts  form.  In  a 
strong  beat  they  are  decomposed  compli'tely,  giving  out  nitrous 
gas  and  oxygi>ii  gas.     The  constituciils  of  tliis  icalt  ure 

1  atom  nitric  add  .         .  6>7S 

1  atom  oxide  of  zinc         .        .  &'25 

6  atoms  water  .       .         .  6-75 


18-75 


^^is  a  w 


Oelaiinitnjie  ^  zinc.  This  salt  may  lie  o!>tained  by 
•vaporating  the  solution  of  the  preceding  suit  nearly  to  dry- 
or  by  pouring  a  small  quantity  of  ammonia  into  it.  It 
Is  a  white  )>owdcr,  insoluble  in  wat?r»  and  composed,  aocord- 
I  itig  to  the  analysis  of  Grouvelle,  of 
H.  Nitric  add  13-75 

H^_  Oxide  of  zinc  81-69 

^^^L^         Waur     .... 

^^^f  loot 

This  eorre*i>ond-t  nearly  witli 

hi  atom  nitric  add     ,         .  6*75 

8  atoms  oxide  of  zinc         .         42 
*1  atoms  water  .        .  9-26 

SI 
1  nc  zinc  is  rather  Xvs-ei  than  8  atoms ;  but  the  defldency  does 
not  amount  to  ^th  atom,  or  one  uxteenth  part  of  the  whole. 

8.  VIdorate  qf  zinc.  This  sidt  nwy  b«  obtained  by  di»< 
•olving  carbonate  of  zinc  in  chloric  add.  The  otrbonic  aeld 
la  dtHengu^-d ;  but  it  ia  difficult  to  saturate  the  chloric  add 
witii  oxide  of  zinc;  1*1111  talt  lia.*)  a  vety  astringent  taste; 
wlivn  irvaporut'-d  to  tlie  consistence  of  a  tynip,  it  crystallizes 
in  low  octahi-drutis.     Its  solution  in  water  dovs  not  precipilats 


*  IlBawnrnili,  Aun.  d«  Clilni.  xxviil.  18. 
t  Ann.  di!  Cl^iii.  e(  dc  Pb^t.  xix.  I3T. 
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°— *-  mtnle  of  sQtct.  Oi  biinui^  eoab  it  fiaes  and  pradaca  a 
ycOov  Ggfct,  bat  does  not  debnate.  '\niai  mixed  with  nl- 
pkoric  add  it  awames  an  onage'^ed  oidoBr,  and  pTodoccs  a 
aUgbt  eierreacmce ;  bat  the  cUorie  add  ia  not  deeonpOMd, 
F«  when  the  tautore  m  dOntal  with  water,  it  does  not  [qeo- 
pitate  —ijJ— *»  of  nlreT.* 

CUorieadJ  ditrJiifi  pnc  wilhoat  eSavtmacBee.  Itwoold 
appear  froa  the  expeiiaienta  of  Vanqoelin  thai  the  acrfatioii  k 
a  aiztare  of  dikmte  of  nneand  chkride  of  nnc  When  a 
camnt  of  ddorine  gas  is  aade  to  pass  tbroi^  water,  hariag 
cathonate  of  linc  diffosed  throng  it,  the  same  two  compoimdi 
appear  to  be  fonned-f 

9.  lodalt  t^  zime.  This  salt  may  be  formed  by  disKdnflg 
carbonate  of  nnc  in  iodic  add.  It  may  be  procured  also  hj 
Mrring  with  a  sdoble  iodate  a  solntion  of  sulphate  a£  sine,  not 
too  modi  coocentiated.  After  an  intemtl  t^  some  hoiua  (be 
iadate  of  noc  [nedpitates  in  q)heneal  giainiL  This  salt  ia  bat 
fittle  solnUe  in  water.  It  deflorate*  aa  coab,  bntmnchnoe 
fceUy  tlnn  iocbte  oi  potash.; 

IOl  Curfanate  tfzime.  't\aa  salt  may  be  obtained  by  not- 
ing solntitna  of  solpbate  lA  sine  and  carbonate  tif  aoda  in  As 
atomic  proportiana.  It  is  a  fine,  white,  tasteless  powikri 
insidable  in  water,  bat  soloble  with  efferresoence  in  aadl 
Mlken  simply  dried  by  ezposDie  to  the  air,  its  i  iiiiiitiluLiirt. 
aecoidiiy  to  the  analysis  c^  SmithsMi,  are 

1  atom  caibtaiic  acid  .         9*75 

1  atom  oxide  of  sioc  .         5-25 

3  atoms  water  .         8-375 


11-375 


This  salt  ocean  native,  and  was  confiianded  by  the  oUcr 
mineialogists  with  serenl  otiker  q>ecses^  nnder  the  name  cf 
ra&annir.  It  occurs  crystallised  in  obtuse  rluHnboids^  octahe- 
drons, and  four^ided  prisms,  and  is  anhydroos. 

1 1.  Diearbomate  ofzimc  When  sulphate  of  zinc  is  pieapi- 
tated  by  a  scrfution  of  sesqoicarbonate  of  soda,  little  or  no 
eSerrescence  takes  place.  Tie  predpilate  is  white,  and  ia  I 
Tery  minnte  state  of  dinsiMi.  Its  coustitnenta,  accordiif  to 
the  analyan  of  Boasringal^  are 

*  Vauqncfin,  Ana.  de  Omn.  xct.  1 16.  f  Ibid. 

)  Oay-T.uwac,  Aa&  de  CInn.  act  Sfik 


Tbu  is  nearly  equivalent  to 

I    atom  cArboriic  aci*! 

K3    atoms  oxidu  of  zinc 
r  I  a  ittoin  water 

I  a  Hj/dmrn  dicarbortate  qf  zinc, 
will  is  cuoipMHicl  of 

1  atom  carbonic  acid 

2  atomti  oxide  of  liiic 
'2  atoms  water 


i-76 
lOiS 

I-687S 

14-9.*175 
'I'liU  salt  occurs  native* 

2-75 
I0'50 

3-25 


15-5 
1.1,  PhiajiKatt  of  zinc.  When  caTlionnt«>  of  xine  is  intro- 
into  pliosplioric  acid  it  U  diiisolvcd  witli  uficrvt-.tccticc, 
ia  biphosjilinte  of  iwc  formed  lut  wlien  tlic  metal  is  em- 
ployed. But  if  v/v  boil  the  liquid  over  carboiiutv  of  uim-,  after 
it  refiiM;A  to  takv  up  any  more  in  tlie  cold,  the  wliole  is  gradu- 
ally cvnrerted  into  a  tough  magma,  wfaicb  liecomes  rcry  hard 
when  cold.  It  Aoficns  wli<.-it  heated,  and,  if  we  urge  the  fire, 
abundance  of  nitroiu  gas  is  given  out  The  subsUuici?  tlius 
obtained  is  a  pbosphato  of  zinc.  It  U  a  tasteless  white  matter, 
insoluble  in  water.  Before  the  bhtw-pipe  it  readily  melts 
into  a  transparent  colourless  ghtss.  PliosjtluUc  of  xtnc  is  com- 
posed of 

^L  1  atom  phosphoric  add 

^K|^^H         1  atom  oxide  of  zinc 


450 
5-25 

9-75 


4.  Suli*f»qui}iho»phatr  of  zinr.  When  solutions  of  plioa* 
phstc  of  soda  and  sulpliatc  of  zinc  ar«  mixed  together,  llie 
liquid  becomes  add,  and  a  white  powder  falls.  It  is  iastcl(!M, 
InHoIuhle  in  water,  and  fuses  easily  into  a  coloiu'leas  glass. 
When  Uiia  suit  is  dried  by  simple  exposure  to  the  air,  its  oon- 
■tituents  are 


*  Ann.  lie  Cbin.  et  de  Ftiji.  xtix.  tti. 
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1    atom  phosphoric  acid    .  4*5 

1^  atom  oxide  of  zinc        .  7-875 

3    atoms  water  .         .  3*875 


15-75 

15.  Biphosphate  ofziac.  When  carbonate  of  nnc  is  dii- 
solred  in  an  excess  of  phosphoric  acid,  and  the  solution  era- 
porated,  a  gum-like  mass  ia  obtuned,  solable  in  water,  and 
easily  meldog  into  a  transparent,  colourless  glan.* 

16.  Subsesquiaraaiiaie  of  zinc.  When  sulphate  of  cine  and 
arseniate  of  soda  are  mixed  together,  the  liquid  becomes  aai, 
while  a  transparent,  gelatinous  precipitate  &Ils.  When  dried 
in  the  open  air,  it  assumes  the  appearance  of  enamel.  It  ii 
tasteless,  insoluble  in  water,  and  does  not  affect  Testable 
blues.     Its  constituents  are 

1    atom  arsenic  acid  .         7*25 

1^  atom  oxide  of  zinc        .         7*875 
9    atoms  water         .        .       10-125 


25-25 

17.  BinarseniaU  of  zinc.  When  zinc  or  its  oxide  is  dii- 
solved  in  an  excess  of  arsenic  acid,  the  solution,  when  concen- 
trated, yields  cubic  crystals  of  binarscniate  of  zinc. 

18.  Borate  (fzinc,  Boracic  acid  scarcely  attacks  zinc;  biU 
it  combines  with  its  oxide,  and  forms  with  it  an  insoloble 
bor<Ue  of  zinc.  This  salt  may  be  precipitated  in  a  white  por- 
der,  by  pouring  borate  of  soda  into  the  nitrate  or  muriate  rf 
zinc;  or  by  mixing  boracic  acid  with  liquid  sulphate  of  vac 
When  strongly  heated,  this  borate  becomes  yellow,  and  it  it 
last  converted  into  an  opaque  slag-f- 

19.  SUictUe  of  zinc.  This  salt  occurs  native,  and  is  known 
by  the  name  of  electric  calamine.  It  is  white,  tasteless,  tai 
insoluble  in  water,  and  crystallized  in  right  rhombic  prisan, 
uhose  feces  are  inclined  to  each  other  at  angles  of  102°  3S. 
Its  constituents  are 

1  atom  silica      ...         2 
1  atom  oxide  of  zinc  .         5*25 


7-25 
20.  Selenite  qf  zinc.     The  neutral  salt  is  a  crystalline  p«r- 
der,  insoluble  in  water.     When  heated,  it  pres  out  ita  wattr 

■  Wenze).  t  WensBTs  Venrandtsdnft,  p.  S51. 
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of  combitiatioii.  It  ihoii  melts  Biti)  becomes  yellow  itad  Irans- 
lurciit.  I}ut  on  cooling  it  KStimes  ita  white  colour.  Itx 
Hurfactr  ami  ftscUirr  are  rr)-»lalline.  At  n  white  lieat  it  lets  a 
portiou  of  its  acid  e§cape,  and  h  coRvcrU'd  into  it  siibseleDtte^ 

Ivhicli  undergoes  no  Ikrtlicr  nitemtion  from  tlic  fire  i 

The  biselenitc  is  very  soluble  in  n*atcr ;  wWn  eraporntetl, 
It  leaves  u  (nnsparent  inattcr  liltp  giim.* 
SI.   Antimoniate  of  zinc,     'I'bis  sjilr,  \^  olitained  when  anti- 
moiiiate  of  potash  is  dropped  into  a  .suliitioti  of  ti\d])hate  of 
gnnc     It  U  a  while  powder,  having  ii  crvM»lline  uppoarance 
Hfurhcn  dried.    It  in  Mtluble  to  a  vorlain  (b'grcc  in  whUt.    When 
Bli«Atud,  it  given  out  iu  wiiter  of  crystal  ligation,  anil  becomes 
yellow.     It  is  not  r(iduc<>d  by  the  blow-pipe  upon  eluLrcuaL-t- 
•2'2.    IVJiaralt:  uf  zinc.     A  white  inj^oltible  powder, 
*i^  Dirfinimate  ofzitir.     ThU  »ult  ii*  obtained  when  solu- 
.  of  Huljihatc  of  xiiic  and  chromate  of  potash  ari*  tnixcil  in 
'  the  atomic  proportions.     It  fulU  in  tlie  state  of  a  line  yellow 
powdtir:  slightly  soluble  in  water.     It  is  an  anliydroux  salt, 
eompoivd  of 
^^^v  1  atom  chromic  acid  6*5 

^^^^^         '2  atum»  oxide  of  icinc  10-5 

W    The  I 


SMI.XXU. 


17 


The  resulting  compounds,  when  cbromau-  of  potash  and 
snlpliale  of  zinc  arc  mixed,  are  curious.  Let  us  »iupposc  16 
atoms  of  each  of  these  salts  mixed.  The  five  following  new 
salts  arc  produced : 

|l.  0  atotofl  dicliromate  of  nine 
&  atoms  bichromate  of  potash 


[8.  4  atoms  potn&li-sulphate  of  zinc 
4.  (>  atoms  sulphate  of  poIaMh 


C  6  atom!*  chromic  acid, 
\  V2  atoms  o.xide  of  sine. 
C  10  atoms  chromic  acid, 
\_   fi  atoms  potasb. 

8  atoms  sulphuric  acid, 

4  ntom<t  potash, 

4  atoms  oxiile  of  zinc. 


1 

C    ti  atoms  Aulphuric  add, 

\   ft  atoinn  potiksh, 

, ,    ,  ,  ,  ,  C    'J  atoms  sulphuric  add, 

,  6.  I  atom  bisulphate  of  potash  ^    ,  ^,^^   ^^^^^ 

All  of  these  silts  may  he  easily  obtainetl  by  cry*ialli/ing  Ui« 
liquid,  except  the  last,  which,  from  its  small  quaiilily,  could 
\  not  be  recognised. 

•  Denetiui,  Ann.  dc  Ctiim.  ot  il*  Phj*.  ix.  «4, 
t  Ibid,  Nicbobon'*  Joiimnl, «"».  ♦«. 
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24.  Molybdate  <^  zinc.  Obtained  by  mixing  Kdntiom  of 
molybdate  of  ammonia  and  sulphate  cf  zinc.  A  yetlowiik- 
wUte  powder,  not  easily  diasolred  in  water,  but  aolnble  in  the 
strong  mineral  acids.  According  to  the  analysia  of  Biandea, 
it  is  composed  of 

1  atom  molybdic  add  .         9 

1  atom  oxide  of  zinc  .         6*25 


14-25 


25.  Tva^tltait  of  zinc    A  wMte  powder,  insdnbie  in  water. 

26.  OxaiaU  qf  zinc.  This  salt  may  be  foimed  by  nuiiif 
togeUier  solutions  of  oxalate  of  ammonia  and  sulphate  <rf  sne 
in  the  atomic  proportions.  For  a  few  seconds  the  miztan 
continues  transparent,  but  it  gndnally  becomes  muddy,  wai 
depoedtes  oxalate  of  zinc  in  abundance.  It  is  a  white^  tMte- 
less  powder,  iiuolable  in  water,  but  soluble  in  muriatic  and 
and  ammonia.  According  to  Dulong,  it  loses  all  its  water  ri 
212°,  and  when  heated  more  strongly,  alt  the  acid  is  dtina 
off,  and  the  oxide  of  zinc  remains.     Its  constituents  are 

1  atom  oxalic  acid      .        .        4-6 

1  atom  oxide  of  zinc  .        &'25 

2  atoms  water  .         .         2-25 


12 

27.  jlcetate  of  zinc.  Acetic  add  readily  dissolres  nnc,aBd 
yields  by  ev^raration  crystals  of  acetate  ef 
zinc,  whicii  were  first  mentioned  by  Glaaber. 
This  salt  has  a  bitter  metallic  taste.  IV 
crystals  are  thin,  talcy  plates,  vith'a  mScf 
.  lustre.  They  are  rhomboidal,  and,  acoori- 
ing  to  Mr.  Brooke,*  the  primary  tona  is  n 
oblique  rhombic  prism,  as  represented  in  Ae 
margin.  The  measurements  of  whifh  an 
as  follows : 
FonMorM'  .         112°  Sff 


M  on  M' 

67   24 

PonA             . 

133  30 

P  on  c 

100   00 

P  on  c* 

80    00 

P  on  g  or  g'     . 

75   80 

This  salt  i*  rery  soluble  in  water 

When  thn 

Aniuli  of  Ptuloioph}'  (Sd  Mriei],  ti.  39. 
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it  biiriis  with  a  blue  flame.     When  <li9lit)e<l,  it  yields 
water,  an  inflummiible  liquid,  uiul  soin«  oil,  aiul  townrds  the 
end  of  the  proc(««  oxide  of  zinc  suhliincti.*     It  i«  apt  to  lose  a 
tittle  of  its  acid  \>y  keeping.     Its  coiiatitucnbi  arc  as  follows: 
^b  I  atom  acetic  acid  6*35 

^^^B  5  atom  oxide  of  zinc  5*25 

^^^L^         7  atoms  H-atcr  7-675 

^^^V  1&-375 

H     26.  Lactate  c^  zitK.     l.ACtic  acid  dissolves  zinc  with  efTcr- 

Bveaceuce,  and  the  salt  formed  is  ciLpabIc  ofcryataH!zing.|    The 

KaTStals  have  the  (iguro  of  four-eidvd  prisms,  terminated  by 

oblique  summita.     At  tlie  temperature  of  70^  they  dissolve  ia 

50  times  tlteir  weight  of  water,  and  they  are  more  soluble  in 

bboilinkr  Wiiler.J 
29.  Formate  iffzitic,  Tim  8ult  may  be  obtainoi)  by  dissolv- 
ing zinc  in  formicncid.  It  crystal  iizcs  in  colourlcws  transparent 
cubes,  soluble  at  CO"  in  t24  times  its  li'eiglit  of  water,  and  Is 
BolnbU-  in  nlcoliol.  W'hen  heated,  it  swells,  then  fuses,  giving 
out  fetid  ri^ur^,  and  leaving  uxidc  of  xinc.  It*  constituents, 
according  to  the  analysis  of  Giibcl,  arc  as  follows : 
^L  1  atom  formic  acid    .  4*<>'2i> 

^^^^  1  atom  oxide  of  zinc  5-25 

^^^fc  2  atoms  water  2-2A 

^^^^F  12125 

■    SO.  Tartrate  <^xiiK.    Tartaric  add  attacks  zinc  widi  cffer^ 
Tcacenoe,  and  forms  tvith  it  a  salt  difficultly  soluble  in  water.$ 
It  b  a  white,  tasteless  powder  like  chalk,  which  is  anhydrous 
nd  composed  of 

1  atom  taxtaric  acid         .        8^5 
1  atom  oxide  of  ziiic       .        5'25 


OM 


■  MooMt. 

I  Bnwoonot,  Ann.  da  Chini.  IxxxtL  91. 

{  Dk|oQ  Academiciias. 


t  8cboclc,n.  aA. 
I  Walchner. 
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31.  Vinaie  qf  zinc.     The  aqueous  aolution  of  vinic  ucid 

'diwolves  zinc  readily  with  tlie  rvulutlon   of  hydrogen  gaa. 

[The  vinate  of  zinc  is  gradually  deposited  in  white  needlet. 

[The  aolatioo,   when   concentrated,  depositea  more  of  tliese 

needles.     Thb  salt  fuses  easily  when  heated.  || 

S3.  Citrate  qf  xutc     Citric  iu:id  attacks  zinc  witli  cfferre»- 
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ceace,  and  gradually  depositea  bhikII  brilliant  crystals  of  dtnte 
of  zioc.  They  are  insoluble  in  wster,  and  have  a  Btyptic  sod 
metallic  taste. 

33.  Malate  of  zinc  crystallizes  in  right  four^ided  prism, 
which  redden  litmus  p^)er.  It  dissolves  in  55  times  its  weight 
of  cold  water,  and  in  10  times  its  weight  of  boiling  water.  If 
we  reckon  the  atomic  -weight  of  malic  add  9*5,  this  sal^  ac- 
cording to  the  analysis  of  Braconnot,  is  composed  of 
1    atom  malic  acid  .         9'Ji 

1    atom  oxide  of  zinc      .         5*25 
1^  atom  water         .         .         1-6875 


16-4375 

34.  Fungate  ofziftc.  It  crystallizes  in  parallelopipeds,  is  mo- 
derately soluble  in  water,  and  is  decomposed  by  heat  without 
swelling  up.* 

35.  Pyromucate  of  zinc.  It  may  be  obtained  by  dissoliing 
zinc  in  pyromucic  acid.  It  does  not  crystallize,  bnt  may  be 
obtained  by  evaporation  in  a  solid  mass-t 

36.  SvccinaU  of  zinc.  Succinic  acid  dissolves  zinc  viA 
effervescence,  and  the  solution  yields  long  slender  foliated 
crystals,  the  properties  of  which  have  not  been  examidedj 
The  salts  of  zinc  are  not  precipitated  by  succinate  of  soda. 

37.  Benzoate  of  zinc.  Zinc  is  readily  dissolved  by  benxoe 
acid.  The  solution  yields  needle-shaped  crystals^  whidi  ttt 
soluble  in  water  and  alcohol.  When  exposed  to  heat,  their 
acid  is  voktilized.§  The  salts  of  zinc  are  not  precipitated  by 
benzoate  of  ammonia. 

38.  CamphorcUc  of  zinc.  Obtiuned  by  double  affim^.  A 
white  powder.  || 

39.  Suberate  of  zinc,  Suberate  of  ammonia  throws  dcnra 
this  salt  from  Uie  saline  solutions  of  zinc.  A  white,  softi 
tasteless  powder.  When  heated  it  becomes  yellow,  when  fat' 
ther  heated  it  melts  and  is  decomposed.<|[ 

40.  Oleale  of  zinc.  It  may  be  obtained  by  mixing  hot  solu- 
tions of  oleate  of  potash  and  sulphate  of  zinc.  It  is  white,  aai 
melts  below  the  temperature  of  212*.»* 

41.  Bvtyratc  of  zinc.     Butyric  acid  diluted  with  water  ^ 

*  Braconnot.  f  L4itHllardiete. 

X  Weozel'a  Verwandtschaft,  p.  S4U. 
§  Trommadorf,  Ann.  de  Chim.  sL  317. 

D  Brendes,  Schweigger's  Jour,  ixxviii,  300.  1  Uud.  ^«»m,  |0): 

*■  Cbcvreul,  nir  les  corps  gru.p.  94. 
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solvM  the  rnrlwnnto  of  xitic  wild  cfforvcscencp,  Tlic  soludon  **•■  **"'■ 
always  rwWens  litmus  jinjtrr,  however  long  the  digestion  be  ~~ 
coiitiniici).  When  (-onccntrntcd,  it  doposites  crysluls  of  buty- 
rate  of  zinc  in  brilliant  pinteti.  They  have  tlie  biiicII  and  taste 
of  buljiic  acid.  When  the  noluiioii  of  this  salt  is  evaiioraled, 
a  portion  of  the  acid  oAOipctt,  aii<l  a  white  matter  is  deposited, 
which  is  n  mih-bmytuU'  of  itiiic* 

A'2.  C/io/etttrale  i>f  zimr.  It  may  he  obt»iiK<d  by  double 
j^ffitiity,  has  a  fine  r«d  colour,  and  is  but  Iittlr  soluble  in  wiilor.t 
Ik  43.  Piitate  of  zinc  Obtained  by  mixing  solutions  of  pinate 
of  potash  ami  ftutpliale  of  zinc.  Yellowish -brown  Aock-s  fusing 
when  heutod.  It  in  insoluble  in  water  and  alcohol,  but  dis- 
solves in  etlier,  linM-ed  oil,  ui'd  oil  of  turpentine.  An  alcohol 
solution  of  plnic  acid  when  boiled  over  oxide  of  zinc  gradually 
combines  with  !l.{ 

Ik  44.  Silfol/i  of  zinc.  Soluble  tn  15  times  iu  weight  of  cold 
VMotute  alcohol,  and  in  a  smaller  quantity  of  tlie  same  liquid 
when  hot.     In  other  respects  it  resembles  sitvale  of  lime.J 

45.  Aspartate  fifzitie.  It  crystallixes  in  small  white  points, 
is  opaque,  and  docs  not  absorb  moisture  from  ibe  air.  Has  the 
pectdbir  taste  which  characterizes  the  asparlatea,  followed  by 
tbo  Savour  of  xine  Sidu.{| 

46.  Suii'ltumiphthalaie  qfziae.  Ztnc  is  readily  acted  on  by 
8ul(>bonuplitlialic  arad,  hydrogen  gas  being  evolved,  and  tJbe 
oxide  of  zinc  dissolved.  The  stdt  formed  is  modorntely  soluble 
in  hot  water.  When  the  solution  cools  an  abundant  crop  of 
ueedle-form  crystals  a  obtained,  llicse  crystals  are  wbitet 
unaltered  by  exposure  to  the  air,  have  a  bitter  tn^te,  and  burn 

jritb  fUniie,  leavini^  sulphate  of  JtincH 

47.  I'effrtotu/pA'ilr  of  zinc,     Vcgetosulpburic  acid  dissolves 
'  with  effetTresccnce." 
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This  genus  of  s.ilLt,  as  far  as  it  has  been  hitherto  examined, 
ly  be  dntiugutshcd  by  tliu  following  cliaractcn^ 
t.  A  considerable  number  of  them  are  soluble  in   water,  nunctm. 
le  aqueous  solatlona  arc  colourless,  or  have  a  very  slight 


rbcrrcul,  nir  Iu  farp%  gna,  p.  133; 

■(■  Pcllcticr  nnd  Carcntou, 
I  j  Ua»efd(Wlico,  PoKcTHloffa  Annulen.xi.  838.  JlMd.p.lDI. 

I  PTuMm,  Ann.  dc  Cliim.  ct  du  l')i\ii.  xl.  314. 
r^  Farklky,  Annsln  of  Thilosoiihy,  (8d  soici).  »■•  810, 
'»•  Brarowiot,  Ano.  ilc  Chim.  et  de  Phy*.  sii.  186. 
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yeHow  nliatte.      llio  insolublo  salts  o(  cadnium  are  vtHiw 

2.  Wbvii  n  fixed  alkali  jailropped  into  a  solution  of  cadiniuro, 
tlic  oxide  is  precipitated  in  tlie  »tAte  of  a  white  liydratt',  luul  b 
not  again  rediaaolved  by  adding  ail  exc«w  of  the  precipitant. 

a.  Ammonia  likewise  prccipitiitm  it  in  tlie  state  of  a  wkite 
liydrate.  Tho  precipitate  is  a^in  redissolrcd,  when  an  exoM 
of  aniinoiiia  is  a(l<lo<l. 

4.  'Hie  alkaiiite  carbonatea  throw  down  cadmium  in  tlie  hoI« 
of  a  white  tarbonate.  This  carbonate  doea  not  form  a  hydntr, 
as  is  the  case  nntli  tbe  curhonnt^^  of  zinc.  Neither  is  it  radi^ 
ftolvcil  by  tlt«  addition  of  an  excess  of  carbonate  of  ammod^ 
as  is  the  case  witb  the  caHMnate  of  zinc^  unless  tliere  existed  i 
notable  excess  of  acid  in  the  solution  before  the  ndditioii  of  tb*| 
carbonate  of  ammoniiL 

5.  Pliospbate  of  «oda  tJirows  down  cadmium  in  the  state  of 
a  wliitc  |>«wdpr,  wliilc  iuic  is  tbrown  down  by  tlie  same  pred- 
pitant  in  llie  state  of  ciyBtutltno  scales. 

6.  Sulpburettcd  hydrogen  gas,  and  the  hydrosiilphun-U  pre- 
cipitate cadmium  yellow  or  orange.  This  precipitate  rcsemblf* 
orpiment,  but  may  be  di»tingiii»licd  by  the  facility  with  which 
it  dissolves  in  miiriutic  Rci<l,  and  by  its  bearing  a  red  heat  with- 
out beuig  altered. 

7.  Prussiate  of  potash  throws  down  cadmium  from  its  tolu* 
tioDs  ichite. 

d>  Infttfion  of  nut-galls  does  not  occasion  any  precipitate. 

0.  A  phil«  of  zinc,  when  put  into  a  solution  of  oidniitnn, 
throws  down  that  mete]  in  a  regulinc  stato  in  dcndriunl 
leaves. 

1.  SnlphtUtf  f>f  cadmittm.  Tlii^  Kilt  crystallizes  in  largv 
transparent  rectangular  prisms,  very  similar  in  ajipeamnoe  lo 
sulphate  of  zinc,  and  very  soluble  in  tvater.  It  efflortMCa 
strongly  when  exposed  to  the  air,  and  is  deprived  of  iu  wattr 
of  cry  stall  ixation  by  the  application  of  a  low  heat,  without 
undergoing  previous  litjuef action,  as  is  the  case  with  sulphate 
of  zinc.  The  cry^italit  redden  vegelubh;  ))luo<i.  It  U  not  eady 
decomposed  by  the  fire,  and  bears  u  low  red  heat  without  under* 
going  any  cliange.  In  a  strong  re<l  ke«t  sulphuric  add  b  fl 
given  out,  and  it  is  cli<inge<l  into  a  subsulphatc  which  crystal- 
lizes in  plates,  and  is  difficultly  soluble  in  water. 

The  crystals  arc  four-sided  ])risms,  apparently  rectangular. 
I'wo  of  the  opposite  edges  of  tlie  prt^m  are  often  replaced  by 
tangent  pUuies.     'I'hc  constituents  of  this  salt  are  as  follows: 
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I  atom  sulpiiuric  acid  .  .  $ 
I  atom  oxi<le  of  cadmium  •  6 
4  atoms  witter       ...         4-5 


17-5 

2.  Hyposuljihale  of  cadmium.     A  Bolution  of  cadmium  in 

byptMulpliuric  ucid  left  to  H{>ontiu)tN>us  vraponition,  dvposil«a 

Mtliiie  matter  Itaviiiji;  a  very  diiia^rccablc  ta^t?,  very  soluble  in 

^^water,  and  deliquescing  in  a  moist  almospliere.* 

^ft    3k  Nitrate  ofeadmiwn,    Tliia  Rait  crystallized  in  tlie  vacuum 

^Mf  an  air-pitm)>  over  snipliuric  acid  cmuiituti^^  tliiti  transparent 

^Fplates.      It  crystallizes  also,  according  to  Stromeyeri  in  prisms 

and  needles  cohering  and  constituting  a  radiated  mass.     It  is 

rcry  M>luMe  in  water,  and  speedily  deliquesces  wlicn  exposed 

l^lo  the  air,     Ibt  con8t!tiM-nts  arc 

^fc  I  atom  nitric  acid 

^^^v  I  atom  oxide  of  cadmiuni 

^^^ft^        4  atoms  water 

W    4.  Car, 
"«;»«      It 


67a 

8-0 

4-5 


19-25 
4.  Carbonate  of  cadmium.     Easily  obtained  by  double  affi- 
nity.    It  'v  n  M-liite,  tiwtoli'xi  |i4)wder,  insoluble  in  vater,  and 
having  some  resemblance  to  car)>onatc  of  leaiL     )  t  is  dt- Htitulc 
combined  wntcr,  but  when  dried  in  tlie  open  air  retaiiM 
It  2  per  cent,  of  water,  obviously  bygrometricnlly  lodged 
salt.     Its  consiituenti  are 

1  atom  carlwnic  acid     .         .         2'75 
1  atom  oxide  of  cadmium      .        8 


10'75 
5.  PAonftkate  <^  cadmium.  This  salt  may  he  obtained  by 
nixing  BolutiooB  of  nittalc  of  ciidmium  auid  |>lio«pliate  of  soda. 
The  precipitate  is  at  fint  very  bulky,  but  it  nfterwiinld  dimi- 
^-jiishes  very  much  in  volume.  From  n  comjHirison  between  my 
^kwn  experiments  on  this  salt,  an<l  the  analyMs  of  it  by  Stro- 
^■tttvycr,  it  would  seem  to  be  a  compound  of 
^1  I    atom  phosphoric  acid 

^1  1^  atom  oxide  of  catUnium 

^B  Ij  atom  water 


4*5 

100 
1-687S 


10Id75 
0.  Artenia/e  qf  cadmium.     M*hen  an4-niate  of  soda  is  added 
*  Heeren,  Pi)ti;genilurr«  Annuk-ii,  \ii.  If>3. 
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""''■     to  a  Bolution  of  nitrate  of  cadmium  a  wbite  precipitate  faiia,  at 
first  very  bulky,  but  in  a  few  hours  it  contracts  modi  in  me. 
Thb  precipitate  is  a-whito  powder,  insolable  in  water.     ItbH 
not  been  analyzed,  but  if  it  be  neutral,  its  constituents  mart  be 
1    atom  arsenic  acid    .         .         7*25 
1    atom  oxide  of  cadmium    .         8 
I^  atom  water      .         .         .         1*6875 


16-9375 

7.  BortOe  of  cadmium.  This  salt  is  a  white  powder  scarcelj 
soluble  in  water,  and  after  having  been  exposed  to  a  red  heit 
its  constituents,  according  to  Stromeyer,  are 

Borate  acid        ....         27-8847 
Oxide  of  cadmium       .         .         .         72-1153 


100-0000 

This  is  obviously  - 

1  atom  boracic  acid      ...         .  3 

1  atom  oxide  of  cadmium     .         .  8 

11 

8.  Ckromate  of  cadmium.  This  salt  may  be  obtuned  by 
mixing  solutions  of  sulphate  of  cadmium  and  chromate  of 
potash.  It  tails  in  the  state  of  a  beautiful  yellow  powdc^ 
which  has  little  or  no  taste  and  yet  is  not  absolutely  instdsUe 
in  water.     Its  constituents  are 

I  atom  chromic  acid  .         .         6-5 

1  atom  oxide  of  cadmium      .         .         6 
5  atoms  water  .         .         .         5-625 


20-125 

9.  Moipbdate  of  cadmium.  When  molybdlate  of  wm"™"* 
is  mixed  with  sulphate  of  cadmium  a  grsyish  white  powder 
talis,  which  becomes  brown  when  gently  ignited.* 

10.  Oxalate  of  cadmium.  Obtmned  by  mixing  solotiom  of 
oxalate  of  potash  and  nitrate  of  cadmium.  A'  wMte  tarteloi 
powder  insoluble  in  water.     Its  constituents  are 

1  atom  oxalio  acid  .         .         .         4-5 

1  atom  oxide  of  cadmium  .         .         8 

3  atoms  water  ....         3*375 

15*876 

*  Bnndes, 
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1 1.  Aeftate  ef  cadmiitm.  Wlieii  a  very  concentratnl  solii-  '«^"""- 
tion  of  titis  ait  ii  exposeil  for  about  t«>i  dnys  to  llie  air  it  ix 
gradually  coiivcrlnrl  into  a  cT)-gtalliiK>  muss  wliili'  n  tliick  liquid 
mnains  flouting  ubovp  it.  The  crystals  arc  |in8in»  vory  soluble 
water,  and  not  altered  by  expoaure  to  iho  air.  They  are 
ompoeed  of 

I  atom  acetic  acid  .        .         .         O'SS 

I  atom  oxide  of  »uimium  .         .        8KI0 

•2  atoms  water  ....         j^2fi 

16-5 
Formate  qf  cadmium.  Obtained  by  dij^ostitig  carbonate 
lium  in  fonnic  aci'l.  Crystals,  cubes,  unil  rhomboidal 
aheiiroiis,  of  a  sweetish,  natrinjfent,  and  metallic  tu«tc.  It 
loaat  its  water  iiith  difficulty  when  boated,  but  U  at  last  de- 
composed, leaving  oxide  of  aidmium.  It*  oontliliienlA,  accord- 
^ing  to  the  analysin  of  Qiibel,  to  whom  we  are  indebted  for  the 
lamination  of  tlil*  sidt,  are  as  follon-s : 

I  atom  formic  acid  .         .         .         4'62fi 

1  atom  oxide  of  cadmium         .         .         6 

2  atoms  water  ....         S-SS 


18.  Tartnae  of  cadmium.  If  tartrate  of  pobwh  in  slight 
tceM  be  added  to  a  solution  of  nitrate  of  codmitim  tliere  in- 
■ntly  falls  a  pretty  bulky  precipitate.  The  li<|uid  separated 
from  thiH  precipitate  depositeii  nt  ibe  end  of  24  lioura  s  mudl 
quantity  of  traniparcnl  ^rmnukr  cr^'stals.  The  HU{»ernatant 
liquor  gives  a  slight  precipitate  with  carbonate  of  soda.  IIcnc« 
tartrate  of  cn<lmium  is  slightly  soluble  in  water.  These  cry»- 
^lals  Are  ta»tetcTM  and  composed  of 
^V  1  atom  Uirlaric  acid  &'25 

^B  I  atom  oxidn  of  cadmium  6-00 

^^^^    2  atoms  water  ....        *2-*2ft 

■ni   auc 
^readilv 


16-5 


14.  Sturiitaie  o/'  cadmium.  Cadmium  is  very  little  soluble 
succinic  add,  but  carbonate  of  cadmium  diswives  very 
"^readily.  By  evapomtion  transparent  priAms  are  obtained, 
which  dissolve  readily  in  water,  and  which,  when  treated  with 
alcohol,  are  <lecompo»ed  into  a  bisalt  soluble  in  alcohol,  while  a 
nenlral  salt  remains  nndissolved.* 


II. 


John. 
2s 
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"*■'■  15.  Citrate  of  cadmium.     Citrate  of  Amuoiua  produce*  a 

remarkably  bulky  gelatinous  precipitate  in  nitrate  of  "'^'"■""■i 
which  is  white  and  scarcely  soluble  in  water.  Its  constitaenti 
are 

1  atom  citric  acid  .         .         ,         7-25 

1  atom  oxide  of  cadmium         .         .         8-00 

2  atoms  water  ...         .         ,         f^25 


17*6     ; 

SECTION  XXIV. — SALTS  OF  PROTOXIDE  OF  LEAD. 

The  salts  of  lead  were  formerly  distinguished  by  the  nane 
of  satum,  the  title  by  which  lead  was  known  among  the  aiAj' 
mists.  The  protoxide  only  of  this  metal  seems  capable  «f 
combining  with  acids  so  as  to  form  salts.  These  bodies  wtf 
be  distinguished  by  the  following  properties : 
nwnctcii.  1.  A  considerable  number  of  them  are  scarcely  soluble  in 
water  without  an  excess  of  acid.  These  before  the  blow-pipe 
on  charcoal  yield  very  readily  a  button  of  lead. 

2.  The  solution  of  the  soluble  salts  of  lead  in  water  is  ge- 
nerally colourless  and  transparent . 

3.  They  have  almost  all  less  or  more  of  a  sweet  tast^ 
accompanied  with  a  certain  degree  of  astringency. 

4.  Prussiate  -  of  potash  occasions  a  white  precipitate  wltei 
poured  into  solutions  containing  salts  of  leatl. 

5.  Hydrosulphuret  of  potash  occasions  a  black  precqnWfc 
The  same  precipitate  is  produced  by  sulphuretted  hydrogen. 

6.  Gallic  acid  and  the  infusion  of  nut-galls  occasion  a  ^lita 
precipitate. 

7.  A  plate  of  zinc  kept  in  a  solution  of  lead  oocasions  «&tr 
a  white  precipitate,  or  the  lead  appears  in  its  metallic  state.  * 

8.  When  potash  is  dropt  into  a  solution  of  a  salt  of  lead  a 
white  powder  falls,  which  is  redissolved  by  adding  an  excoidf 
the  potash.' 

9.  When  chromate  of  potash  is  dropt  into  a  solution  of  leiA 
a  beautiful  orange  precipitate  tails. 

1.  Sulphate  of  lead.  Sulphuric  acid  does  not  attack  lead 
while  cold ;  but  at  a  boiling  heat  it  communicates  a  portion  of 
its  oxygen,  sulphurous  acid  gas  is  emitted,  and  the  whole  ii 
converted  into  a  thick  wliite  mass,  which  is  sulphate  of  lead. 
It  may  be  obtained  readily  by  pouring  sulphuric  acid  into  ace- 
tate of  lead,  or  by  mixing  this  last  salt  with  any  of  die  alW 
line  sulplmtes.     The  sulphate  of  lead  precipitates  in  the  state 


SALTS  OP  PnoTOXIDE  OP  t.CAD. 


(W. 


'of  a  white  powler.  This  »lt  is  taM^lciw.  It  is  insoluble  in  ^'-  J""^ 
ainlliol  and  in  nitric  acid.  According  to  Kirwaiii  It  rrqiiiroit 
!200  parts  of  water  to  dissolve  it;  "  but  wlien  it  coiittiins  an 
«xc4.-i>(*  of  add,  it  h  more  soltiblc,  and  yields  by  evaporation 
Bmall  whit<>  crj-staU,  which,  according  to  Sugv,  have  the  form 
of  Ictrahedral  prisms.  It  di««oIve4  in  atronjr  muriatic  acid 
when  (he  action  of  the  solvent  is  promoted  by  heat ;  the  solu- 
tion, ou  cooling;,  deposites  many  crystals  of  murintc  uf  ]ead.f 

This  salt  oociira  native  in  transpjirent  colourless  crystnls 
haviofT  the  dLiniond  lustre  aiid  a  specific  frriivity  of  l!-*1.  The 
primary  form  of  the  crystal  is  a  riijlit  rhombic  prwti,  u-hosc 
uous  fac4M  arc  Inclini-d  n1  liii^Ios  of  10:)"  42'.  Dut  it 
ly  nrcurs  in  octahedrons  and  other  Hhapcs  eii»ily  de- 
duciblc  from  the  primary  crystal.  It  is  anhydrous ;  ihou^^b  il 
usually  contains  a  little  hygrometiical  u-atcr.    Its  constituent! 


are 


t  atom  fulphurlc  acid 
1  aiom  proloxidi*  of  lead 


6 
14 

19 


^ 


3.  Dimlpkatt  (^  lead.  According  to  Vsuquclin  when  tlic 
precedinif  salt  is  digested  in  ammonia  it  loses  half  i(s  acid  and 
i»  convened  into  tUmtphah. 

S.  SNtjiAitf  of  lead.  Sulphurous  acid  has  no  action  whatever 
on  lead.  It  abwrhs  oxygen  trom  the  red  oxide  of  tliat  metal, 
and  w  converted  into  sulphuric  acid.  Rut  it  combines  with 
the  protoxide  of  lead,  nn<l  forms  with  it  a  sulphite,  which  '\*  in 
the  stale  of  a  white  powder,  insoluble  in  wuter,  and  tasteless. 
Before  tlic  blow-pipe  on  ctiarcoal  it  melts,  becomes  yellow, 
and  the  lend  is  at  last  reduced.}  When  exposed  to  a  red 
heat,  it  loses  5  per  cent,  of  its  weight:  sulphurous  acid  exhales; 
and  there  remains  a  blackish  mnj«s  composted  of  sui|>hale  of  lead 

id  RulphureL  When  treat<-d  with  nitric  acid,  the  sulphurat 
In  decomposed,  and  crystuU  of  nitrate  oblained.  Its  consti- 
tuents uro 

►  1  atom  sulphurous  acid  .         .         4 

—  ■  ■  ■• 


18 


4.  Jfiiponilp/tite  <if  lead.     This  salt  is  obtained  by  pouring 
Ditratc  of  lead  into  the  solution  of  any  hyposulphite.    A  white 

MiMndogy,  ii.  91 1.        f  Pncolils,  Nicholson's  Jour.  xn.  Ml. 
Fowcroy  snd  Vsii(]aelin,  ConnolMBDCfs  Oiimlques.vi.  vfi. 
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precifHbtc  £>Us  vhich  is  at  firet  redissolved ;  but  upon  addii^ 
~  die  rrqniate  qnuitity  of  nhiate  it  becomes  permanent  IVi 
kypoMilpIiite  B  a  while  mealr  powder,  which  leaves  an  int- 
piv«n<Mi  of  sweetness  when  belli  lon^  in  the  mouth.  At  a 
heal  nnder  dl'2°  it  turns  black,  and  when  the  heat  is  laiud  k 
takes  fire,  becoming  red  hot,  and  bums  vitb  a  weak  flam& 
If  it  be  now  removed  from  the  fire,  the  ij^tion  and  combu^ 
tion  mar  be  maintained  for  any  length  of  time  by  caudou^ 
adding  small  qoandties  of  the  substance,  AVhen  heated  in  a 
retort  il  loses  20  per  cent,  of  its  weight,  which  is  pure  nl- 
phimHis  acid  gas.  When  fully  ignited,  the  loss  is  20-6  per 
cent,  the  rcsduum.  which  is  a  black  powder,  is,  according  to 
Mr.  HerscfaelL  a  sulphuretted  oxide  of  lead.  The  consti- 
tuents of  hyposulphite  of  lead,  according  to  the  analysis  tt 
Mr.  Hersrhell,  are  as  follows : 

Hyposulpfaurous  acid  .  29-7 

Oxide  of  lead  ...         70-3 

lOO-O 
This  is  obnously 

1  atom  hyposulphurous  add  .         .  5 

1  atom  protoside  of  lead        .         .         14 

19 
5.  HypotMlphate  of  lead.  This  salt  may  be  obtained  by 
dissolring  carbonate  of  lead  in  hyposulphuric  acid,  and  learing 
the  solution  to  spontaneous  eraporation.  Large  trasspamt 
cr^'stab  are  obt^ned,  the  form  of  which  is  not  ea^ly  described, 
but  ther  have  been  figured  and  measured  by  Heeren,  irio 
considers  the  primary  form  to  be  a  bipyramidal  dodecahediMk* 
The  taste  of  the  salt  is  very  sweet  and  astringent,  and  It  is  mj 
soluble  in  water.  Its  constituents,  according  to  the  analydiaf 
Heeren,  are 

1  atom  hyposulphuric  add        •         •  9 

1  atom  oxide  of  lead  •         ■  14 

4  atoms  water  .         •  4'5 


27*5 
6.  Dihtfpomlphate  ^  lead.     This  salt  may  be  obtained  by 
mixing  the  solution  of  the  preceding  with  a  quantity  of  am- 
monia not  Buffident  to  decompose  it  completely.     Srft  wlute 
needles  fall  which  react  as  an  alkali.    When  digested  in  mtric 
•  T«f9;end(xf 'o  Annslen,  tH.  IS3. 
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acid  they  are  converted  into  nulpliate  of  lead,  a  portion  of  oxidtt 
of  lead  bein^  nt  tlic  some  time  diNtuln>il,  When  expotted  to 
the  air  a  portiuti  of  the  oxtde  of  lead  U  converted  into  caibo- 
ISttle.*     I(  u  but  sparingly  soIuUlc  tii  water. 

7.  DetaAffpostilpAtite  of  had.     \^'llen  the  preceding  ^ali  is 
Idigestcd  in  an  exocwt  of  uinmonta  it  is  converted  into  a  soil 
jwliite  [wwder,  reacting  as  un  alkali,  and  very  little  soluble  lit 
er.     It  Is  dfconiposfi!  hy  nirboiiic  acid.     Its  conntituenta, 
^liiig  to  til  e  analysis  of  Ilcorcri,  are 

Hypomilphuric  acid             .  ■       .         .  S 

Proloxido  of  lead                ...         81 
Water U 


taL  XXlT.. 


This  ii|iproaches 

1  utoin  liyposulphiiric  acid 
10  Btoms  protoxide  of  lead 
02  atoRiti)  water 


100 

9 

140 

24-76 


173-75 
i-VUratt  of  lead.  Nitrie  acid  acta  upon  lead  with  cofud- 
eisble  cnerg^y,  ])rovi<lcd  it  b^.-  not  too  mncli  concentrated; 
fintt  convening  it  into  a  whilo  powder,  wliicli  is  a  §ubnitratc, 
aiid  tlien  dissolving  it,  especially  when  assisted  by  heat.  Th« 
yellow  oxide  of  lead  w  <li$!4olved  by  nitric  acid  completely, 
and  witiioiit  etTervcACciice ;  but  the  red  oxide  is  rendered 
white;  £tbN  of  its  weight  aro  disHolvcd,  and  ^t]i  is  converted 

•  into  Itrown  oxi<lr,  and  remains  undissolved,  f 
The  solution  is  (mnsparent  and  colourless,  and  when  suf- 
ficiently concentrated  depoititoit  cryHtnU  of  nitrate  of  IcjmI.  If 
tlie  liquor  contains  ui  exccm  of  acid  tliese  crystuU  are  tran- 
sparent and  colourless,  but  if  it  be  nenlnil  tbcy  are  opaque 
and  while,  and  have  a  pearly  lu*(re.  The  shape  is  usii;i]]y  the 
r^ular  octaliedrtni,  sometimes  Llio  cube,  the  cubo-oelaliedron, 
and  the  tetnihe<Iron,  or  various  modi6cat!ona  of  these  forms. 
H  The  taste  of  these  crystals  is  sweet  and  austere.  They  are 
^Pnot  altered  by  expasure  to  the  air.  They  arc  soluble  in  7'6 
ports  of  boiling  water.  {  The  crystals  dissolve  in  alouliol. 
Tlieir  spedfie  (irravily  i«  4-0Gd.$  When  heated  they  di-cro- 
jULatr,  ai>d  tlicn  undcr^  u  kind  of  detonation,  emitting  very 

■  llcerm,  PofjgpnJurTs  Annulun.  til.  16ft.  f  ProuHt. 

I  Wmiel's  Vematidtii-hsft,  p.  310. 

S  UaMcarraU,  Ann.  Uc  Chint.  xsvin.  |]^     By  njt  trial*,  39H, 


Ca*  C-XTGE>  ACID  SALTS. 

c^  -  'xC3k2*  fwki-  *  Wbea  lb«T  mxv  intaated  vitk  talpbiir  a 
1  3C4  TOtxra:.  1.  zetrb^.-i  aeiotaaaa  h  produced,  and  the  lead  k 
i^inofi  w  ■sx  oeal^  HU^.f     The  coDamnaiti  of  this  siit 

1  UG<B  Ljxx  arid  .  6-7& 

1  sico  wwoxide  of  lead  .         .  14 

fi0-?5 
Inn  (Kcanocs  co  f Traptaie  tboo^  kept  in  the  solntiaa  if 
Bi::aw  of  i«9d.i 

9.  DiMitr^e  <Mf  kad.  Tli»  salt  vas  obtained  bf  Cbevml 
br  boilinr  a  nixTure  a(  eapaS  weights  of  nitiate  of  lead  Mil 
procoxiiie  Mr'  kad.  fiimdng  tbe  liquid  while  hot,  and  allownf 
h  to  cTTiaUije  id  close  reaels.  On  cooling  it  deposited  crp- 
ois  in  jHaH-ct^ooned  scales.  The  taste  of  this  salt  is  s«ert 
and  asRiaeeot.  When  a  corrent  of  mbonie  acid  gas  is  paHeJ 
through  its  soIutiOT),  it  i^  convened  into  common  nitiate  nd 
carboBate  of  lead.  There  can  he  no  doubt,  from  ibe  ansl^ 
of  Benelius  and  Cherreul.  that  this  salt  contains  just  double 
the  <)aaDtitT  of  base  that  exists  in  the  nitiaie.  Hence  its  coa- 
stitnenBare 

1  atom  nitric  acid  .         .         6*7fi 

^  aionK  protoxide  of  lead  .  38 

S4-75 

10.  Trinitrate  of  lead.  This  salt  ms  obtained  by  Bas»- 
Hns  by  precipitating  nitrate  of  lead  with  a  quantity  ai  ammiah 
not  sufficient  to  decompose  it  completely.  It  is  a  while  po*> 
der.  When  gently  heated  it  loses  its  water  and  beeons 
yellow;  but  again  assumes  a  white  colour  on  cooling.  iS^tlf 
soluble  in  pure  water.  Its  constituents,  deduced  bum  tht 
analysis  of  Benelius,  are 

1    atom  nitric  add  .         .         6*75 

3    atoms  protoxide  of  lead  .         .       42 

IJ  atoms  water  .         .         .         1-6675 


50-4376 

II.  Heranitrateoflead.    This  salt  may  be  obtained  by  the 

same  process  as  the  preceding,  but  the  predpitate  is  to  be 

digested  for  some  time  in  ammonia.     A  white  powder  hunag 

a  slightly  astringent  taste.    It  is  insoluble  in  water,  and  when 

■  Bergman,  ii.  470.  t  Via  Hoiw,  Ann.  de  Cbim.  ixvB.  81. 

i  WcdmI'i  Verwandlirbaft,  p.  9a 
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heated  leares  protoxide  of  loud. 

tua'  uniily!<i--s  urv 
1  atom  nitrie  add 
«  Rtuuis  protoxide  of  lead 
^p  1  atom  water 


In  constituents,  by  Dene-  ^"^^  ^'"'^-  * 


6  75 

M23 


is 

Kin. 


91-875 
2,  Hffpmilrilf  of  lead.     Brrzclius  obtniiiiil  tlii»  «ilt  by 
diMolvriiK  diliyponitriie  of  lea<l  ii)  water  of  die  temporutiire  of 
167°t  lutding  as  mucb  4ul|)biiric  acid  as  would  deprive  it  of 
If  the  It^ad,  Altering  »iiH  cviipomtlnir  s|)oiit,-uivouiily,    Octa- 
lifdml  cryNtiik  of  a  deep  yi-llow  colour  iirt.-  d^-iM>sJtcd.     It  id 
BBsre  tolublc  iu  miter  ttisn  nitrate  of  load,    Wbeii  tbv  solution 
is  lieutcd  to  'IIH"  deutoxide  of  azote  is  ^ven  out  and  tin-  mU 
is  cfaoiiged  into  trUuitrate  of  lead.     When  tlio  Eolutioii  h  left 
poeed  to  tbe  nir  oxygen  is  absorbed  and  tbe  salt  is  changed 
'^nto  nitiate  of  lead. 

Ics  eonstilueiit»,  as  detenninetl  by  the  analyns  of  Benelius, 


1  atom  hyponitrous  acid 
1  atoin  protoxide  of  lead 
1  atom  water 


4-75 

u-uo 

M25 


d* 

It 


19675 

13.  Dihyponitrite  nf  Itad.  Thi«  wilt  was  diwovercd  by 
oust :  but  il^  true  coni|MHilioii  was  fint  ascertained  by  Bit- 
lius*  and  Chevreul.f  Weozcl  bod  indeed  obtained  it,  hut 
the  time  when  hiit  experiments  were  made  it  u'as  impossible 
draw  the  proper  inference.]: 

When  a  solution  of  nitnile  of  Irad  is  boiled  upon  lead  in  tlie 
nietaliic  ntate,  the  luiMl  is  giudimlly  oxidized  at  the  expense  of 
[tbe  aciil,  which  partly  flics  ofT  in  the  state  of  nitrous  gas,  and 
b  partly  converted  into  hy]ionitrons  acid.  If  the  requisite  portion 
of  lead  only  is  dissolved,  wliiclt,  accordiitg  to  the  experiments 
of  BeTzeliua,  amounts  to  7'8  parts  of  lead  for  every  10  ]<arl^  uf 
nitrate  of  lead  employed,  the  Holution  has  a  yeliuvr  colour  and 
d«poaitcs  diliyponitrite  of  lead  in  scales. 

Tliis  salt  cry«tulli/es  in  plulcs  or  scule*  and  has  a  yt-llow 

ilotir.     100  jiarts  of  wntcr  at  the  t«-mpcraturv  of  74"  dismilvo 

Its  of  dm  salt;   lOOpartsof  boiling  water  dissolve  9-41  (MrtS, 

Wlien  tlil-t  Solution  is  allowed  to  cool  it  reuiins  more  of  the 

•alt  tlian  votd  water  would  be  able  to  dij^lvc.     This  solution 

•  Ana.  lie  Chim.  Uxxm.  A.       t  'tad.  67.         t  Vtnnnducluft,  p.  90, 


632  oxyoEN  acid  saliv. 

c»H  L  has  a  yellow  colour.  It  restores  the  blue  coloor  of  litmiu  paper 
reddened  by  an  acid.  It  does  not  absorb  oxygen  from  tiw 
atmoHphere ;  bnt  when  exposed  to  the  air  it  becomes  covered 
with  a  pellicle  of  carbonate  of  lead.  When  this  salt  in  powder 
is  thrown  into  nitric  and  or  acetic  acid,  nitrom  fiunes  are  di^ 
engaged.  When  a  current  of  carbonic  acid  is  passed  through 
the  solution  of  this  salt  in  water,  it  would  appear  from  Gier- 
reul's  experiments  that  one-half  of  the  oxide  of  lead  is  thrown 
down  in  the  state  of  carbonate.  The  other  half  remaining, 
combined  with  the  nitrous  acid,  constitutes  hyponitrite  ofleaL 
The  constituents  of  this  salt,  as  determined  by  the  analyw 
of  Bemelius,  are 

1  atom  hyponitrous  acid  .         .  4'7d 

2  atoms  protoxide  of  lead       .         .         28 

2  atoms  water  .         .  2-25 

35 

14.  T^rakyponitritt  of  lead.  When  1  part  of  nitrate  of 
lead,  50  parts  of  water,  and  1|  part  of  thin  plates  of  lead  are 
digested  for  36  hours  in  a  temperature  between  160°  and  176*1 
this  salt  is  obtained.  It  sometimes  crystallizes  during  the 
digestion,  and  sometimes  only  after  the  liquid  is  allowed  to 
cool  in  tile-red  needles.  It  reacts  strongly  as  an  alkali ;  is  not 
altered  by  exposure  to  the  air.  When  heated  it  gives  out 
first  water,  then  its  acid,  and  protoxide  of  lead  only  remains> 
It  is  soluble  in  140  times  its  weight  of  cold  water,  and  33  timei 
its  weight  of  boiling  water.  Its  constituents,  as  determined  by 
the  analysb  of  Berzelius,  are 

Hyponitrous  acid  .         .  7-74 

Protoxide  of  lead  .         .  90-36 

Water  .        .  1-88 


100-00 

I'his  is  obviously 

1  atom  hyponitrous  acid 

4-75 

4  atoms  protoxide  of  lead 

56 

1  atom  water 

1125 

61-875* 

15,  Chloral  of  lead.     This  salt  may  be  formed  by  dissolTiag 

*  The  uialyBia  or  Ohevreul,  and  the  earlier  analj^tis  of  Bendhi>,««)U 
mike  tbii  talc  a  tmh^ponitrate. 
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Ittiiiii^e  in  fine  p<ni-<(er  in  chloric- ncid.  The  solution  bus  u  wry  awt-Junv. 
[Kwcct  und  Bstriiigent  laite.  W'hi-n  left  to  spontutcous cvapo- 
iBtioii  it  defM)6ite-.'<  hrilliwii  crjnUtUiiK-  plutes.  On  buniiii^ 
Goule  it  fiuea  aii<l  |rivi>>«  oiil  n  whitu  Muukc,  leannjf  some  glo- 
bulus of  metallic  K-iul.  When  diotilW  it  yields  oxygen  gas 
mixed  H-ith  ii  littlvdilorine.  Th«  quantity  of  oxygen  amoniiU 
to  about  oni'.fifih  of  the  weight  of  (he  Nwlr,  .Sulphuric  iioid 
uid  llii-  idkiilion  throw  down  awhit«  precipiiatv  from  llic  solu- 
tion of  thi*  Mlt.* 

When  chlorine  is  passed  through  nutcr,  liaviiig  lithuTge 
JfFused  through  il,  »  portion  of  the  oxide  is  converted  into 
iveroxide  of  Icud,  nnd  luiothor  portion  into  chlori<le  of  Iciid, 
[Ko  chlorate  wliaterer  ia  fonned. 

16.  Carhamtle  »/*  Irad.  Carbonic  itei<l  luw  no  ikction  wluit- 
er  on  leiid,  iieitlier  i»  it  citpable  of  dunulviiig  its  oxide  ;  but 
combines  reudtly  witli  ihc  yellow  oxide,  and  forma  a  carbo- 
Thi»  silt  is  n»o§t  easily  obtained  by  prectpiUiting  leud 
it»  solution  ill  nitric  acid  by  tlie  alkaline  caThiiiiiitC^.  Hy 
tlwt  process  it  ix  o1)taine<l  in  the  state  of  a  white  powder.  It 
is  tasteless  and  iii<>nluble  in  water ;  but  soluble  In  pure  pota.tli, 
in  the  >amc  inaiincr  im  tlie  oxides  of  leaiL 

The  H'Aifif /cm/ of  commerce  (orrrrumti),  employed  as  a  jutint, 
ia  merely  n  cnriMiiutc  of  lead,  m  lU'rgman  first  olraerved^  It 
prepared  by  expoaiiig  thin  plates  of  lead  to  the  hot  vupouis 
*f  scetic  acid.  The  nieial  is  gradually  corroded  tind  converted 
toto  a  carboiiale,  probably  at  the  expense  of  the  ucid,  'I'be 
beauty  of  tlie  colour  depends  principally  on  the  purity  of  tlie 
'Jead  einployed.J 

Thi>  salt  occurs  native.     In  tlmt  state  il  is  usually  white, 
and  lias  a  good  deal  of  lustre.     Its  spcciRc  gntvity  i^  7'23d7.§ 
It  is  often  eryslalltKed,  and  the  primary  form  b  a  right  rhombic 
prism,  ill  which  the  faces  are  inclined  to  each  other  at  angles 
117'  l#,  and  it  luuiiUy  occurs  in  prLsnuitic  mod ili cations  of 
is  form.     Il  is  harder  llian  calcareous  spar,  is  trunsluecnt,  and 
Ik  distingnl-dieil  by  the  diamond  lustre.     It  is  insU'less,  and 
loble  in  water.     When  heated  to  rednewiltsdeoomposed, 

*  VuiqiKlki;  Ann.  dc  Cbim.  xn.  1:^7. 

f  Opacc. i.  Xi.  Pmutt  thoucd  th« mne  thtnc.  Joiir.  de  Pliy*.  Iti,  SOT, 
6cheel«  finiDd  that  a  litilu  ncciic  ncid  wu  alwayn  ippamicd  (Vain  it  when 
whit*  luad  «u*  liutilled  «iih  mtphurk  kcid.  Ocll'*  Aannl*,  lil.  8.  Eug. 
TnuM. 

I  The  liest  Enul lib  while  tcRdMoinde  ut  Newctullc-upon-Tyne.  An  ac- 
count of  the  OfTmRn  proccu  w  ill  lie  founil  in  ihv  Ann.  il«  (.liim.  Ixxii.  9M. 

i  Bouroon,  MchoUon's  Jotir.  iv. 
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'  cuh  1.     leaving   protoxide    of  lead.     The  constituents   of  this  alt 
are 

1  atom  carbonic  acid  .         .  2*75 

1  atom  protoxide  of  lead  .         .  14 


16-75 
17.  Phosphate  ofkad.  This  salt  may  be  obtained  by  dn^ 
ping  pho^hete  of  soda  into  a  boiliog-hot  solution  of  dtloHde 
of  lead,  t^dng  care  tliat  there  is  always  an  excess  of  dilori^ 
of  lead  preBent.  It  is  a  white  heavy  powder,  taateleM,  txi 
insoluble  in  water ;  but  soluble  in  nitric  acid.  It  fiises  eaillf 
before  the  blow-pipe,  and  on  cooling  crystallizes  into  a  kiirf 
of  irregular  rhombic  dodecahedron.  When  heated  on  darcMl 
it  is  partly  reduced.     Its  constituents,  when  pure,  &re 

1  atom  phosphoric  acid  ,         .  4*5 

I  atom  oxide  of  lead  .         .  14 


18-5 


When  nitrate  of  lead  and  phosphate  of  soda  are  tnized  inUe 
atomic  proportions,  the  whole  lead  is  precipitated,  but  a  pK* 
Uoo  of  the  phosphoric  acui  remains  in  solution,  so  th>t  tke 
phosphate  of  lead  obtained  contains  an  excess  of  oxide  of  leal 
For  example,  Berthier  mixed  together  nitrate  of  lead  viA 
phosphate  of  ammonia,  the  phosphate  of  lead  precipitated  «l* 
found  composed  of 

Phosphoric  acid  ,         .  77-5 

Protoxide  of  lead  .         .  23-g 


100 

This  is  almost  exactly 

1    atom  phosphoric  acid  .  4-5 

l^  atom  protoxide  of  lead  .         ,  16'8 

2I-3" 

18.  Sesquiphospltate  of  lead,  Obtaiued  by  precipitating  the 
hot  solution  of  chloride  of  lead  by  means  of  biphosphate  of  sod*, 
and  washing  the  precipitate  with  hot  water.  It  is  a  white 
insoluble  powder  which  reddens  litmus  paper.  Itsconstitnentiii 
according  to  the  analysis  of  Berzelius,  are 

*  Jour,  de  Mines,  xxii.  419. 
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I J  iitmn  pliospliDrlc  veil) 
1    iitom  protoxide  of  Uad 


6-75 

14 


•■(.XXIV. 


20-75 
Biphotphale  <if  lead,     'lite  jirecediug  hkIu  iitii)'  bu  ilis- 
Ived  in  a()U^ou!«  pboHplioric  nt^id,  aiid  tlic  Milulioii  wlii-n  con- 
entiBtcd  clepoHitcrt  gnutular  cryMuls  uf  l>i|ifiw|>liutc  of  Irad. 

tH>,  Subtet^uij/luMp/nUe  ofkad,  'Hiiti  wilt  is  obtaiiiod  wbrn 
li«  nemrul  {diiviplinte  is  digested  in  arninoiiiii,  or  wlieti  acebite 
of  Icut)  is  prccjpitutvd  by  pliu^bale  of  euda.  WbiU;  !iii<l  iit* 
Mtltilde ;  iiol  Ro  eiuity  melted  a»  the  pbosphate.  B«r»re  tlie 
Ulnw-pipo  on  charcoal  die  excess  of  oxide  is  redun^l,  itiid  pbos- 
plinte  of  It^iul  rcioaiiiM.  Its  coiuuiiiviitf,  according  to  the 
^■utalysB  of  Ueraclitis  arc 

^K  1    atom  jiliiwpburic  acid  4*5 

^^  ]  j  alom  oxide  of  lead  2) 

^V  31.  Pho^itc  qf  lead.  Thm  «uU  may  be  obtained  by  dis- 
^Bolriagf  sesquicldoride  of  plioEphorus  in  n-ater.  aaitimiin^  ibe 
^ndotion  iritb  »inmoiii;i.  and  mixing  it  with  chluriitc  of  li-nd  din- 
solved  in  !h>i  water.  Tbe  precipiKite  i*  fntni  firom  all  chloride 
of  l«ul,  by  repealed  wwbintrH  in  bot  wttlt'r.  It  is  tlien  to  b« 
pr^iuied  Wtwxi^ii  foIdH  of  blotting  poper,  and  drivd  in  a  vacuum 
over  sulphuric  acid.  It  is  a  H>kit«  tasteless  ponder,  iiis<>lu()le 
in  watrr.  When  heated  it  undergoes  dei-om position,  venter, 
pho«pbonK,  ant)  pbosphuretted  hydrogen  ga«  \ve\n^  given  out, 
and  n  fultpUasplmte  of  lead  remainii.     !(«  constittivnbt,  ucconl- 

tlo  the  aitnlysis  of  Ber/eliuN,  are 
1  atom  pboK])horouH  acid         .         ,  3*9 

1  atom  protoxide  of  lead  14 

( atom  water  .         .  0-56125 


is-oead 


« 


22.  Arseniatr  of  lend.  Arsenic  aci<i  attacks  load  in  a  dige*t- 
ing  lteat>  commiinicutts  a  portion  of  \\»  oxyg<-ii,  and  converts 
t  liilo  ar»eniate  of  lead  in  tite  state  of  an  iitaolublo  wbitv  |>uh-- 
det.  \Vb«n  arsenic  ucid  is  poured  into  the  soltiiiuii  of  lead  in 
nitric,  muriatic,  or  arsenic  aciil*,  atsciiiiilc  of  lend  precipitates 
in  powder.  The  salt  nuty  bo  formwl  by  deoompoMiig  nitrate 
of  lca<l  with  ancninte  of  wda,  taking  care  not  to  mid  im  excess 
of  tli«  Ittit  okll.     It  is  a  wbit£  tasteless  powder,  iiuoluble  in 


OXTGEX  ACID  SALTS. 


siaer  lad  andc  xiA,  bat  toliiUe  in  nhric  and  mBfiitic  acidi. 

EkQi-  faakie  by  hat.     lis  caanitiimCB  are 

1  auxa  anenie  acid  7'25 

I  atiNa  oxide  a[  lead  14 


31-25 
■SS.  j^mnjmimimmiali-  ^itad.     Ofatoined  by  precqiita^ 
KMur  of  Wwlbv  Beamofaneiuateofwda,aiidbr  d^ntiaK 
■nmiate  of  lend  ia  amnkonia.     It  is  a  white  fusible  powdt^ 
t— pwcd,  Mcofdinc  to  tbe  anal7*is  of  Betxelius,  of 

1    aioB  anenic  aod  7-25 

Ij  SBDB  protoxide  of  knd  31 


28^ 
^-L  JnemHf  of  hod.  Predpilate  acetate  of  lead  by  aame- 
nia.  and  ntmaie  tbe  predpttate  vitb  anenioas  acid.  A  white 
powder,  wbicb  fuse^,  wlieD  heated,  into  a  very  electric  glm 
^lobale.  Its  oMtsdtueDts,  accoiding  to  the  an^ysis  of  Bes^ 
tins,  are 

1  atom  anenions  aod  6-25 

1  atom  protoxide  of  lend  14 

30*25 
23^  BimrKmlt  of  lead.  Obtained  by  digestiii^  bydiMi 
protoxide  of  lead  with  anenions  acid.  A  white  [iiiiidii 
WWa  rabbed  in  a  mortar,  it  becomes  as  electric  as  soljAa 
When  heated,  it  melts  with  the  e^-oiutioo  of  water,  and  mhc 
arseiuoa»  add.  into  a  yellow,  ideo-electric  glam.  It  is  st^tlf 
Mlnble  in  vater.  Its  coostitaeau,  according  to  the  aaaljMi 
of  Benelius,  aie 

•2  atoms  aneniom  acid         .         12-5 
1  atom  protoxide  of  lend  14 

26-5 
126.  Bcndr  ofkad.  Botadc  add  has  do  action  oa  lead; 
but  borate  of  lead  is  predpitated  in  the  state  of  a  white  powder 
when  boiate  of  iuda  i$  mixed  with  nitiate  of  lead.  Before  the 
blow-pipe  it  melts  into  a  colourlen  glass.*  When  ODe  put  of 
boranc  add  is  melted  with  two  parts  of  red  oxide  of  lead,  As 
prodncc  acconliD^  to  Reoas,  is  a  greenisb-yellowj  tnuo^Mres^ 
haidL  insoluble  gUsa^t 

•  VtMd'i  VflfVMifa.  p.tSi.  t  Rmh  da  Sde  Seditim 
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^7.  SHiraif  nfieati.    Silica  ami  protoxide  of  lead  melt  when  •**■  *'"^- 
Elienled  Into  »  yellow  glass.  " 

2tt.  Sf/cm'te  fjf  lead.     'Iliis  »aU  Iia*  tlie  form  of  a  heavy 

LwhitP  jmwdcr,  whieh  full*  very  rii]>i<lly.  bikI  wliich  is  not  roIu- 

in  an  exccw  of  SK-ld,    Whon  hcutcd,  it  melts  and  bfcwmes 

inniiatTiit  and  yellow.     On  cooling  it  rwown  its  while 

colour,  hecomcs  opaque,  and  exhibiu  ii  crystulllue  texture. 

In  u  heat  nearly  whili'  it  boih,  and  selenic  acid  sublimes,  ond 

there   remains  u  Kubsflenite,  wMcb   is  semitranHpiireiit  and 

triable,  and  Iuih  a  stro)if;ly  marked  crystalline  texture.     Hie 

elenile  of  Inid,  according  to  tlie  analyti*   of   lierzelius,  is 

llJMXOd  of 

I  atom  sek-niotis  ucid       .         .         7 

1  atom  oxide  of  lend        .  14 

21» 
S9.  Antimotiiale  of  lead.  Tliis  salt  ig  obtained  by  pouring 
antlmoniate  of  potash  into  nitrule  of  lend.  It  precipitates  in 
tiie  stale  ofa  white  matter,  verysimihir  in  a]>p<'nranee  to  chlo- 
ride of  lead.  It  hi  quite  insoluble  in  water.  Before  the  blow- 
pipe on  chiircoid  it  is  reduced  to  (he  metallic  state,  eoiiKli  til  ting 
an  alloy  of  antimony  and  lead.  Nitric  acid  does  not  decom- 
pose it  completely ;  ho  tliat  UenceliuK,  to  whom  we  are  indebted 
for  erery  thing  known  respecting  the  antimoniales,  uaa  un- 
■bU  to  analyze  it.f 

90.  Aniimonile  of  lead.  Tliia  salt  may  be  obtained  by  tlie 
lO  process  on  the  preceding,  which  it  perfectly  resembles  in 
properties.} 

31.  Trliurale  nflrtid  i.t  a  u'liiiixli  powder.  When  heated  it 
loses  its  water  of  combination,  and  becomes  yellow.  In  a  little 
blgher  temperature  it  fuM>s  and  forms  a  M-milnmHpiirent  imiM 
similar  (o  cldoride  of  leatL  It  is  obviously  a  bilelluret,  com- 
pose<l  of 

2  alonw  oxide  of  tellurium     ,         10 
1  atom  protoxide  of  lea<l         .         14 


^, 


24 

Ckromate  of  lead.    Formed  by  mixing  chromatc  of  pot> 
tand  nitrate  of  lead.     It  is  a  splendid  orange  powder,  InMc- 
aud  iiuoluble  in  water,  but  mluble  in  nitric  acid.     It 

■  Aflo.  de  Chim.  ct  dc  Pbyi.  ix.  339. 
f  B«rMliu*,  NirJiolion'*  Jour.  iut«.  41. 
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^imdie  -nRms.  T!iii  aces  ai  ifae  pr^s  ^nfo  >i^l'>  ^tk 
-SKii  lOK?  ic  :^^  :».  T&e  base  cf  the  prkm  ii  iDclined  to 
•±<i  uTiin,  acM  ai  ir.  a3r>  of  9^  1ft.     It  »  anhydrous,  and 

I  lawt  cr^Kuc  acd  6-5 

I  MOK  :ncc-xSif  cf  ^ead        .        14 


e05 
%,  Iju-%r:mae  :/iittL  Tkis  «b  w  fast  poioted  out  bt 
r^iiiioic  31  It-I^  AZii  ifr<er*^?is  r-y  GnxiTelle  in  I8>23.  Itk 
i-«l7  iccK2»«i  :t  EEa:?«£=;j  o^-imaie  of  lead  in  caustic  fOOA. 
I'  vx  ~iivatr  oc  i  izie  wanec  co'.oar.  and  tosotnMe  in  ntcr. 
Wms  3£3£anu  is  o.'^'cr  siHwavs  hridk-ivd :  but  tW  or^inl 
initmc  hi  j^i£2  n^fseceii  nen  it  coais.  When  dimmed  B 
irr-j:  *oi-  r:  if  *ci£^  ^■■-Ter:*d  into  common  cfaranatr.  TW 
mriTv  ^-c  :ii»  «l£  'vk  Tao«-a  by  Mr.  **—*■■"  io  1835.*  It* 
joay-irr.-d!!^  as:  ei.-<=7<»eif  ot 

1  AMB  e^fomic  and  6*5 

±  MRBf  r':«^>x>ie  oc'kad      .       28 


SI'S 

:^  X-.rjctajan  f'*"-^  Tbk  ah  is  precitHtatcd  in  « l^ht 
i^fLuv  T*."T-i><7.  vl>f^  w'zsocs  ot  molybdate  of  amnMNiiiuJ 
;;~iri  L-i  ^■Tiii  i^i  =ix«ri  ti>*«!ier.  It  ocean  natire  U 
Ciir^sji.  i^  cvczrusik^  was  fiist  detected  by  Kl^mlL 
h  u»  1  ys -'.'v  e<xr<(:r.  aad  i»  «MBpIetehr  ins^rinUe  in  «iter> 
Is  4c*Kii>.-  cmtTT  2»  j-706.-^  Its  cTT^cds  are  evbtc  or  iia» 
Si^'Ti"  rhites.  i":;^  pcinuy  Axk  of  in  cmtals  ii  an  adife- 
c^'m.  viis  a  ^<;sk:«  hsj*.  WltMi  hnted,  it  devicpitalea  wtk 
»«^s  iz~o  A  yv.A'>v^  nes.  It  it  soluble  in  fixed  alkalieiaA 
i-  =iT::6.:  ^-oi.  M^^^Sf  afid  d««oiiipa«es  it  by  tbe  mtAtmtt 
at  'iifii.  iZfi.  •azTMs  ^-^  IM  lead.     It  is  anHydnxu,  and  com- 

1  a:i.-«e  moiyS^  acid  .         9 

1  a[>x=  pcvcoxide  of  kad  14 

'23 

;^    i~KK»F.sv  f/itiod.     This  jslt  occim  natire,  cryBtallited 
ia  T^t  |->?t$e»  wit^  «t{ua:v  ba$ei.     It  a  yellou-ish.    Insoldlle 

•  Kisaia  <i  fi^oKifbj  (U  tmt»),  a.  303. 
■>-  Hatffwc  TML.  Tnm.  ITK. 
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I'SflH^  Imnlcr  than  g^yjiKinn,  luis  n  specific  gnivity  of  8,  a  ^«*-""'^- 
iiM'imli-n-liite  colour,  iiiid  trnusliicetit.     Its  conittituctiu,  so- 
i>rding  to  ibo  auiiiyM!<  uf  IjiinpadiuH,  ar« 

Tiiiij^k' licit]  5I'7A 

Protoxide  of  Ic-nd      .         .         4B-25 


100 

15-5 
14 

29-5 


ThiB  is  obviotwl)- 
^_  I  atom  tiiii)j^tic  ucid 

^H)  36.  BilHngatate  qf  Uad.  Obl^timl  by  preei|iitating  nitrate 
of  U-ud  widi  tuiigiuate  of  iiiiintmiiii.  It  i^  a  white  powder, 
inholtiblc  in  wutvr.  Its  cun&titucnls,  according  lo  tlic  <iiialyHi« 
of  Benclius,  uro 

El'uti^lic  arid 
I'rotoxidv  of  lead 


rtitfl  approacltea 

2  atoms  tungstic  actd 

1  fttom  |>rvtoxi<le  of  lead  . 


7 1 -42 

28-58 

11)0 

14 


4i> 


^S\tx!ft!  U  a  slight  deficiency  in  the  li?«<l,  prorided  our  Tioinbcr 
r  tlte  atomic  weij^lit  «f  luiigatic  acid  be  correct. 

37.  Vntniiitfiifiiail.  It  tiiiiy  beoblniiicd  liy  mixing  tof!;etJier 
solutions  of  iiilralc  of  U-iid  iiiid  iiilnitcd  pvtoxidc  of  iinmium, 
ami  procipilaling  by  ammonia.  The  yellow  precipitate  is 
iinolubli-  ill  water,  aud  wUea  heated  to  redness,  becomes  cifw 
baiDoii  brown.* 

38,  OxaUlt  r^lmd.     Lead  is  precipitated  from  all  its  iwiIh- 
itis  by  oxalic  acitL     Tbis  »ait  '•»  best  obtained  by  mixing 

to  of  ammonia  and  nitnilc  of  b'ud  togiMlier  in  the  atomic 
proportions  It  is  a  white,  taHtclew  powder,  inxuluble  in  wiitor 
and  acetic  acid;  but  soluble  in  tbe  ntrongcr  acidit,  and  aomu- 
what  »(»lublc  even  in  oxalic  aci<l.  When  heated  Hufltciuntlyt 
it  is  converted  into  nxide  of  lead,  mixed  with  a  little  metallic 
ltd  couslituenUt  arc 

'  AriVecIton. 


banio 
■  38, 
■tioDs 
Poxalai 


640 
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Owl, 

1  atom  oxalic  acid 

1  atom  proto.iitle  of  lead 

4-A 

14 

I8'6 

39.  Acetate  of  lead.  This  salt  lias  been  long  known.  It  ii 
mentioned  by  Isaac  Hollandus  and  Raymond  LuUy.  It  recraved 
formerly  a  great  variety  of  names ;  such  as,  sugar  of  lead,  tngu 
of  Saturn,  salt  of  Saturn,  &c. 

Tills  salt  is  employed  in  considerable  quantities  by  dyers 
and  calico-printers.  They  mix  it  with  alum  or  with  sulphate 
of  iron,  and  by  that  means  compose  acetate  of  alumina  or  of 
iron,  according  to  the  process ;  salts  which  answer  much  better 
as  mordants  for  fixing  their  colours  than  alum  or  green  vittioL 
It  is  prepared  in  considerable  quantities  both  in  this  raontif 
and  in  Holland  and  France.  The  manufecturers  distil  tbar 
own  acid  in  England  and  Holland  from  sour  beer,  and  ii 
France  from  sour  wine.  The  different  processes  foUowed  by 
maimfacturerehave  been  described  by  Weber*  and  Demaehy,! 
and  more  lately  by  Pontier4  Of  late  the  acid  is  obtained 
from  wood. 

These  processes  may  be  reduced  to  two ;  either  lead  ia  dte 
metallic  state  is  exposed  to  the  action  of  the  acetic  acid,  ortbe 
carbonate  of  lead  is  dissolved  in  iL  In  the  first  case,  thi> 
plates  of  lead  are  put  into  earthen  vessels  along  with  acelie 
acid.  The  portion  of  the  lead  near  the  surface,  as  soon  as  it 
is  covered  with  a  coat  of  oxide,  is  removed  to  the  bottom  ef 
the  vessel,  and  new  plates  are  brought  to  the  surface.  TbcM 
are  incrusted  in  their  turn,  and  removed  to  the  bottom,  wheie 
the  oxide  b  dissolved.  This  change  of  place  is  contuund 
daily  till  the  acid  lias  dissolved  a  sufficient  quantity  uS  Ictd. 
It  is  then  filtered,  and  sufficiently  concentrated  by  enpor^ 
tion.  As  it  cools,  the  acetate  of  lead  precipitates  in  saiB 
crystals. 

Other  manufacturers  dissolve  the  carbonate  of  lead,  prepand 
by  exposing  the  metal  to  the  fiimea  of  vinegar;  or  they  make 
use  of  litharge  in  its  stead,  and  the  solution  is  evaporated  ia 
the  usual  way  till  the  salt  crystallizes.  This  process  is  cob- 
aidered  as  more  expensive  than  the  other :  but  might  not  nalin 


•  Phja.  Chem.  Magarin.  i.  84. 
t  Laborant  in  grotseo,  ii.  IMk 
i  Ann.  de  Chim.  xxsvii.  868. 
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carlxMiato  of  lead,  wdieh  Ii  fbond  abundantly  in 
many  places,  Iw  vmployed  with  advantage  in- 
stead of  tliesi'  artifictul  oxides  ? 

Tlie  crj-Htallitic  form  is  a  ngbl  oblique  angled 
prism,  UMually  modified  as  in  the  marfrtn.  Tho 
(bllowingarp  tlip  measurements  of  Mr.  Brooke,' 
wbieb  in  general  agree  witJiin  »  fi-w  minutes  of 
my  own: 

■  dond'  las"    0- 

fc  d  oil  M  116     0 

^^k  on  T  98  ao 

^^^  M  on  T  109  32 

Itii  ta9t«  it  8wcet  and  somewkat  astringent 
^rraviiy  i*  '2-575.  When  u-ater  is  boiled  ujion  this  sidt,  it  dis- 
nolven  about  -29,  and  retains  in  solution  when  t;old  about  -27 
of  its  weiglit  of  itt  When  exposed  to  llie  sir,  it  undei^es 
no  cliange.  It*  ixHiHlituenbi  are  easily  separated.  When  it 
in  dissolrnl  in  water,  n  small  quantity  of  white  powder  usually 
Ub.  It  is  carbooato  of  lend,  formed  by  the  carbonic  acid, 
which  tiMuiUy  exists  in  water.  When  we  blow  through  a  solu- 
tion of  acetnte  of  lead,  the  same  white  powder  precipitutcM.1 
300  gr.  of  alcohol  of  0-835  distiolve  15-7  gr.  of  acetate  of  load 
at  60". 

'litis  Mil  IN  <lecomi>08cd  by  all  those  lunds  and  tlieir  com- 
pounds which  form  wilb  lead  a  Milt  nearly  insoluble  in  water; 
OS  the  sulphuric,  pliofplioric,  muriatic.  Huortc,  oxalic,  malic* 
&c  When  heated,  it  is  decomposed ;  and  if  it  bv  di»tilled  in 
n  retort,  very  singtihir  products  are  obtaine<L  These  products 
were  first  examined  by  Bi-ccbi'r;  afterwards  by  Itaum^,  and 
more  parttcuhirly  by  Pluvinet :  but  it  in  to  Proust  that  wc  are 
indebted  for  ihc  must  prccixe  information  on  the  Hubjvct.  By 
diktilling  160  parts  of  su^r  of  lead,  ho  obtutnc<l  by  ii  gentle 
beat  1*2  parts  of  water  slightly  acidulated  with  vinegar.  Th«n 
hy  increasing  the  fire,  there  came  over  72  part*  of  a  yellow 
Iiqui<l,  having  tltc  o«lour  of  alcohol,  strong  and  agreeable, 
ihoiigb  mixed  with  an  empyrciimalic  sroelh  When  lime  ia 
added  to  the  liquid,  nmmonia  is  dii«cngnge<l,  which  existed  in 
the  liquid,  combined  with  a  slight  excess  of  acetic  acid.    \\'hen 

H*  Anniila  of  FtuUtbophj  (id  nftin),  vi.  3T4. 

t  DoKoct,  Nlcttolton**  jour.  xi.  TD.  Wcnti-I  alRnnii,  dial  wster  at  thf 
lempffMuN  of  100*  ^UmoIvm  iti  own  \«rigt(ii  o(  ihj*  »li.  VermndtichaA; 
p.  308.    But  tlitt  in  n  iTiitttiko. 

t  Prouat,  Jour.  Jc  Phjv  Ivi.  HOT. 
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ckw  I.  the  Hquid  was  saturated  witK  potash,  and  alltiw«d  to  remud 
for  24  hours,  about  one-third  of  a  part  <^  oil  sepented  and 
floated  on  its  sur&ce.  This  oil  being  separated  by  a  syphon, 
was  found  to  have  a  strong  odour.  The  liquid  was  then  <li>- 
tilled  by  means  of  a  low  heat.  The  fint  eight  parts  iriuek 
came  over  were  of  the  specific  gravity  0-8&  Tliis  Eqaii 
mixed  with  water  exactly  like  alcohol.  Its  taste  was  stnn^ 
and  its  volatility  scarcely  inferior  to  that  of  ether.  It  bnni 
rapidly,  and  with  a  large  white  flame,  when  brought  nev  ■ 
lighted  candle.  It  contained  manifestly  a  considerable  pcrtkc 
of  water,*  During  the  distillatioa  abundance  of  cariwiuc  lai 
gas  is  disengaged,  but  no  sensible  portion  of  any  other  elutic 
fluid.     The  constituents  of  acetate  of  lead  are 

1  atom  acetic  acid  .         6*25 

1  atom  protoxide  of  lead   .       H-00 
3  atoms  water  .         3-375 
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40.  Diacetate  of  lead.  This  salt  may  be  obtained  by  b<^ 
ing  a  solution  of  acetate  of  lead  over  litharge,  added  ia  the 
atomic  proportions.  The  litharge  is  dissolved,  and  by  eta- 
porating  the  solution,  the  diacetate  is  deposited  in  the  slate  of 
a  beautiful  white  sediment,  having  a  crystalline  aspect,  thoogli 
the  form  cannot  be  determined.  It  has  a  sweet  ami  astringcat 
taste,  and  is  soluble  in  water.     Its  constituents  are 

1  atom  acetic  acid       .         .         6-25 

2  atoms  protoxide  of  lead    ,       28 

10  atoms  water  .         .       11-25 
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41.  Trisacelale  of  lead.  This  salt  was  first  obtained  bj 
Thenard  by  boiling  33-623  parts  of  crystallized  acetateoflead^ 
and  35*44  parts  of  litharge.  The  liquid  deposites  the  salt  ia 
white  plates.  It  is  soluble  in  water ;  but  less  so,  and  has  a 
less  sweet  taste  than  acetate  of  lead.  Its  constituents,  acooi^ 
ing  to  the  analysis  of  Berzelius,  are 

1  atom  acetic  acid       .         .         6-25 
3  atoms  protoxide  of  lead    .       43 


48-25 
According  to  Thcnard's  analysis,  it  contains  also  2  stwos  of 
water, 

•  Prguat,  Jour,  de  Hiys.  i?i.  V39. 
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llie  fiolution  of  tho  oxide  of  lead  in  ncetic  acid  was  strenu> 
oDsly  recoiumciidcd  hy  Goulard,  a  surgeon  m  Montpelier,  ss 
an  excellent  i)}i|)Ucation  ui  eaaen  of  infkinmation.  It  was  pre- 
pared by  boiling  distilled  vinegar  on  Utharge  till  it  refuited  to 
diiuolvc  any  more  of  l)ie  oxide.  This  preparation  vox  distin- 
l^ixhn)  by  lUe  nant«-t  of  (rou/ar<fs  rxiract  und  rincffar  of  lead, 
Sclircle  first  ascertiiiiii-d  [lie  imtiire  of  tills  substiuico,  by  sliow- 
Ing  that  Botuiion  of  Kugar  of  lead  id  water  is  converted  into 
Goulard's  extract,  by  keeping  in  it  a  plate  of  lead  for  the  space 
of  a  day ;  and  by  proving  that  the  solution  oxidized  and  dis- 
solved a  portion  of  the  plate.*  But  subsequent  wrilcre  had 
overbwked  the  olm'rvations  of  this  cbemint,  till  Dr.  Bostoch 
rxAinined  GoiiLard's  extraet,  and  by  comparing  it  with  sugar 
of  IcikI,  kJiowed  lliut  it  is  in  reality  a  solution  of  subacetate  qf 
lead  in  watt.'r.'l-  It  is  precipitated  in  much  greater  proportion 
by  cailmnic  acid  than  the  acetate ;  and  it  \*  a  much  more  deli- 
c«t«'!  lest  for  mitoiljiffc  or  gum,  a*  wiw  known  to  chemists  long 
before  Mr.  John  Hunter  employed  it  at,  a  rciigent. 

42,  llGracrtate  ofltad.  lliis  suit  may  be  obtained  by  boiU  \ 
ing  in  water  a  mixture  of  one  jiiirt  of  wcflate  of  lend,  and  two  i 
partx  of  litharge ;  or  by  decomposing  accUite  of  lead  by  a  con-  . 
Itiderable  exci'M  of  ammonia.  It  is  a  while  powder,  ttlightly  , 
soluble  in  boiling  u-nler,  but  deposited  in  feuther-«hupc(l  eia|^^t<^ 
tai»  when  tlie  Kolutton  cooIk.  Ita  constituents,  accordingTo 
ibe  analyNiH  of  Berxelins  *fc 

RI  atom  acetic  ocid 
6  atoms  protoxide  of  Ica<l 


6.25 
t*4 
3-876 


93625} 
Lartatr  tfflrad.    It  »  obtained  by  dige>ttDg  an  alcoholic 
solution  of  lactic  acid  on  finely  powdered  litharge,  till  tlie 
ijuid  acquires  a  sweet  tuste.     'I'lie  liquid  being  then  erupo- 
to  the  consistence  of  boney,  deposites  the  lactate  in 
lall  gmios,  which  may  be  purified  by  Wiuhtng  them  in  alco- 
hol.    When  dry,  ibey  are  light  and  silvery.     They  nr«  not 


•  Creil'i  AnmU,  Si.  10.  V.np  Tniu. 

X  The  rcMili  of  tlic  andyni  waa: 
Acclic  acid 
Proloxide  oi  lead 
W«1M 


t  NklioUon'*  Jour.  xi.  li. 

3-7 

»l-3 

90 
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diftjigfrd  in  the  wr.     Wlivn  Ucat^  with  iu){^iuretteil  kyd 
^1),  pure  lactic  acid  may  lie  obtained. 

4-I.  Bilaetate  of  lead.    \Vhon  luetic  Hcid  is  di^fstcit  on  i 
boiiat«  of  lead  it  l>ecoincs  browner  than  Ijcfore;  but  cjuiiiot  I 
fully  saturated  by  die  oxide.     We  obtain  an  acid  salt  wh 
does  not  cryHtallizc,  but  dri«s  into  a  sj-rup  like  brown 
witJi  a  sweet  uusterc  UaW. 

46.  SvllacMc  of  lead.  If  wc  digest  lactic  acid  on  a  ^^realtf 
proportion  of  litbnr^e  than  is  necessary  for  its  sat ii ration,  tlie 
liquid  acquires  at  first  a  browner  colour ;  but,  a*  tlic  digMtinit 
proceeds,  the  colour  becomes  ligliti-r,  itnd  tbv  oxide  Ewcllsinbi 
a  bulky  powder.  If  the  wholo  be  cvupomted  to  dr>-ness,  boiled 
iu  water,  and  tlie  liquid  filtered  while  bot,  it  dopositcs  on  cool- 
ing a  light  yellow  powit^r,  which  is  sublactate  of  lead.  Wbm 
drinl  it  >K  inoaly  and  soft  to  tlie  touch.  It  is  decompoMd  by 
the  weakest  adds.  When  warmed  iu>d  w\.  on  fire  a.%  one  poisi 
It  bums  like  ttndor,  and  leaves  tke  lead  in  n  ^cat  mekoa* 
reduced.  According  to  the  experimente  of  Berzelius,  tbimlt 
Is  composed  of 


Aci<t 

Oxide  of  lead 


17 
83 


100 

Rut  he  considers  the  proportion  of  lend  tlius  stated  as  too  liigk.* 
46.  Formate  (jfleaii.  W'ben  litliar^e  is  dissolvcfl  in  fonnic 
acid  to  saturation,  a  white  salt  in  crystalB,  resembling  scettft 
of  lead,  is  obtained.  Its  taste  is  sweet  an<l  uatringenL  It 
d«crepltntes  when  heated,  tlien  melts,  and  is  decompoK^ 
It«  constituents,  according  to  tlie  analysis  of  Gi»bel,  arc 


I  atom  formic  aeid 

1  atom  protoxide  of  lead 

1  atom  water 


4-625 
14 
1-12S 

19-75 


i 


47.  MflltUe  ef  kad.  When  mellate  of  ammonia  ts  mix*<l 
with  ft  solution  of  nitrate  of  lead,  a  white  bulky  prrcipitalf 
fells,  which  gradually  contracts  into  n  heavy  powder,  not  sab- 
bl<!  in  water,  but  soluble  in  nitric  acid.  It  is  ooniposcd,  accotd- 
ing  to  tlie  analysis  of  Walcbner,  of 


'  *  Beneliu*,  Djurkcmito,  it  4W. 


J 


SAt.T!l  or  rUOTOXlUE  or  LEAR. 


€45 


Mf  Ititic  acid    . 
I'rotoxUte  uf  kud 


02-95 
87*05 


SM. 


48.  Tartraff  etflead.  Tartrate  of  potash,  when  mixed  with 
ilratc  of  lend  in  the  atomic  pTOportlon,  leb  fall  a  white  pow- 
der, wliich  »  liiTtrate  of  lead.  It  i»  a  taftteleM  powder,  insoluble 
jo  watc'r,  Imt  soluble  in  tartaric  add.  It  h  anhydrous,  and 
ijKtaed  of 

1  ntom  tartaric  arid     .         .         S'^A 
1  atom  protoxide  of  tend     v       14 


22-25 


100 


50,  Pf/rofarfrate  iff  lead.     When  pjrotartralc  of  potash  U 
iixeA  with  aci-tale  of  lead,  after  iin  interval  of  some  hours  a 

[cri-stallLfed  wilt  U  deposited  in  hembpherical  concrrtioiH-f 

51.  Vitratt  (^  Ifod.  Citric  acid  do<;s  not  atUK-k  Uiid,  but 
when  drojvpMl  into  acetate  of  lead  a  citrate  precipitates  in  the 
etatc  of  a  dij&cultly  soluble  powder.^     The  constituents  of  thb 

rll  are 
1  atom  citric  add  . 
I  atom  protoxide  of  lead 
52.  Piflwitra/e  of  lenit.  When  pyrocitrate  of  potash  U 
drop[>ed  into  acetate  of  k-atl,  a  while,  translucent,  gelntiuoua 
predpitatc  falls,  which  diminishes  much  on  drying,  contains  d 
P«r  cent,  of  n-ater,  and  (abstracting  llie  water}  is  a  compound  of 
Pyrocitric  odd  .         .         3^-4 

iVoloxide  of  lead      .        .         66-6 


SI -25 


100-0$ 


lorTi  Annnk*,  vii.  333. 
f  Roie.  I  WcnxrVs  N'crwuiiIUi'lwft,  p.  IM. 

i  Lawaicne,  Ann.  ilc  CJiiui.  ct  >Xt  V\ty^  xxl.  IM. 


4&.  I'mate  o/teati,    Viiuitc  of  soda  preclptlale«  this  nalt  from 

bite  of  lead.     It  t«  in  Rocks  consisting  of  soft  needlel^  solu- 

le  in  an  excesH  of  vinJc  add,  and  composoil,  according  to 

IW'alchner,  after  being  dried  in  the  temperature  of  223°,  of 
[  Vinicaeid       .         .         .         44-d»5 

I  Protoxide  of  lead    .         .         55-605 

cr; 
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°»'-  53.  Mdlatt  of  lead.  Malic  acid  does  not  tOaA.  leid,  but 
when  poared  into  a  solution  of  lead  in  nitric  or  acetic  acid, 
malate  of  lead  is  immediately  precipitated;*  and  likewise, as 
Vauquelin  has  obserred,  when  acetate  of  lead  is  ponred  into  a 
solution  containing  acetate  of  lime.  This  preopitate  is  easily 
distinguished  by  the  form  of  fine  light  flakes  wUdi  it  >■«,  and 
by  the  bcility  with  which  it  is  ^ssolved  by  the  acetic  and 
weak  nitric  acids.t  We  leam  from  the  experimentB  of  lifr. 
Donovan,  that  there  are  three  subspecies  of  this  salt. 

1.  Tht  neutral  malate.  If  obtained  by  precipitation  it  is  a 
white  powder,  hut  if  obtained  &om  solution  in  its  own  add  it 
is  in  beautifiil  silvery  crystals.     It  b  quite  insoluble  in  water. 

2.  Submalate.  A  white  insoluble  matter.  If  in  xaaX)  it  ii 
dense  and  hard ;  if  in  powder,  it  is  gritty. 

3.  Supermahte.  This  salt  nerer  assumes  the  solid  form.  It 
has  a  sweet  taste.f 

54.  P^fromalate  of  kad.  When  pyromalate  of  potash  ■ 
dropped  into  acetate  of  lead  white  flocks  &11  down,  which  gia- 
duaJly  assume  the  form  of  a  translucent  jelly.  When  wadwd 
on  the  filter  it  diminishes  in  size,  and  assumes  the  form  of  Boiall 
needles  having  a  pearly  iustre.§ 

55.  fimgate  of  lead,  Fungate  of  potash  precipitates  acetate 
of  lead  in  a  state  similar  to  chloride  of  silver.  The  precipi- 
tate dissolves  readily  in  acetic  a(nd.|| 

56.  Mucate  of  lead.  Mucate  of  potash  throws  down  a  white 
precipitate  from  nitrate  of  lead.  This  salt  is  insoluble  in  water. 
It  is  composed  of 

1  atom  mucic  acid  .         .         13 

1  atom  protoxide  of  lead        .         14 

27 

57.  Pyrotmicate  of  lead.  Fyromudc  acid  digested  in  prot- 
oxide of  lead  forms  a  neutral  solution,  which,  when  concen- 
trated, furnishes  brown,  translucent,  oily-looking  drops,  and 
the  whole  liquid  gradually  assumesthat  form.  On  cooling  it 
gradually  concretes  into  a  solid  white  mass.^ 

58.  Succinate  of  lead.  Succinic  acid  scarcely  attadcs  lead, 
but  it  dissolves  its  yellow  oxide;  and  the  solution  accordiugto 

•  Scbeele,  Crell'i  Annils,  ii.  7.  Eng.  Trana. 

f  Ado.  de  Chim.  xxzv.  155.  \  Dooovan,  PhiL  Truu,  18IA. 

5  Lassaigne,  Aon.  de  Chim.  el  de  I%yi.  xi.  53. 

U  Brsconnot.  1  Latullsnliere. 


SALTH  OF  PROTOXIDE  OF  LF.AD. 


fM7 


lAWoael,  yields  Iong«Wndcr  foliated  crystals,"  scarL-vty  soluble  s««-^tiv. 
iu  water,  but  soliibk'  iti  nitric  aciil.     Sucdnic  aci*l  tines  not 
preeipiiatc  \viiA  from  nitric  or  muriutic  uciii,  but  it  occiwions  a 
precipitate  in  acetate  of  lead.t     The  constituents  of  iliis  salt, 

.According  to  tlie  analysis  of  Berzelius,]:  are  as  follows: 

1  atom  succinic  acid      .         .  6*25 

1  atoin  protoxide  of  lea<l        .         14 

20-25 

59.  Trismeeinate  fjfieatt.    By  difroKtinir  tlic  neutral  succin- 
ate in  ummonia,  Bereeliiu  obtained  u  Hiibsucciuutc  composed 
|«f  I  atom  acid  -|-  3  atoms  oxide  of  lead.    Its  constJtuenu  were 
Succinic  acid         ,         .         .         13-07 
Oxide  of  Icjid        .         .         .         86-93 


60. 


of 


100-00 
[),  Jimzoate  of  had.     Benzoic  acid  dissolves  Iea«l  witli  difli- 
jlty.     'I'lie  Moliilion  yields  by  evaporation  crystalis  of  bcnxoute 
lead  of  a  brilliant  wliilc  colour,  solublo  in  ulcoliol  and  n-atcr, 
[not  altered  by  exposure  to  tbc  ;ur,  but  decomposed  by  beat, 
wbicli  drives  off  their  acid.     The  sulphnric  and  muriatic  acids 
lepamlc  the  lead.$     This  salt  is  composed  as  foJows : 
^L  1  atom  benzoic  acid  15 

^^^^^^^        I  atom  protoxide  of  lead  14 

^^^^^H        I  atom  water  I -135 

^^F  00-12511 

H     01.  TriAtHSoate  of  lead.     Berxelius  obtained  tliis  salt  by 
digcning  the  neutral  ben/oate  in  cauMio  ammoiiia.     A  white 
■nbydrous  powder.     lie  fouml  it  compoted of  I  atom  acid  4-  3 
I  atoms  oxide  of  lead,  or  by  wviglil  of 

Donxoic  acid  ...         26 

Protoxide  of  load  .         .         74 


100 

62,  Gatlate  qfletul.     When  galLatc  of  ammonia  and  nitrate 
^«f  lead  arc  mixetl  at  a  boiling  temperature  a  grayish-while 

Weniel*.  Venrand.  p.  811. 
f  Stockw  lie  Neufum  de  iJucdno,  f  33,  u  quoted  b;  Oreo,  Haodbueb, 

r»l. 

AaoalsofFliiloMphy.v.  100.        jTrommgilorf,  Anix.deChiffl.xi.3ia. 
B  Aonalt  of  Philosophy,  r.  161. 
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O"  ■■     powder  taWs,  which  is  gallftte  of  lead.  Its  contUtuentS)  aeewd- 
ing  to  the  analyus  of  Berzelius,  are 

I  atom  gallic  acid  .         .  6 

1  atom  protoxide  of  lead         .  14 

23 

GZ.  Trisganate  of  lead.  When  the  preceding  aalt  is  digested 
with  an  aqueous  solution  of  animonia  it  is  converted  into  a  bi^ 
gallate,  composed,  according  to  Berzelius,  of 

1  atom  gallic  acid  .         .  6 

9  atoms  protoxide  of  lead       •  42 

50 

64.  Kinate  of  lead.  It  may  be  obtained  by  digesting  cv- 
bonate  of  lead  in  kinic  acid.     It  forms  irregulBr  raystals.' 

65.  StdAintUe  of  lead.  This  salt  precipitates  when  solutioiif 
of  kinate  of  lime  and  Goulard's  extract  are  mixed  togetha. 

66.  Meamateqflead,  Meconate  of  soda  precipitates  acetate 
of  lead  in  white  heavy  flocks.t 

67.  Boletate  of  lead,  Boletate  of  polatli  throws  dowD  a 
white  predpitate  from  nitrate  of  lead.:t 

68.  Campkorate  of  lead.  Camphonite  of  potash  throws  Utii 
salt  down  when  mixed  with  nitrate  of  lead.  It  is  a  wUta 
powder,  insoluble  in  water.  It  is  composed,  according  to 
Brandes,  of 

Camphoric  acid  .         .         45-691 

Protoxide  of  lead  .         54-109 


100-000$ 

69.  Suberate  qf  lead.  Suberate  of  ammonia  when  mixed 
with  nitrate  of  lead  throws  down  a  heavy  white  curdy  pred|*> 
tate,  W'hich  dries  into  a  white  powder  having  a  weak  sweetiA 
taste,  not  soluble  in  water,  but  soluble  in  weak  acetic  add. 

70.  Stearate  of  lead.  It  b  obtained  by  mixing  b^Uier 
boiling  solutions  of  nitrate  of  lead  and  stearate  of  potash.  The 
precipitate  must  be  washed  till  the  water  employed  is  not 
coloured  by  sulphuretted  hydrogen  gas.  It  is  white,  fiinUe, 
and  without  smell.|| 

71.  Stibatearate  of  lead.  It  is  prepared  in  the  same  way,  by 
employing  subacetate  of  lead  instead  of  the  nitrate.     It  is 

■  Hcni7  and  Plisiaa.  t  Sarturner.  i  BracoDDot. 

S  Schweiggo-'a  Jour,  iiiTiii.  S98.      |  Chevreul,  curies  corps  g^ai^p^  51 
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coluurl«!»,  iuid  Vfiry  fiuiblc.     Aflcr  ftiuoii  it  i&  trampareiit  aiid  ^"<-  ^'"''- 
mny  I>p  jmh-erbed  by  triiurntion.' 

72-  Margarafr  of  Irati.       7  ti  i  i  •     i 

73.  SHhmarfftiral.  of  /mrf.  J  ^''*'>'  ""^V  ^'^  P^P"^'^  '"  l"'* 
rnnc  way  n*  llic  two  preceding  va1t«,  wLicli  tJii'y  resemble  in 
their  proportii-s.-f- 

74.  StiboleMf  of  lead.  It  may  be  obtained  by  boiling  nii 
mcess  of  Rubacelate  of  lead  witb  oleic  acid.  Tim  salt,  idmost 
liquid  at  21*2°,  U  Iransjrarent  after  baving  been  melted.  At 
the  temjieralure  of  68°,  it  is  soft.t 

75.  PhocmtUe  aflnttt.  Plioceiiie add  rradily  dissolves  prot- 
oxide of  leud.  IJy  fvnporation  we  obtain  thcNilt  In  beautiful 
transparent  pbites,  wliJeh  are  ductile.§ 

76.  'lyitpAoctnate  of  Icaii.  WIk'ii  pbucvriic  acid  is  lietited 
with  dry  massicot  a  combination  iti  produced.  When  cold 
u'ltler  L4  di)^ested  in  it  we  obtain  u  solution,  wbicb,  uLen  cva- 
{wmtetl,  yieldit  crystaU  in  small  brilliant  needles  groupetl  in 
hotni*|)licriciil  mnwe«.  Tbese  cry«tAl»  constitute  a  inspbocen- 
ate  of  lead.  l'hi«  «alt  )iii«  a  weak  ta«te  of  pbocenic  acid,  is 
Dot  very  soluble  in  water,  absorbs  carbonic  acid  from  the  air, 
and  19  not  fusible.jl 

77.  RHit/rttle  of  lead.  It  may  he  obtained  by  dlwolving 
protoxide  of  lead  in  butyric  acid.  Wlien  the  solution  is  eva- 
ponite<l  it  depOAitcs  very  line  silky  iiecille*.^ 

78t  7'riAvttfralr  of  Uad.  It  may  be  obtnined  by  tiic  same 
proceas  as  tbe  «nl)pboeenale.  It  due«  melt.  Its  taste  is  slight, 
and  il  is  not  very  soluble  in  water.  Tbe  solution  absorbs 
mpitlly  carbonic  acid  from  ttie  air.'* 

79.  CholesleraU  of  lead.  Obtained  by  double  decomposition. 
At  first  tile-red,  but  when  dried  assumes  a  dirty  red  colour. 
Jt  is  composed  of 

m  Cholcsleric  acid         .        .         S6*3i 

■  I'rotoxide  of  lead  73-66 

lOO-OOtt 

80.  Pinale  qflettd.  It  may  be  obtained  by  i-arioiis  processes, 
one  of  tbe  e^Niest  of  wliieb  is  to  mix  alcobolic  solutions  of 
acetnle  of  lead  and  pinie  acid.  A  white  soft  powder,  not  co- 
hering at  'iVi.'.  At  a  higher  temperature  it  fuses  intoa  trans- 
lueeal  resin  without  decompoiHtion.     It  Lt  compo«e<l  of  about 

■  Oicrriul.  Riir  Ics  coqM  gnw,  p.  AG.      t  lliid-  p.  C9.        1  Ibid.  p.  07. 
S  IbicL  p.  I  IS.        I  Ibid.  IX.  1 13.  \  Ibid.  p.  US.    ••  Ibid.  p.  120. 

ft  PellMJer  bmI  Cxrvutoii. 
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Owl. 

Finic  acid 

100 

Protoxide  of  lead 

19-5 

119-5 

It  is  insoluble  in  water,  very  little  soluble  in  alcohol  and  ether) 
but  dissolves  readily  in  oil  of  turpentine  and  the  fat  oils." 

81.  IndigotaU  of  lead.  The  indigotic  acid  does  not  seem 
inclined  to  form  neutral  combinations  with  protoxide  of  lesd. 
At  least  the  attempts  of  M.  Buff  to  form  a  neutral  indigotate 
of  lead  were  unsuccessful. 

When  carbonate  of  lead  mixed  with  water  is  added  by  small 
portions  at  a  time  to  a  boiling  solution  of  indigotic  add,  the 
solution,  after  being  filtered  and  allowed  to  cool,  deposiUi 
indistinct  crystals  of  a  pale  yellow  colour,  and  composed  of 
Indigotic  acid  .         .       100 

Protoxide  of  lead  .  ■  57*3 
If  we  dissolve  a  little  carbonate  of  lead  in  a  great  deal  of  indi- 
gotic acid  the  liquid  on  cooling  deposites  semitransparent  yel- 
low  needles,  which  may  be  freed  from  adhering  acid  by  wash- 
ing them  in  alcohol.  They  are  anhydrous,  dissolve  readily  in 
water,  but  are  at  the  same  time  partially  decomposed.  Hiese 
crystals  are  composed  of 

Indigotic  acid  .         .       100 

Protoxide  of  lead  .  .  52-4 
When  a  littie  nitrate  of  lead  is  poured  into  a  boiling  solntioii 
of  indigotate  of  potash  the  liquid  remains  for  a  little  tramp*- 
rent,  but  it  gradually  deposites  a  great  number  of  very  fine 
needles,  having  a  deep  yellow  colour.  This  salt  is  completdf 
insoluble  in  water,  and  is  a  compound  of 

Indigotic  acid  .         .       100 

Protoxide  of  lead  ,  .  103-4 
The  salt  obtained  is  quite  different  when  indigotate  of  peKiA 
is  poured  into  a  hot  solution  of  nitrate  of  lead,  a  very  bnl^ 
crystalline  precipitate  falls,  of  a  pale-yellov  colour,  whid 
becomes  deeper  on  cooling.  It  is  very  soluble  in  hot  wato'i 
and  insoluble  also  in  cold  water.  It  is  composed  of 
Indigotic  acid  .         .       100 

Protoxide  of  lead      .         .         d9*7 
When  this  salt  is  heated  with  liquid  ammonia  a  deep-yelloir 
powder  is  obtained,  very  fine,  and  quite  insoluble  in  wste< 
It  is  composed  of 

■  UnverdortieD. 


SALTS  OF  rnoTOXlOE  OF  LEAD. 

Inili)^otic  acid  .         .       100 

PfOloxidf  of  k-ad      ,         .       128* 
ftJ.  PyrttrtUf  of  Ivad.     When  pyruratc  of  «oda  and  swb- 

accbUe  of  IimuI  urc  tnlxod  a  subpjTuratc  of  lutd  u  oliUilEii-d, 

composed  of 


PjTuric  acid 
Protoxide  of  lead 


28-5 
71-5 


lOOf 

83,  isilrttgaecharale  of  trad.  A  matter  resembling  gi'iHi 
uttery8lallt«ible,  and  not  altered  by  exposure  to  Uiv  air.  WIkmi 
heKtcd  it  produces  a  kind  of  explosion.  ( 

84.  AlUftloale  of  lead.  It  is  .loluble  and  cry»LLlli/^blc.  It 
has  a  sweetish  and  stypdc  tu»tv,  and  in  coinpoMvt  of 


Alti'ntoic  ncid 
Protoxide  of  lead 


80-65 
1H'3J 

100$ 


85.  S»tp/iovma/e  of  Uad.  It  may  be  obtaiued  by  nturatin^ 
IIm!  ri'stduum  after  the  preparation  of  ether  with  carbonate  of 
lead.  It  does  not  cr\'Hiallize  but  fornis  a  w)iite  matter,  whicli 
absoiln  motHture  from  the  atmospliere  and  speedily  runs  into 
a  liquitl.  When  di^fiillcd  it  funiixlies  a  white  oil  which  «inkj 
ill  H-atcr,  tiien  a  licpiid  smelling  of  ether,  sulphurous  acid,  miI- 
pliuric  acid,  and  stdphate  of  lead  remains.  This  salt  dissolrea 
in  li'M  tluin  lialf  its  weight  of  n-at«r,  and  is  also  very  soluble 
in  alcohol.  || 

86.  StdpAunap/il/ialatf  of  lead.  This  salt  Is  white,  »olid, 
crystalline,  and  soluiile  in  wuter  and  alcohol.  It  has  a  bitter 
metallic  taste,  with  very  little  sweetness.^ 

rH".  J'cjrf^Mfidphate  iff  U-ail.     A  very  soluble  «alt  having  a 
ummy  appearance.'" 
68.  Sinapate  of  lead.     Sinapic  acid  precipitatcii  subaceljitc 
f  lead  white,  ff 
■  Ana.  (le  Chim.  e(  ile  Ph)4.  tti.  IT[>. 
f  Uicnlliw  ttiiil  LuMi(;ne,  Ann.  <le  Cliim.  ct  de  PhT*.  siu.  101. 
i  Bniconiiot,  ibid.  |).  1 16.  S  Lswaigne,  ibid.  xvii.  308. 

I  Vogel,  Utlb«rt*«  Aiinilrn,  Ixfii.  93. 
f  Vindaj,  Aimala  of  I'liitoMphy  (Sd  wric*),  lii.  210. 
•*  BracooDOt,  Ann.  dc  Chlin.  el  de  Phjn.  siL  IM. 
ft  Henry  and  Garoi. 
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' SUCTION  XXV 8ALTH  OF  PROTOXIDK  Or  TIN. 

Though  several  of  the  saJts  of  tin  are  of  ^real  im|>oriajice 
in  the  art  of  dyeing,  and  have  been  known  la  ninniifiictureft 
ever  since  tli«  discovery  of  the  searlet  dye,  of  which  Uie  oii 
of  (in  conslitiilcs  »  neiTKUiry  in^eilient,  it  u  only  of  httc 
the  nature  and  constitution  of  tlicsc  nilu  linvc  been  exsmii 
«-itb  any  kind  uf  precision,  and  that  a  tuiti^fiiclor)-  cxplanatii 
has  been  given  of  tlie  curious  properties  which  some  of  thci 
possess,  and  the  great  changes  to  which  they  are  liable.     Fi 
the  progress  which  tliis  branch  of  the  science  has  ntade^  vt 
are  cliieHy  indebted  to  Adet,  I'elletier,  and  I'roust. 

Til),  like  iron,  combineo  with  two  doses  of  oxygen,  and 
fonns  two  distinct  oxides  with  each  of  which  sererul  of  the 
uciiU  urc  capubic  of  coinbiiiiitf; ;  niid  those  mltii  which  eoniain 
the  mclnl  oxidii!cd  to  a  mitiimum  ure  extremely  ready  to  ab- 
sorb oxygen,  and  to  pass  into  the  state  of  oxygenized  saJb. 
The  salu  of  tin  may  be  distuiguJshed  by  the  following  pn- 
perties : 

The  protoxide  has  by  far  tlie  strongest  afEtuty  for  ncidft 
tliough  kt  affinity  is  weaker  than  tliat  of  tlie  grriiter  nunihct 
of  hii.«e«. 
o«»e!™-       1,  The  protomltaof  tin  are  while,  artd  the  Boliitionsof  iken     i 
arc  HSuuUy  colourless.     Their  taste  i»  wilrlngcnt  and  netallk^  ■ 
beti^  highly  di^tagreeablc.     When  in  solution  they  nipiilly  ™ 
absorb  oxygen,  and  are  converted  into  the  corTes|H)ndiiig  \»t 
anlta. 

2.  When  ii  i)Utle  of  ^inc  or  lend  is  put  into  n  MJiition  of  tin 
thut  metal  i'*  thrown  down  in  the  metallic  state. 

3,  Pru«xiutc  of  potash  occasions  a  white  gelntinoits  prectpi' 
lute  U'hcn  dropped  into  tlicse  solutions; 

1.  liydrosulp buret  of  potanh  occasions  a  coffee-brown  pre- 
cipitate in  the  salts  continuing  the  protoxide  uf  tin. 

5.  \eirher  gallic  uciil  nor  tlie  infusion  of  nutg;uiU  occasion 
any  prmpitate. 

6.  When  muriate  of  gold  m  poured  into  nolnllons  cotitaiii- 
ing  tin  combined  with  a  mtnimum  of  oxygen,  a  puq>k—culuur«[ 
precipitate  falls. 

7.  A  ttulution  of  pota<:h  throws  tlown  a  wlitte  precipitate, 
which  dis«olveK  in  an  excess  of  the  alkali.  If  the  solution  be 
boiled  »  WiK'k  powder  falls,  which  is  metallic  tin;  while  ■ 
compound  uf  peroxide  of  tin  aihI  potasli  retnains  in  solutioti. 
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8.  AtMnoiiift  tbrovrs  down  n  wluto  precipitate,  Dot  soluble  SKt.xxv. 
in  an  rxceta  of  ummotiui.  ' 

9.  Thv  sulutions  of  protoxidr  of  tin  redden  litmufl  paper. 
1 .  Sui/tiuUe  f^  tin.     When  solutions  of  protochloride  of  tin 

and  wlpkBte  of  soda  are  mixed  in  atomic  proportioM*  no 
change  lake.<i  ]>Liec  at  liret.  But,  on  concentrating  the  mIii- 
tiou,  Hinall  frtolmlur  mnsscs  wore  deposited.  Tliey  consisU-d 
of  a  coiif^rics  of  small  needles  diverg^ing  from  a  centre.  The 
taste  of  tliis  salt  is  a&tringent  and  sour,  tt  reddens*  vegetable 
blues,  and  is  soluble  in  water. 

Tlii*  salt  wa«  described  imperfi-etly  by  Monnct  many  years 
ftgo.  He  obliuncd  it  crystallized  In  needles.  The  simplest 
method  of  obtaining  it  is  that  which  nas  pointed  out  by  Ber- 
tliolleti  jnnior.  Pour  sulphuric  acid  into  protoebloride  of 
tin;  a  white  powder  falU,  which  is  tlie  sulphate.  It  dissolves 
in  mtter,  and  formii  by  evnponitlon  itin.-ill  prismatic  crystals. 
Alkalies  deeompo«c  it  imperfectly,  throwing  dim-n  a  ftubsul- 
pluite  of  tin.' 

WImui  it  is  exposed  to  a  red  lieat,  sulphurous  iK-id  and 
oxygen  gna  arc  given  »IT  and  peroxide  of  tin  remains. 

'J.  SulfAite  of  tin.  The  action  of  <iulp!iuroHs  acid  upon  tin 
sna  examined  by  Fonrcroy  and  Vauquelin,  during  their  expe- 
riments on  the  combinations  which  that  acid  is  eapable  of 
forming.  \\^l>en  a  ]>latc  of  tin  is  plunged  into  liquid  sulpbtir- 
oofl  add,  it  astumeti  a  yellnw  colour,  and  afterwanls  becomes 
bbck.  A  black  powder  '»  precipit«le<l,  which  in  sulphuret  of 
tin.  A  portion  of  tlic  acid  is  decomposed ;  the  tin  is  partly 
ttddbed,  and  combined  with  the  remainder  of  the  aciil,  imd 
pertly  precipitated  in  the  stale  of  sulphuret  combined  with  the 
sulphur  of  the  decomposed  acid.  Tliere  remains  in  solution 
hyposulphite  of  tin ;  fur  sulphur  precipitates  when  sulphuric 
aeid  is  addnl  to  the  solution,  f 

3.  Hypofulphilr  <if  /in.  Muriate  of  tin  occasions  no  preci- 
pilmte  in  the  solution  of  an  ulkuline  hyposulphite.  Hence  tlie 
byponilphite  of  tin  must  be  a  soluble  suit.) 
I  4-  Silmie  of  tin.  Nitric  acid  acta  witli  untuziiig  energy 
vpon  tin,  and  converts  it  into  an  oxide  with  the  evolution  of 
a  great  deal  of  heat ;  hut  there  seems  to  be  but  a  very  feeble 
afinit}'  tielween  that  acid  and  the  oxides  of  tin.  Ileiicc  the 
•aion  which  they  form  is  but  of  tnuisieni  dumtion,  the  oxides 
separating  when  any  attempt  is  made  to  concentrate  the  solu- 

'  flisiique  Clifai^e,  11.  iC*<.  t  Pourtroy.  ti.  30. 

I  UetKbeU,  Edin.  I%U.  Jour.  I  24^ 
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tion.     This  liRS  been  long  known  to  cfaembts,  and  lias  oce»-J 
uoned  a  variety  of  altein])ti*  to  make  the  soludan  of  tin 
nitric  acii)  mnri.-  jicnnanoiit ;  Imt  these  attemjil-s  a«  might  havf] 
been  expi:(!t»'(l,  hiivi-  not  boon  atU'ndrd  with  bucccss. 

When  nitric  seid  of  the  specific  gravity  1-1I4  is  pour 
upon  tin,  the  metal  is  diH^olvcd  rapidly  with  efTen'esconce  i 
a  g^eat  elevation  of  temperature,  wliieh  ou|^ht  to  be  mode 
by  pIuHj^ng  the  vessel  enntaininji;  the  mixture  in  cold  water. 
In  this  case  the  oxygen  is  chiefly  furnished  by  the  water,  andj 
the  till  is  only  eombim-il  with  a  minimnm  of  oxygen.  '11 
solution,  t)iiTofor>%  which  U  uf  a  yellow  colour,  is  a  real  mZ/tritl 
of  tin.  It  becomes  g;ra<lually  opu(]ue,  »n<l  depositee  a  whib 
powder,  which  is  an  oxide  of  tin,  with  a  minimum  of  oxygen, 
as  Proust  has  demonstrated.  This  oxide  separateit  in  gwtt 
abundance  if  tlie  solution  be  heated.  During  the  solution  of 
the  tin  a  quantity  of  ammonia  is  fonned.  When  potash  ii 
dropped  into  the  liquid,  thht  ammonia  bec«Hii«8  ccn^ible  by  ii> 
odour.  Hence,  we  see  that,  during  tlie  solution,  botJi  walrr  i 
and  nitric  acid  have  been  decomposed ;  their  oxygen  combiaf^  ■ 
with  the  tin,  and  the  hydrogen  of  the  one  uniting  with  lK« 
azote  of  the  other,  formed  ammonia.  If  a  little  nitric  uciil  W 
poured  in  and  heat  applied,  the  tin  precipitates  in  the  state  of 
a  peroxide.  • 

The  easiest  way  of  ohiiiiniiig  the  nitrate  of  tin  is  (o  dissolve 
the  hydnited  protoxide  of  tin  in  dilute  nitric  acid.  It  is  ■ 
yellow-coloured  solution,  whicli  omiiot  be  concentrated,  or 
ei-en  kept,  without  the  tin  frm<lua1ly  bein^  pcroxidizcd.  TW 
con«e<]uenre  is  that  the  prupcrlies  of  this  salt  cannot  be  Miidied. 

5.  Carbonate  of  tin.  As  far  as  ts  known  at  prctM-nl,  tbe 
oxides  of  tin  do  not  combine  with  carbonic  acid.  BergoMii 
failed  in  his  endeavours  to  form  tliis  combination ;  and  whvB^ 
the  oxides  of  tin  are  precipitated  from  ihtir  snlution  in  ari^fl 
by  alkaline  «kTbonate«,  he  foiin<l  tlutl  their  wciglit  reccirM 
scarcely  n  jierceptible  increuse.f  Nor  iiave  tbe  attempta  cf 
Proust  to  combine  these  bodies  with  carbonic  acid  been  at* 
tended  with  more  success, ;( 

B,  Phanphale  cf  tin.  Phosphoric  acid  has  soircelv  aTi 
action  on  tin  unless  when  it  U  exposed  dr^-  and  mixed  nilh 
that  metid  to  the  action  of  a  Mrtmg  heat.  In  that  case,  {Mirt 
of  the  cieid  is  decoinpo8«>d,  its  phwpliorus  combines  with  oat 
portion  of  tlic  tin  and  forms  a  phosphuret,  while  the  oxide  <£ 


*  ProiMt,  Jour,  dc  Phy*.  Ii.  ITS. 
t  Jour.  <le  I'hj-s.  Ii.  107, 
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■tin  unitM  with  the  ondfoomposed  acid  and  forms  a  phosplintc.  * 
This  suit  precipitates  also  when  tlie  alkaline  pliuspliates  arc 
mixed  with  a  §olutioD  of  protochlnride  of  tin:  and  it  may  be 
fonncd  by  digesting  oxiilo  uf  tin  in  pliuvpiioric  acid.  It  is  a 
white  pow<ler,  insoiublc  in  wAt«r.  'i'in  does  not  precipitate 
cn])pef  from  muriatic  acid.  PItmplmtc  of  tin  melu  into  a  gloss 
when  heated,  f 
I  7.  l'Mi*}iAite  of  tin.  This  salt  may  be  obtained  by  mixiugf 
"^og^'lher  wlutionK  of  protocliloride  of  tin  and  protochtoride  of 
phoephoriis  saturated  willt  ammonia.  It  is  a  wliilo  insoluble 
powder.  AVhen  dissolved  in  muriatic  acid  it  eoM>titiiu-H  a 
powerful  reactive  for  the  difficultly  oxidahle  metnU.  When 
heated  it  KweliH  up,  becomes  block,  luid  melts  without  any 
himiuouK  appearance.  It  yields  a  gas  which  contains  a  good 
de.ll  of  phosphorus,  and  phosphorus  even  sublimes  from  it.  Ila 
ooiistituenls  appear  to  be 

1    atom  phosphorous  acid         .         ,         3*5 
I    atom  protoxide  of  lin  ,         .         6^35 

j  atom  u-ater  .  .         .         0-5635 


l2-dl25t 

8.  Arteniale  <^tin.  When  lin  i*  trcstcd  with  arsenic  acid 
in  a  digesting  heat,  it  is  slowly  oxidize<I  at  the  expense  of  tlic 
acid,  and  the  Hoiution  at  last  assumes  the  form  of  a  gelatinous 
maao.  Anenie  acid  preclpilatea  tin  from  acetic  acid,  and  tlie 
alknlinc  arscniates  occasion  a  precipitate  when  poured  into 
protochtoride  of  lin.  The  precipitate  is  arseniatc  of  tin  in  the 
form  of  an  insoluble  powder,  which  hitherto  has  not  been 
examined.  § 

9.  Borate  t^  tin.     Iloracic  acid  does  not  attack  tin ;  hut 
rax  produces  a  precipitate  in  llie  protochtoride  of  tin.     'Hie 

white  powder  which  fallH  in  insoluble  in  wat4-r :  in  a  strong  heat 
melts  into  an  opaque  »lag.  |; 

10.  ('hromate  of  tin.     When  protochtoride  of  tin  is  mixed 
an  cxc<'«s  of  chromate  of  potailt,  demtc  brownlsh-yeltow 

flodu  pri*eipitat<-.  Wlien  we  <lt«iotve  iliem  in  muriatic  acid 
the  salt  h  destroyed,  tlu^  chromic  acid  being  converted  into 
green  oxtde  and  tlie  tin  into  peroxide. 

1 1.  Oxalate  of  tin.  Oxalic  acid  attacks  tin  when  assisted 
by  heat     The  metal  is  first  blackened,  an<l  is  ttien  covered 

*  Pelltticr,  Ann.  dc  Cliim.  xiu.  IG.  t  Weniel'*  %'crwandicludl,  p.  17^ 
I  Mitchcrlich.  Ann.  dc  Chiin.  ci  ile  Vhj*.  xxx*.  818.  $  tkbcde,  L  180 
I  WcBMl's  VemndlHhift,  p.  ■iit. 
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>  ■■  widi »  white  crust  of  oxittc.  Tbe  Holiitioii,  wliicli  lun  an  auMen 
taslr*  by  itluw  vmponilioii  yiclfls  priMnatio  cryslaU;  but  vrfaen 
eviiporutod  riipidly  by  mcuns  of  m  Strang  heat,  it  leaves  a  hmm 
rotiombliiig  horn.  * 

1'2.  Croconate  <^  tin.     Croconatc  of  poUiah,  when  »lro("pc4 
into  protoohloritlfl  of  tin,  throws  down  a  while  precipitate.  \ 

13.  AcetaU.  of  tin.  Acetic  acid  attacks  tin  very  ilowly, 
even  when  assisled  by  heiil,  wkI  oxidizes  and  dissolves  only* 
sniull  portion  of  iL  The  »pontnnvou«  action  of  this  acid 
on  tin  v»AcU,  wlicn  in  the  state  of  vinegar,  was  exaniiMd 
by  Vauqnclin.  The  subject  was  of  iinpottance,  beamw 
vine^r  is  usually  measured  out  in  tin  ve»soli«.  Now,  u  Umm 
vessels  contain  always  a  little  lead,  and  as  the  salts  of  lead  km 
idl  poi^M)nouH,  it  niui  of  consequence  to  determine  whellwrllM 
viiict^ir  uc(ei)  on  the  vessel,  and  if  it  did,  whether  ita  aetioa 
yews  cinifnied  to  the  tin,  or  extended  nlso  to  the  lead ;  bcwM 
in  llii.t  last  ease  the  vinegar  would  be  convettod  into  a  pobon. 
Tlie  revult  of  ihis  inve.i ligation  was*  that  a  small  portion  of  tin 
was  di'»ulvcd ;  and  that  when  the  lead  exceeded  tbe  sixtli  pan 
of  tlie  tin,  a  Nniall  jiurtioii  of  it  was  also  dissolved  at  tliot  port 
of  tlie  vessel  only  which  wns  in  coalftct  botlt  with  the  vinegar 
and  the  air.( 

When  acetic  neid  is  boiled  upon  tin,  the  mctnl  m  ffmdially 
dissolved,  combining  with  oxygen  at  tbe  expense  of  the  watet. 
The  wlution  Ims  a  whitish  colour,  and  yields  by  evapofiDM 
■mall  cryelalB.  This  fact,  first  mentioned  by  Lemery,  hadhtta 
denied  by  Monnet,  W'cstendorf,  and  Wenzel,  who  could  only 
obtain  Awn  it  a  gummy  awss.  But  Morreau  established  Uic 
truth  of  Lemery's  observation,  by  cryslulliziiipr  acetate  «(  tin 
by  spontaneous  evaporation.}  It  b  easy  to  uocoimt  for  tbe 
diAcrent  results  obtained  by  tliese  cltemtsts.  The  crytttk 
were,  no  doubt,  actiate  of  tin,  the  frtimmy  mass  ptract^tt  sf 
tin.  The  simjdeat  method  of  obtaining  the  aci^tatc  of  tin  i*  to 
mix  togetlier  the  solutions  of  protochloride  of  tin  aiid  acetate 
of  lead. 

14.  Laciatt  of  tin.  The  solution  of  tin  in  luetic  add  vh>n 
coiic^^'ntrated  lets  Ml  some  peroxide  of  tin,  and  depoetitea  mall 
octahedral  crj-stab  of  lactate  of  tin.  t| 

15.  Formate  of  lin.  A  white  insoluble  powder,  beflotninfr 
black  when  heated,  f 

10.  Tartrate  <^  tin.     A  solution  of  tartaric  acid  readi}}' 

•  B«smsn.  i.  SCO.         f  L.  Gmclin.         t  AntLile  Chlin.  luii.  243. 
J  BAcycl.  Mctbod.  driiii,  i.  83.  ||  iiraeoaoat.       1  ArfVodMB. 
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re*  till,  «iid  Uitmtc  of-  tin  k  graduull)-  dcpoutcd  in  *"'  "*'• 
needles  not  rnsily  soluble  in  water. 

17.   Vinalt  o/"  tin.     Tin  <Ii9solves  vory  slowly  in  vinic  nd^L 
'W'bcn  Hk  solittioti  is  concentrated  it  deposim  vinate  of  tin  in 
colourless  Bat  6  or  8  ftided  prisms,  easily  soluble  in  n'ater,  * 
■   16.  Malale  of  tin,     'I'IiIh  nhIi  doe;*  not  crystallize,  ia  very 
Pp1u)>Ii>  in  water,  and  nbsorbs  mobliire  from  tbe  almoxplirre.f 

10.  SuetineUe  of  tin.  Succinic  acid  dissolves  tlic  oxidv  of 
Jill  when  H»i»tcd  by  hcaU  llic  aoliitton  by  evaporation  yioMs 
lliiif  brottd,  tniitsparont  cTystals.^  Thw  suit  eonbiined  little 
tan;  00  that  the  prinrii»il  portion  remiiiucd  in  solution. 
^  90.  BmsoiUt  qf  tin.  Neither  (in  nor  its  oxide  is  soluble  in 
Mnzoic  ncUl ;  but  when  benioate  of  potash  b  poured  into  a 
Khillvn  of  tin  in  uilro-muriatic  acid,  benzoale  of  tin  precipt- 
Btet.  Il  is  soluble  in  water  by  tlie  aaaiMance  of  heat,  but  in- 
■okible  iu  alcohol,  and  deeomiMMed  by  the  action  of  heHt.{ 
BcwKHttv  of  pAtiuiJi,  when  dropt  into  protocbloridc  of  tin,  occa- 
liioiti* «  white  prceipilnte  somewhat  suKiblo  in  hot  water,  but 
not  in  alcohol. 

•2i,  Camphoralt  of  tin.     A  white  prceipiute  obtained  by 
flouble  affinity. II 

HQ.  Stiberate  i^ftin.    Suberic  acid  throws  down  protocliloride 

P  white. 
PituUe  if  tin,  obtiiined    by  double  affinitv,  is  com- 
Piuic  acid  ,         .         lOU 

Protoxide  of  tin     .         .  1^1 

SECTION  XXVI. — •ALTS  OF  PKBOXIOE  OP  TIN. 
Tltcw  «alts,  in  (heir  geneml  characters,  resemble  tlioM  of 
the  prccedinfi^  section,  But  thoy  arc  united  by  n  weaker 
nffinity,  and  few  or  none  of  them  can  be  exhibited  in  a  cr^oial- 
tixed  slate.  Indeed,  mi  weak  is  the  aHGoity  of  [leroxide  of  tin 
tot  aciiU,  that  it  batt  been  frequently  considered  rather  ao  po»> 
••■bi^  acid  tliau  alkaline  chancters.     The  |wn>xided  salts  of 

El  powK-ss  tlie  futlowiii^  dmractt-n> : 
I.  Potash  throws  dou'n  u  white  precipitate,  Holnble  in  an  ometm. 
ceas  of  the  ulkalL    Out  no  btuek  powder  appears  on  boiling. 
'J.   Ammonia  throws  down  a  white  precipitate,  which   b 


L 


•  WaMiacr.        t  Bntonnot.        |  Wnitri**  V*rwmi4f«ktSt,  p.  HI. 
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3.  PnissiAUt  of  potasli  oocasioni  tio  immediate  prccipiute: 
but  after  some  time  the  wbole  congeals  to  a  suff  yellow  }cUy, 
which  is  insoluhle  iii  muriatic  acid. 

4.  Hyiirosuljiliuret  of  itmmotib  tlirows  down  a  yellow  pt*- 
cipiLiIe,  redti«M>lve(l  by  adding  nn  excfitu  of  tlie  prrdpilnnt. 
Sulpliiirotu-H  liyHrogcti  proHiK-cs  no  immediate  effect,  but  aAcr 
Boinc  tiinc  ii  yi-How  precipiiiile  hMn. 

If.  A  bar  of  xinc  throws  down  a  wliit«>  |;chitinous  precipitate. 

1.  Sulpfmttd  peroxide  of  tit*.  Tliis  suit  may  be  obtainwl  bj' 
dissolving  liydratcd  peroxide  of  tin  in  dilute  sulphuric  acid. 
M'hen  tlie  solution  is  concentrated  it  is  converted  into  a  gda* 
tinouH  ma»s.  When  it  w  again  diluted  with  water  a  pottMo 
of  peroxi<lo  of  tin  Mcpumtes. 

2.  Kitratfd  peroxide  of  tin.  Nitiic  acid  di«M)lYes  hyJratfJ 
peroxide  of  tin,  and  is  completely  neutralized.  The  solutiiw 
bas  an  astringent  taste.  Wben  mixed  wttli  stronger  acid  ■ 
portion  of  the  nitrated  peroxide  U  thrown  down  in  sillcy  pbt*\ 
Wben  tlie  solution  ik  hmled  to  122'  almost  the  whole  prt- 
oxide  fnlU  in  the  state  of  a  hydrate.  If  the  liquid  conloin* 
ammonia,  tliis  decompotition  by  heal  does  not  take  pW-e.* 

a.  Scienited  fwroxide  if  (in.  This  sail  is  a  white  powilrr 
insoluble  in  wnter,  but  Huluble  in  muriatic  acid,  from  whicliii 
is  precipitated  by  tcater.     Ileal  decomposes  iLf 

4.  A»Ht>Ktmated  peroxide  of  tin.  Thiscomponnd  Isobtain/i! 
when  solultnn.'*  of  antimonic  acid,  and  peroxide  of  tin  in  tauti- 
aticaciduremixcdt<igcther,  and  tlien  diluted  with  water.  'H* 
two  oxides  precipitate  in  combination,  leaving  tlie  muriatic  aciil 
almoNt  in  a  state  of  liberty.^ 

5.  Chromatid  peroxide  of  tin,  Perehloridc  of  tin  give*  nitli 
chromate  of  potash  an  orange-yellow  precipitate. 

6.  Moti/tidativl  peroxide  of  tin,  A  g^ay  matter  not  wloUt 
in  water,  but  ooluliie  in  dilute  muriatic  acid  with  a  blurcoloar; 
in  conci'ntrated  muriatic  aci<t  witli  u  green  colour;  anil  in 
potash  with  a  brown  colour.     Nut  alteretl  by  nitric  acid.J 

7.  lodated peroxide  qf  tin.  lodatv  i>fpoln>h  tlirowa  dona 
white  precipitate  when  dropt  into  percbloride  of  lin.|| 

9.  Acetaied  peroxide  of  tin,  A  yellow  coloured  gum  like 
mass.^ 


I 


*  BerxcliiiR.     lie  remarked  that  the  hfdnttMt  peroxide  ibmwn  ila*> 
froin  nitrate  by  hcut  U  not  again  *olublc  in  acids  till  it  be  treated  wiik  i"* 

BlDflio. 

t  Bcrrdiiiii,  Ann.  de  Chint.«t  >lc  Phy».  ix.  311.  |  TTwouA 

j  BerxEliu*.  g  Plcisenl.  f  V«U>L 
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9.  Suttinated  pertaiite  of  tin.  Obtained  by  double  affinity. 
■A  wliiu-  insoluble  powder. 

Pinalfd  i>emziiif  of  tin.  Otitainrt)  by  douMc  ftflinity  \n 
y«llow-isli-gray  flocks  )tii*oliib1c  in  water,  oil  of  tiirpeutinp, 
nnd  fat  oiU,  but  soltible  (\chile  at  the  same  time  U  is  decom- 
{MWed}  III  alcoliol  and  eth«r.* 

SP.CTIOK  XXVir. — BAITS  OF  BLACK  OXIDR  OF  COPPKR, 

I'bffite  saliA,  in  consequence  of  the  facility  with  which  cop- 
per ntisorbs  oxy^n,  src  iii  general  more  easily  formed,  and  of 
cuurae  may  be  more  readily  examined  than  several  of  the  other 
gpnera>  Hence  no  doubt  the  reason  tliat  some  of  them  have 
been  so  long  nnd  so  generally  employed.  The  alchymists  and 
(lie  earlier  cliemists  distinguished  ihem  by  the  name  of  galtn 
of  I'rmit,  h<.-euuse  Venus  was  the  term  which  ihey  gave  to 
copper, 

'VUe  cupreous  salta  may  be  <li«ttngui«hi'd  by  tlic  following 
pro)>ert)e8 : 

I.  They  are  almoKt  all  soluble  in  wnter,  or  at  least  become 
so  by  (he  aihtition  of  an  acid.  This  solution  bus  eitlior  a  blue 
or  a  green  colour,  or  it  acquires  that  colour  after  l>cing  fur 
Mome  time  ex{MiM-d  to  tlie  air. 

S.  When  ammonia  is  poured  into  tliisHolntioii.  itastiumesa 
deep-blue  colour. 

3.  i'rusaiate  of  potash  occasions  a  red  coloured  predpitato 
when  poured  into  a  cui>reous  solution. 

4.  Mydrosulphuret  of  potash  occasions  a  black  precipitate. 

5.  Gallic  acid  occasions  n  brown  precipitate. 

fl.  A  plate  of  iron,  when  plunged  inti>  ii  liquid  salt  of  copper, 
precipitatex  the  copper  in  ii  mctidlic  Mate. 

1.  Sulphate  »(f  cofrfirr.  Sulphuric  acid  does  not  uttnck  cop- 
per while  cold ;  but  at  a  boiling  heat  part  of  the  acid  is  decom- 
posed, the  copper  is  oxidi/e<!,  and  inmliines  with  the  rcmaimlcr 
jof  the  acid.     But  recoime  is  wldoin  liud  U>  tbii  process,  as  the 

Iphale  of  copper  ih  found  native  abundantly,  dissolved  in 
minertd  waters  connected  with  copper  mines.  From  these 
trnteni  it  is  often  obtainetl  by  evaporation;  or  it  ih  fornted  hy 
burning  native  sulphuret  of  copper,  or  by  moistening  tliat  suIk 

•  UnTonloriKn. 
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Hlaiicw  and  exfMWing  it  to  the  nlr.  By  either 
of  thfsc  DictLixl)!  the  sulplinr  is  aci(lifi«<l,  snd 
tbc  ealphfttv  of  copper  formed.  Thit  nit 
tppesn  to  hsTC  bcrn  knotm  to  the  nthirtl 
In  coininprc«  it  is  riiFlingiiislieii  by  ibe  naaw 
of  biue  vitrioi,  and  »oin«ttm«ti  by  tbat  of  Ate 
(opperas.  It  has  a  <ti>i'p  blun  colour.  It 
cr)-stalliz«  readily,  un<I  tin'  primarj"  form  of 
the  crystal  is  a  doubly  oblique  prtsn,  u  re- 

prenentod  in  tbc  margpn.     The  following  arc  ihi  muuuraiiMBli 

of  its  angicK : 


1 


Pom  M 

, 

, 

127"  Sff 

P  on  T 

, 

, 

loa  00 

MonT 

• 

» 

133   00 

The  lateral  edges  of  tlii>  prbDM  are  often  replaced  by  tangHtj 
planes.     Hirse  cr)-sta]!i  reflect  doobly.* 

It  lias  a  strong  Bt)-ptic  metallic  taste,  and  indeed  is  onplnyedw 
•  caustic.  Its  specific  gravity  is  2-23.f  lOOpartaofwatezattfo 
tempcTBture  of  GO"  diKsoIre  45-3AS  parts  of  tiiis  alt.  WlilB 
exposed  to  the  nir,  it  undergoes  a  very  sliglit  effloreaomee,  and 
it.'»  surfnw  h  covered  witli  a  greenisli-white  powder.  Wh« 
beatcd,  it  loses  its  water,  and  is  eotiverted  into  n  blutsh-wlitt 
pon-der :  if  the  heat  be  increased,  the  acid  is  driveti  off,  aai 
the  bhiclc  oxide  of  copper  rcmaini«  behind.  The  coastjlumis 
of-tbiti  salt  are  as  fulloH'x : 


1  atom  sulphuric  ucid 
I  atom  oxide  of  copper 
S  atoms  water 


6 
5 

15-625 


3.  GrHnm^^HOei^eopper.  This  salt  may  be  obtained  liy 
cryslallixtng  a  solution  of  the  preceding  in  a  warm  place.  I' 
has  a  green  colour.  Its  rrj-siaN  arc  right  rectangular  priow, 
the  I)iis<!'  of  which  iirc  Apparently  nquare*.  These  prtsnum 
email  and  firm,  and  are  not  altered  by  cxposnre  to  tlw  sir. 
When  heated,  the  salt  gives  out  water  widi  n  tntce  of  weA 
and  bccones  nearly  white.     It  docs  not  melt.     Its conslitoentt 


are 


•  rrieur,  Ann.  de  Chim.  Ixvi,  \W. 

i  According  lo  Dr.  Wiition  (rhciMOtl  EiMp,  »,  SO). 
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I  atom  sulphuric  acid         .        .  5  swcxivnj 

1  aum  oxide  of  copper       .         .  5 

,1  .ftom  waler  .         .  MS5 


I1I23 
3.  DitviphaU  (^  copper.  When  the  crystals  of  blue  buI- 
l|>bat«  of  copper  are  disflolvet)  in  wnur,  and  Uic  ttolutioQ  boiled 
'  for  a  long  time  with  a  quantity  of  bbck  oxide  of  copju'r,  equal 
'  |p  ^t  contained  in  the  »ult,  tlio  ootutJun  becomes  at  last  colour- 
Iqn,  and  a  green  cvloumd  powder  in  deposited,  containing  all 
the  oxide  of  copper  and  alt  the  sulphuric  add.  It  is  therefore 
a  dimlphate  conipo!ied  of 

Kl  atom  sulphuric  acid  .         .  10 

■  S  atoms  oxide  of  copper  .  5 

A.  TVu-aulpkaie  of  copptr.  When  a  Holution  of  blue  «al- 
phntc  of  copper  is  boiled  with  oxide  of  zinc,  tlie  latter  oxide  !• 
diflwired,  and  a  bluiab-green  precipitate  U  depotiited.  When 
Ibia  precipitate  is  boiled  in  crater  as  long  as  the  liquid  dissolves 
any  tiling,  It  becomes  a  pure  tris-sulphate  of  copper.  BerthoUet 
firat  pointed  out  tliis  method  of  obtaining  a  subsulphitte  of  cop- 
per,* and  Bnmner  subjected  it  to  analysis,  and  found  its  con- 
•thanrti  to  be 

Sulphuric  add  .         .  22-62 

Oxide  of  copper  ,         .  65-61 

Water  .         .  11-77 


I 


lOO-OOf 
K  lids  u  obviously  equivalent  to 
H  1  atom  sulphuric  acid 

B  3  atoms  oxide  of  copper 

^^^_        S  atoms  water 

^^  M-25t 

Tbii  salt  may  be  obtained  also  by  pouring  a  small  quantity  o 
Mtndo  potash  into  a  solution  of  blue  sulphate  of  copper. 
WM  obtained  in  this  way  by  Proust,  and  Berzelius  showco  oy 
an  analysis  that  it  ia  a  tris-sulphate  of  copper  cODlaiiilng  lliree 
atoms  of  water. 

n.  de  Chim.  xlix.  I.  f  V^^gmAotVx  Aiuwlcn,  xv.  461k 

X  The  witar  saooDU  to  fijd  uoois ;  biu  the  cxeen  is  doubtlcH  hjrp^ 
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6.  TetartostUphate  of  copper.  When  soludons  of  snlpliate 
of  potash  and  blue  sulphate  of  copper,  in  ^omic  pn^mrtiMia, 
are  mixed  together  and  boiled,  the  liquid  becomes  mQddyi.*iid 
a  light  green  powder  precipitates,  which  collects  bother  at 
the  bottom  of  the  vessel.  When  this  precipitate  is  washed 
with  cold  water,  and  then  dried  between  folds  of  blotting  p^KT, 
it  still  retuns  some  potash,  but  if  it  be  boiled  in  repeated  p«^ 
tions  of  water  till  that  liquid  ceases  to  be  rendered  muddy  bf 
chloride  of  barium  or  prussiate  of  potash,  it  constitates  a 
simple  tetmsulphate  of  copper,  united  to  a  certain  quantity  of 
water.  This  salt  was  first  obtuned  and  analyzed  by  M.Bnumer. 
He  foimd  its  constituents  to  be 

Sulphuric  acid         .         .  18-65 

Oxide  of  copper      .         .  eT-Se 

Water  .         .  13-39 


lOO-OO* 
This  is  equivalent  to 

1         atom  sulphuric  acid, 
3-644  atoms  c\ide  of  copper, 
8' 16    atoms  water. 
Hence  1  am  disposed  to  consider  the  true  constituents  of  tUi 
salt  to  be 

1  atom  sulphuric  acid  .         .  5 

4  atoms  oxide  of  copper         .         .         20 
3  atoms  water  .         .  3-375 


28-375 
6.  HypomlpfuUe  of  copper.  May  be  obtained  by  deooaqw»- 
ing  hyposulpbate  of  barytes,  by  means  of  blue  sulphate  of  cop- 
per. By  concentrating  the  solution  it  may  be  obtained  in 
doubly  oblique  prisms,  differing  very  little  in  their  sh^te  &M 
the  crystal  of  blue  vitrioL  These  crystals  effloresce  somewhat 
when  exposed  to  the  air.  The  salt  is  very  soluble  in  water, 
but  insoluble  in  alcohol.  Its  constituents,  according  to  the 
analysis  of  Heeren,  are  as  follows : 

1  atom  hyposulphuric  add         .         .  9 

1  atom  oxide  of  copper  .         .  5 

4  atoms  water  ,         .  4*5 

18-5t 
•  PoggeodorTa  Annalen,  xt.  478.  +  I^  tH.  IW. 
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^     7.  Tetarto/>i//>Ofuli>hale  of  copper.     "When  an  aqueous  solu-  s««.  xxttt 

tioa  of  the  preccdiiip;  silt  is  mixed  willia  lilU«?  lunmoniaa  v«r- 

dlfffrM-grcen  precipitate  felli,  whicli  givvs  »  green  colour  to  J 

Ryrup  of  %'ioleu.     It  absorbs  some  carbonic  ucid  gas  from  tii«  J 

air.     When  heated  it  becomiM  yollow.     Its  conxtituenu,  m  ^^I 

determined  by  the  analysis  of  Hecreii,  arc  as  follows :  ^^| 

b                1  atom  liyposulphuric  ncid                  ^  ^H 

^^^K          4  atoms  o.Tide  of  copper                   30  ^H 

^^^L^   4  atoms  water                                      4*5  ^H 

^^^^  33S»  ^1 

H  8>  Xitrait  of  copper.  Nitric  acid  attacks  copper  with  con-  ^^| 
sidiT»)>)i-  violi'nce,  nitrous  gus  is  emitted  in  great  purity,  while  ^^| 
the  mvXai  w  oxidized  and  dissolved.  The  solution  is  of  a  fine  ^^| 
blue  colour,  and  when  slowly  evaporated  yields  regular  crys-  ^H 
talfl  of  nitrate  of  copper.  ^^| 

These  crystals  are  flat  four-aided  ]>rism3,  ap]*rc»tJy  rectan>  ^H 

gular.     Their  specific  gravity'  is  2'l74.f     lliey  Iiavv  u  Jino  \ 

blue  colour,  tlieir  Lute  is  acrid  and  metallic,  and  they  arc  vx- 
vee<lingly  citustic,  corroding  the  thin  with  great  energy.  They 
arc  Tcr)'  soluble  in  water,  and  when  exposed  to  die  air  gra- 
dually  attract  moisture  and  deliquesce.  At  a  heat  not  exceed- 
ing 100°  they  undei^  the  tcatcry  fuuon,  and  if  the  heat  be 
increased  they  lose  their  n-atcr  and  part  of  tlieir  ncid.  On 
btmiiig  coals  they  <letonate  feebly.  These  crystals  detonate 
-■bo  when  mixed  with  phosphorus  and  struck  irith  a  banimer, 
M  Brugiuttelli  fitsi  observed.  When  a  quantity  of  them, 
-moistened  with  water,  is  wrappt^d  up  in  a  shetit  of  tinfoil,  tliey 
act  with  amazing  energy  upon  tliat  metal,  nitroua  gas  is  emit- 
ted, a  ctrong  heat  is  prwluceil,  tlie  tinfoil  is  hurst  open  in  every 
direction,  and  very  ofU-n  it  lakex  fire.  This  curious  experi- 
ment was  first  mode  by  Dr.  Higgius.t 

The  constituents  of  tlii«  salt,  according  to  my  analysis,  are 
1  atom  nitric  acid  .  6'75 

I  atom  oxide  of  copper     .         .         5 
7  atoms  water  .        .        7-675 


9.  TrimitraU  of  ropjtn-.  This  salt  is  obtained  when  we 
lutioiisly  heat  the  preceding  salt  till  it  ceases  to  be  soluble  in 
Atcr.     It  is  n  sol^  blue-coloured  powder,  composed  of 

•  Pogpntiorr*  Annnlfn,  vii.  187. 

t  MsMcnInU,  Ann.  Jc  Chim.  slii.  SIS.        I  PhO.  Tnni.  Ixiii.  13T. 


664 


OXTfiEM  ACID  SALTS. 


1  atom  nitric  ucid 

8  atoms  oxide  of  copper 

4&taiiu  water 


6-75 
15 
4-5 


26-S5 

10,  TetartanitraU  qf  rapper.     This  ciilt  may  be  obtained  kr 

precipitating  nitrate  of  coppi>r  by  ammonia,  wadung  the  pre* 

dpiCatv  with  water,  and  drying  it  tn  a  ^itl«  IwflA.     It  is  a 

[beautiful  light  coppar-gT«en  insoluble  powclcr.     Ila  cowtitii- 

I  cnts  are 


1  atom  nitric  acid 

4  atoms  oxide  of  copper 

5  atoms  wat^ 


6-73 
20 
5-62A 


32-375 

1 1.  Pentanitrttte  of  c<^ptr.     MTien  potash  ib  poured  inu  < 

•olution  of  nitrate  of  copper  a  blue  precipitate  appears,  whiii 

won  iKconies  gieen  by  agitation,  providwl  tlic  quaiititjr  d 

potasli  be  insufficient  to  deoompose  the  whole  of  the  lumtc 

Mr.  I^rourt  has  prored  that  this  green  precipitate  ia  a  «ahiii- 

tntte  of  copper.     It  may  be  obtained  also  by  distilling  utntt 

of  copper  in  a  retort.     At  a  particular  period  of  this  prootsi 

the  salt  becomes  thick,  and  encrusts  the  retort  in  tb«  state  <^ 

•  green  hunellar  concretion.     It  is  then  converted  into  sabot' 

Irate.     This  salt  is  completely  insoluble  in  water.     Sulphiuic 

add  separates  its  acid,  and  the  same  aeparution  may  be  cdeMtd 

also  by  distillation.     Berzclius  likewise  ejuunined  this  snboi- 

trate,  which  he  obtained  by  rarious  prwwssca,  but  fouiiil  it 

always  the  same.     Its  constiiaonts  are  as  followis: 

1  atom  nitric  ucid  .         .         6*75 

S  atoms  oxide  of  copper    .         .       S5 

5  atoms  wntcr  .         .         d'695 


37-373" 

13.  Hyponitrite  of  copper,  \Mien  byponitrite  of  lead  ui>! 
blue  vitriol  are  mixed  in  the  atomic  proporlioiut  wc  obtain  a 
green-coloured  solution,  which  when  bented,  is  converted  iB» 
nitrate  of  «^per.t 

13.  CMora/e  <ff  copper.     Peroxide  of  copper  dissolires  reaifiijr 

in  chloric  acid.     It  it  not  [lOMiible  to  iieiitrolixe  the  add  bjF 

this  oxide.     The  salt  doen  not  cry&lalliae  readily.     Its  coktof 

is  green.     On  burning  coab  it  fuses  slightly,  ami  gives  outs 

*  Btrsdiui^  Add,  de  Cbia.  Ixxxii.  SAO.  f  Bsruliiu. 


I 
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green  l^Ut.     Paper  dipped  into  the  Holution  of  tbis  (alt  bunifl  ***  i"vit 
«Hth  «  line  green  flame,  at  a  tomperatiu^  inferior  to  what 
would  be  re<]UL«ite  to  set  fire  to  the  paper  it»olf.* 

14.  lottalt  of  topper.  When  solutions  of  sulphote  of  copper 
uid  io«lnte  of  potaxh  are  mixed  a  precipitate  foils,  which  is 
•olubte  ill  nc)d».f 

15.  Hydrvu^irarbottate  rf  copper.  Carbonic  acid  does  not 
attack  copper,  but  it  combine!)  rendily  with  iu  oxide,  or  with 
the  bydnitc  of  copper,  when  tbnt  compound  It  tnixnl  wilJi 
water,  and  a  current  of  Ciirltonic  acid  gOA  mtule  lo  pa«8  through 
h.  Or  the  curboniito  may  bi*  formed  by  prci-ipttatiii);  a  solu- 
tion of  nitrate  of  coppi*r  with  a  fixed  alkaline  carbonate^  To 
give  the  earboiuitc  nil  iu  lustre,  the  Kolution  Khould  be  mixed 
with  boiling  water,  imd  the  pr«oipilate  should  W  wnslicd  with 
great  care,  and  exposeil  to  tlu-  li^ht  of  the  sun.  It  has  then  a 
fine  apple^reen  colour,  and  it  is  found  often  native  in  its 
greater  beauty.  The  native  hydrous  carbonate  is  known 
among  mineralogists  by  the  name  of  malachite.  It  b  inHoluhle 
in  water,  and  is  converted  to  black  oxide  of  copper  by  the  ac- 
tion of  beat.  It  occurs  occasionally  cryslal listed,  and  tlic  prim- 
ary  (otta  of  the  crystal  b  an  oblique  rhombic  prism,  the  base 
of  which  Id  inclined  lo  tlie  lateral  tiices  at  angles  of  1 12°  52', 
mod  the  inclination  of  tlie  faces  of  the  prism  is  107"  20'.     Its 

ccUic  gnvity  is  about  4,  and  it  has  an  emerald^een  celoitr. 
lie  conatituents  of  this  salt  are 

I  atom  carlwnic  add         .         .         2*75 

S  atoms  oxide  of  copper   .         .       10 

1  tuom  WiUer  .         1*126 


13-875 
16.  AnJij/droiu-diairbimtUe  of  copper.     When  the  preceding 
It  in  fine  powder  is  boiled  for  some  time  iu  water,  it  becomes 
Dwn.     MM.  Colin  and  Taillepcrt  have  shown  that  when 
thus  treated,  it  is  atibydiniL's  and  composed  of 
^  1  atom  c3irbonic  acid  .         2*75 

^^—^       2  atoms  oxide  of  copper  .  10 

f  i» 


I2-75J 


*  VauqiwHn,  Ann.  de  Cliim.  xcv.  133.        f  Gay-Lunac,  ibid.  xd.  OS. 

I  Hr.  Cbenetu  liu  bIiowu  iliu  the  ftllutinc  CDtbonntd  hurv  tlic  pro- 
[Mrtjr  of  dbaalting  s  ponJoii  of  the  oxide  of  copjier,  snJ  of  fomuAi;  with  it  ■ 
uiplaadt. 

$  Ana.  do  aum.  tt  Ae  Ph/i.  sil.  e>. 
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Ohi  l  litis  anhydrous  cUcarbonate  exists  in  India  in  coosidenUe 
quantity.  It  is  in  brown  amorphous  masses,  mixed  genenlly 
with  a  little  peroxide  of  iron,  running  through  it  in  small  toos. 
Often  also  thin  veins  of  malachite  tiarerae  it  irregulariy. 

17.  Hydroas-stAaetguicarhonate  of  copper.  This  salt  is  pn- 
pared  artificially,  and  sold  under  the  name  of  blue  verditer,  bat 
the  process  is  kept  secret.  It  is  prepared  by  silver  refinm 
from  the  solution  of  nitrate  of  silver  remaining  after  precipt 
tating  the  silver  from  nitric  acid.  It  exists  native  in  boos 
quantity,  and  is  known  by  the  name  of  blue  copper  ore.  Itii 
a  fine  azure-blue  mineral,  sometimes  opaque,  but  often  tnn- 
lucent,  and  crystallized  in  oblique  rhombic  prisms  approsduBg 
the  cube.  The  base  of  the  prism  makes  with  the  lateral  fins 
an  angle  of  91°  30',  and  the  two  contiguous  lateral  &ces  meet 
at  angles  of  99°  and  81°.  It  is  harder  than  calcareous  qar, 
t  and  has  a  specific  gravity  of  3-831.  Its  constituents,  accotd- 
,ing  to  the  analysis  of  Mr.  Phillips,  are 

1    atom  carbonic  acid      .         .         3*75 
1|  atom  oxide  of  copper  .         .         7-25 
^  atom  water  .         .         0*5625 


10-5625* 

16u  HydrtUed  diphosphate  of  copper.  This  salt  was  diicO' 
vered  in  1812  in  the  mine  of  Liebetben  in  Hungary  by  BL 
Rosner.  It  is  crystallized  in  octahedrons  with  a  rectangnht 
base,  the  faces  of  which  (at  the  base)  are  inclined  to  each  otbir 
at  angles  of  100"  to  110°.  Its  colour  is  greenish-blade,  sod  it 
has  considerable  lustre.  When  calcined  it  assumes  a  beauti- 
ful grass-green  colour.  Its  constituents,  as  determined  bf 
Berthier,  are 

Phosphoric  add  .         .       28-7 

Oxide  of  copper  .         .       63-9 

Water  .        .         7-4 


lOO-Of 


This  is  obviously  equivalent  to 

1  atom  phosphoric  acid  .  .  4-5 

2  atoms  oxide  of  copper  .  .  10 

1  atom  water  .  .  1*125 


15*625 

*  lutitution  Jounisl,  iv.  £73.  f  Aon.  dee  BCoes,  ria.  3S4. 
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1 9.  /fyt/vtu  trinjiho^ihaif  qfcopprr.     T\m  salt  occurs  native  *«*■  **vii.| 
\  in  vciii»,  iraveniDg  gniy-wacke  slate  near  Rhcinbrcitbacli  on 
the  Rhiiip.     The  OolniiT  U  green  of  various  stiados,  aiid  tlic 
streak  green,  but  a  little  pale.      It  occurs  crystallized,  and  the 
primary  form  of  tlie  crystal  is  an  oblique  rhombic  prism.     The 
hase  u  inclined  to  the  lateral  faces  of  the  pri&m  at  an  angle  of 
97*  30',  and  the  two  contiguous  faces  of  the  prism  meet  at 
aii^l<-M  of  37"  !)0'and  1 42° -JO',  according  to  the  measurementa 
,  of  Mr.  Ilrooke.     Ibt  xpedfic  gravity  i»  4-205,  ux  determinmt 
>y  Mr.   Hai<tinger.     W«  have  tlirt-c  anulvBCS  of  tlil^  ttuncml, 
>ut  ihry  difTer  »o  much,  tliat  it  i*  impusisiblv  to  deduce  from 
bem  the  true  composition.     Thi'^e  ajialyncs  arc  m  follow«: 
Phosphoric  add        .     30-9S     .     2I*687     .     24-7 
Oxide  of  copper       .     68-13    .     62*847     .     S8-3 
Water  .       0-00     .     15-5M     .       &-97 


99-08*      lOOOeer        98-87J: 
If  we  take  Mr,  Lunn's  analysis  a»  representing  the  true 
institution  of  the  mineral,  we  have  the  cousdtuenta  aa  follows : 
1  atom  phosphoric  ucid      .         4*5 
3  atoms  oxide  of  copper    .       15 
3  atoms  water  .         .         3*375 


22-875 
SO,  StA»e»qtiiphotpkate  of  copper.  Thiaealt  may  he  <^tuined 
with  grt-at  facility  by  pouring  pha-^phate  of  Kxta  into  a  sutution 
of  nitrate  of  copper,  A  blutdh-grvcn  powder  immediulc^Iy 
.precipitators,  and  the  li<)ui<l  becomes  acid.  'Hiis  suit  is  insolu- 
Ible  in  water.  When  exposed  to  a  red  heat,  it  loses  i\»  water, 
and  aniuires  a  brown  colour.  When  violently  bejLtod,  phos- 
phuretted  copper  comes  over.  Accordiug  to  the  analyus  of 
Mr.  Chenevix,  it  is  composed  of 

Phosphoric  acid  ■         .         tlA 

Oxide  of  copper  .  .  49*5 

Water       ....        IS-S 


^ 
1 


.  ifl  equivalent  to 

1  atom  phosphoric  acid, 
1*14  atom  oxide  of  copper, 
1-772  atom  water. 


100-0$ 


■  Khproth,  B«iin«c  ni.  eoi. 
\   Arfrcidion. 


t  Lurni,  Bdin.  PUL  Jour.  v.  SIS, 
%  PhU.  Trana.  1801,|)^«)«. 
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c**"-     But  from  the  experiments  of  Mitcherlicli  time  is  reawm  to 
eooddcT  it  as  a  Bubusquipbosphate,  or  a  coo^oand  of 

1    atom  phosphoric  add        .         4-5 
1^  atom  oxide  of  copper        .  7*5 

9?  atoms  water  .         3-375 


15-875 


flL  Bipho)q>kaie  fff  copper.    T)ie  solution  of  the  piece£iK 
mJLt  in  phosphoric  acid  vheo  enpontei  leaves  a  gr^en  gnni^ 


.22.  jiraeHUited  eeppfr.  No  fevf;r  than  5  different  specM 
of  araeniated  copper  occur  in  the  iiun«al  kingdom.  1  ddl 
merel3r  give  the  name  and  constituents  of  e^ch  here.  lit 
description  will  be  given  when  treating  of  mineralogy. 

(1.)   QiuUerhjfdrtUed  diaraaaate,  oampoted  of 

1  atom  arsenic  acid         .         .         7*25 

2  atoms  oxide  of  copper  .       10 

4  atoms  water  4*5 


21*76 


(2.)   Ttrhydrated  diarteniate  of  copper,  or  coppa  aia, 
composed  of 

1  atom  arsenic  acid         .         .         7*35 

2  atoms  oxide  of  copper  .       10 

3  atoms  water         .         .         .         3'375 


20*625 

(3.)  FriamatU  oiiven  ore,  eojt^oted  of 

1    atom  arsenic  add 

7*25 

2    atoms  oxide  of  copper 

10 

1^  atom  water 

1:6925 

18*9325 

(4.)  Adcular  oliven  ore,  composed  of 

1  atom  arsenic  acid 

7»? 

2  atoms  oxide  of  copper 

10 

2  atoms  water        .         * 

3-25 

10-5 
(6.)  Octohtdral  ars^iate,  or  linzenerz,  ctHopoied  of 
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1  atom  arsenic  add  .         T-aS  *«  """t^ ' 

1  atom  aside  of  cof>[t«r  .         5 

S  atoms  water        ,         ,         .         5-625 


17-875 
Wlira  nitrate  of  copper  and  ameiiiBte  of  animotiia  are  mixed 
together,  a  precipitate  fitlU.  \^'licn  die  liquid  porliuii  in  aepa* 
rutrd  {tarn  tlits  jirwi|>itjirc,  and  iiflir  concentration  mixi-tl  with 
alcobol,  t>lue  rlionil^oidal  cryttnlfl  arc  obtained  of  antcniutcd 
copper.  But  not  having  been  subjected  to  analytu,  we  do  not 
know  whetlier  tlicy  are  similar  to  any  of  the  five  precvding 
ipecicfl. 

39.  Arteniff  (^copper.    Anenious  acid  forms  with  oxide  of 
copper  an  arwnite,  usuall)-  distinguished   by   the   name   of 
SchtUf*  ffreen,  becaiute   Mr.  .Scheelo  first  ^-xnmined   it,  and 
pR^MMNl  it  as  n  paint.     It  may  be  formed  by  dissolving  two 
of  Bulpliate  of  copper  in  44  parts  of  water,  and  likowisa 
vo  jutrtM  of  potash  of  commerce  and  nearly  one  part  of  tho 
rbit«  oxide  of  nn;enic  pulverized,  in  44  portit  of  u-ater  by  th« 
noe  of  heaC     The  stitntion  of  cop]>er  i.i  gr.iduaUy  added 
hot  to  the  arsenite  of  potasli,  and  tlie  whole  is  oAam 
■tirred  during  (he  mixture.     'Ilic  mixture,  on  iitanding,  gra- 
dually de])osites  the  arsenite  of  cop]>er  in  the  form  of  a  fine 
green  powder.     It  is  to  be  washed  well  uHlh  wnter  an<l  then 
[.4ried.> 

S4.  SuprrartatiU  ttf  etqiptr,  A  sotiition  of  carhoiuitc  of 
eopper,  in  an  excess  of  urteiiious  acid  and  water,  u  neillivr 
precipitated  by  acids  nor  alkalies,  and  when  concentrated, 
depoeites  a  yellowish -green  alLf 

'2b.  lioraif.  of  cop/trr.      V\'hcn  l>orax  in  poureil  into  a  solu- 

ition  of  Kulphate  of  copper,  bornto  of  copper  u  pn.-cipi(iitiNl  id 
the  form  of  a  pale  light-green  jelly,  which  when  dried  is  with 
^rest  difficulty  soluble  in  water.  It  eoAJIy  melts  into  a  dark> 
■fed  vitr^-ous  i<abitance4  According  to  Pnlm,  by  long  tritura- 
tion of  Glinga  of  copper  and  boncic  aci<l  in  water,  and  tbeo 
digeiiling  the  mixture,  it  diiwolvcs,  am)  cr>'staht  may  be  obtained 
fttnn  iu 

36.  Silicated  eopper.  Two  species  of  siliculed  copper  occur 
in  the  mineral  kiagdom ;  namely, 

(I.)  Ugtlroua  Msgiiitilicata,  or  diopttuet  composed  of 

•  SriiMle,!.  Ml.  t  BcnriiMi. 

t  Scrgnun. 
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ciwi-  1^  atom  silica  ...  3 

'  1    atom  oxide  of  copper  .  5 

1    atom  water  .         .         .  1-125 


9-125 

(2.)  Hydrous  bisdicate  cf  copper,  or  tieaebiuUacAUe,  com- 
posed of 

2  atoms  silica  ...  4 

1  atom  oxide  of  copper     ■         .         5 

2  atoms  water  .         .         .         2-25 


11-25 

27.  SeUnite  of  copper.  When  a  hot  solution  of  sulphate  of 
copper  is  mixed  with  biselenite  of  ammonia,  a  yellow  precipe 
tate  &lls  in  very  bulky  flocks.  This  predpitate  rapidly  diw- 
nishes  in  volume,  and  is  converted  into  very  brilliant  email 
silky  crystals  of  a  greenish-blue  colour.  These  crystals  con- 
sist of  neutral  selenite.  This  salt  is  neither  soluble  in  water, 
nor  in  selenious  acid.  When  heated,  the  water  of  crystalliB- 
tion  escapes,  and  the  salt  becomes  liver-brown.  At  a  h^;ha 
temperature,  it  melta  and  becomes  black.  It  then  be^ni  t» 
boil,  gradually  allows  its  acid  to  escape,  and  at  last  nothing 
remains  but  peroxide  of  copper. 

28.  DiseUnite  of  copper.  It  is  obtained  by  precipitatiiig 
sulphate  of  copper  by  diselenite  of  ammonia.  It  is  an  tnsolif 
ble  pistachio-green  powder,  but  soluble  in  ammonia.  When 
heated,  it  becomes  black,  and  allows  its  water  to  escape :  thn 
it  swells  up,  and  its  acid  is  disengaged.* 

29.  Antimoniate  of  copper.  Antimoniate  of  potash,  when 
dropped  into  sulphate  of  copper,  occasions  a  precipitate  dtal^ 
moniate  of  copper.  It  is  a  bulky  green  precipitate,  qinte 
insoluble  in  water.  When  heated,  it  loses  19  per  cent  of 
water.  Before  the  blow-pipe  on  charcoal  it  ia  reduced  vithi 
lively  deflagration,  leaving  a  metallic  button  composed  of  cop- 
per alloyed  with  antimony.f 

30.  Antimonite  of  copper.  This  salt  may  be  prepared  in  tk 
same  way  as  the  preceding  species,  which  it  resembles  ia  id 
colour  and  insolubility  in  water.  A  subantimonite  of  pottfh 
precipitates  a  subantimonite  of  copper,  which  resembles  «*■ 
nite  of  copper  in  its  appearance.^ 

*  Benelitu,  Ann.  de  Chim.  et  de  Pbjs.  ix.  p.  340, 

t  Ibid.  Nicholson'B  Jour.  xxiv.  U.  )  ibid.  p.  4S. 
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31.   TeUurate  of  a^ynT,     Telturatc  of  potu-ili  occasions  ukklxxvu, 
lutiful  emeTali)-(ifr««»  precipitate  wli«ii  dropped  into  sulpUute 
of  copper.     TUi«  ]>ri-fipit«tc  is  tcUurntc  of  copper.     Wlicn 
liemU<l,  it  ^vos  out  wstcr,  nnd  becomes  black.     Wh«n  more 
■wrongly  hrated,  it  melts  into  a  black  glafls.    When  lieated  on 
rod-liot  churcoal.  it  is  reduced  with  detonation  like  nitre,  and 
leaves  an  alloy  of  tellurium  and  copper  «f  a  pale  red  colour.* 
B     32.  Chroma/e  i^atjtpcr.    This  wilt  may  b«  obtained  by  mix- 
"?ng  »olutioii»  of  chromatc  of  pouuh  nnd  c!ilori<le  of  copper. 
Tlic  precipitate^'  which  IJilU  has  a  fine  bulf  colour,  wicli  a  abade 
of  red.     It  has  a  sli^litly  sweetish  taste,  and  is  somewhat  aolu- 
Mc  in  water.     It  does  not  aiTect  vegetable  blues.     luconittitu- 
«iit«,  by  my  analysit,  are 

^1  atom  chromic  acid  .         6*5 

1  atom  oxiili-  of  copper        .         5 
2  atoms  water  .        .        S'Sfi 

I. 


_GOp 

mJ 

Kop 


13-76 

33.  Molt/Mate  (if  ropper.  A  yellowish-greeii  precipitate, 
difficultly  soluble  iiMraU'r,  nnd  decomposed  by  acids  and  bwies.f 

34.  TuttgtUitt  afvo]jj>er.  Tungtttic  uci<I  and  il»  compounds 
occasion  a  white  precipitate  when  poured  into  the  salts  of 
copper.t 

35.  Oxalaie  t^f  copper.     Chudic  and  is  capable  of  attacking 
per,  and  forming  with  it  needle-shaped  crystals  of  a  green 

Voiour,  not  altered  by  expoituru  to  the  air.$  It  comhiaes  with 
prut  facility  with  it«  oxi<le.  'Hie  oxalate  formed  is  in  tlic 
state  of  a  bluisli-green  powder,  M-nrc«'Iy  iwlublc  in  water  unless 
writlt  excess  of  ucid.  OxiiHc  :u:id  prei-i  pi  tales  this  suit  from 
liquid  Mulphate,  nitraU',  mnriate,  and  acetate  of  copper. 

.When  ihiit  salt  is  obtained  by  mixing  together  solutions  of 
oxalate  of  ammonia  and  sulphate  of  copper,  it  U  a  green,  taste- 
insoluble  powder,  ci)niposed  of 

1  atom  oxiilic  ucid  .         .         4-S 

1  atom  oxide  of  copper  .         9 

1  atom  water  .         .         .         1-125 


10-625 
half  of  tlie  vrater  is  easily  expelled  by  heal;  but  the  re- 


■  BcTMliiH,  NkhttWn's  Journal,  luvL.  131. 

I  Boidiiki.  X  Srtieele- 

$  Woml,  Aon.  de  Cbini.  %\.  p.  81(9. 
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roaind^  cniitinncs  obotiAatcly  fixcii  till   the  add  tiitdiTgw* 
(tecoin  position. 

36.  Acftatt  <^  copper.      Antic  actd  attacks  copper  rvrj 
alowly  in  open  vrtM^K  converts  it  into  an  oxitle,  aixl  diaBtrivM 
it :  l>ul  in  close  vemcU  no  iictioti  lakes  place.    'I'lii^i  acitl  readily 
fiomI>iiies  witli  the  osiAe  of  copper,  aiul  forrnii  uiib  il  an  u»- 
tat«.     'riiia  stilt  w-us  kpown  to  tlie  undents,  uud  vHrioux  ««ytj 
of  preparing  it  arc  dcHcribi-<l  by  Pliny,*    U  is  twually  obtUBfu 
by  exposing  plates  of  copper  to  the  action  of  vinegar  till  thtfi 
are  converted  to  a  bluifib  green  powder  olM 
verdiffn')!,  and  tlicn  difisolving  tliis  powder  i> 
acetic  add,  and  cr)-i>tBlliziiig  il.     It  crystalliiM 
in  oblique  rhombic  prisms,  aa  reprMeiited  >i 
tlic  margin,  irliere  it  in  blij^Uy  modified  lpy  i 
few  KCcon<lary  faces.     Tb«  mvmureniean  of 
tlie  uuglcit  of  tlii-t  crystal,  a»  made  by  Mr. 
Brool<e,+  are  as  follows: 


1 


P  on  M  or  M'      . 

, 

105*30 

M  on  M' 

, 

72      0 

P  on  c 

, 

Its      4 

P  on  g  or  g' 

B 

131    45 

It  has  a  beautiful  blui^-green  colour,  Ite  specific  giavitj  ii 
1*S14.{  Itfi  taste  ia  disagreeably  metallic,  and,  like  all  ibc 
compounds  into  wliicli  cop)>er  enters,  it  is  [rutnonous,  Ua 
K[>;inii^ty  soluble  in  cold  u'Utcr.  When  that  liquid  ia  boiiiil 
upon  the  Mill,  it  udccs  up,  according  to  Wenzcl,  ^th  «f  iu 
weight  of  i).$  Alcohol  likewise  dimolvca  tt.  Wlwn  exponl 
to  the  air,  il  elflorcsces.  liy  distillation  it  girei  out  aottii 
ncid.  Proust  first  remarked  that  acetous  acid  and  aoatk  •a' 
form  the  sumc  salt  wilh  capper ;  aiut  beuoe  concluded  tb> 
there  ia  no  difference  helwi-i-n  tlie  twoacitlt.||  W'ken  salpha- 
relied  hydrogen  gaw  in  m;tdc  to  paM  through  a  svlittiou  of  i^ 
suit  in  wairr,  (h«'  copper  is  deoxidized,  and  precipitates  in  d^ 
state  of  u  hhiek  Hulphuret,  and  there  remain!]  InUiiDd  ait  aad 
which  porarjMs  tlic  pro]>erticfi  of  ihe  acetic^ 

I'roni  the  analyiiis  of  this  salt  by  Phillipn"  and  nvncliiu.)! 
it  IK  eviileat  that  its  coniitittti'nts  ore 


•  lib.  ixxtr.  c.  1 1.  t  AniMJj  of  Phikrtiopb)-  (Sd 

t  tWilpn.  (  VwwTMidUchBft,  p.  310. 

H  Jour.  Jc  Vky*.  M.  HI  I.         1  Ano.  Jc  Cliua.  xxsii  34. 

■•  Ar.i»bornMlo»o(.hy(«ilsc»ie»>,i-  *i7. 

tt  Ibidviii.  \9t. 
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SALl'S  »F  BLACK  UXIUE  OF  COPPEIt. 

1  atom  QL-etic  ucul     .         ,         R-SS 
1  atom  oxide  of  [■oj)pfr      .         S 
]  siroii)  wHtpr  .         1'126 

12-375 

37.   Diacetale  of  copper.       This   is   the   ptj^mont   called 

iigri^  which  is  prepared  in  iho   large  way  as  a  paint. 

It  niAy  be  fonned  by  placing  layers  of  acetate  of  copper  and 

copper  plate^  moixtciu'd  witU  water,  and  loiiving  them  in  a 

dump  place.     It  is  a  soft  silky  iiuitu>r,  of  a  fine  blue  cnloiir, 

oompowd  of  small  nccdlc-form  crystals.     With  a  Htth-  U'alcr 

it  swells  up,  ami  if  more  be  added  a  portion  ii  dbsalvcd,  and  a 

or  blue  powder  remains  undltsolvcd.     Its  coiiRtJtuentfl, 

'at  determined  by  tlm  analyniH  of  PbilUp.'i,*  witli  wliich  tliat  of 

IBeneliiMf  corresponds,  arc  as  follows :    . 
•  1  utotn  acetic  acid  .        .  6'S5 

■  2  atoms  oxide  of  copper         .         ■         10 

p  6  aloniA  ii'ater  .         .  6'7S 

23- 
Green  verdigris  i*  not  a  rhemiutl  compound,  hut  a  mechanical 
mixture. 

.18.  Subtftt]ui-acfi€Uc  <if  ttrpf>fr.  When  the  preceding  wdt 
U  digefttetl  in  water,  it  ts  decompOM^I  into  two  new  salts,  one 
of  which  is  iniohtbic,  while  the  other  dit»i>ivi-s  in  the  water. 
When  (be  aqueous  solution  is  concentrated  till  the  greater  part 
of  iu  saline  contents  is  deposited,  by  applying  heat  tlie  whole 
tB  disHolred.  When  alcohol  it  ini.ted  wiUi  tbiH  «olulion,  and 
tlic  mixture  ftet  aside,  in  :ih»t)t  tin  hour  a  gelatinous  looking  mass 
it  deposited,  coiwuftiiig  of  an  aggregation  of  minute  cryHtalx, 
When  dr)'  they  have  a  pule  Mue  colour.  Berzelius  subjected 
tlietn  to  analysis,  and  found  their  coDstituents  as  foUovrs : 
1    atom  acetic  acid  .         .         6*25 

I  (  atom  oxide  of  copper         .         .         7*50 
3  atoms  water  .        .        8-375 


673 


SMI.  XXVI 


I7I25J 
39.   Trisacetale.  o/copper.     Thh  is  tlie  insoluble  salt  obtained 
wben  venligris  U  treated  vitJi  water.     If  we  pour  the  whole 
Lan  coarae  linen,  the  insoluble  salt  passes  along  with  lliv  water, 


AntnU  or  Pliilotofihy  (H  seriei),  it.  Ifil. 
I  Ibid.  p.  19t. 
II.  3  X 


t  IbM.  fni.  IM. 
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*  ciwL  while  the  impurities  are  left  behind,  A  second  filtration  tlirougli 
fine  cambric  retiujis  the  inaoluble  sale  It  must  be  vsshed 
firet  in  water,  and  then  transferred  to  a  paper  filter,  and  tho- 
roughly washed  with  alcohol.  The  salt  thus  obtained  consti- 
tutes a  mass  of  light  blue  shining  crystalline  scales,  havii^  i 
deeper  and  purer  blue  than  the  aubsesquiacetate.  Wben  dried 
in  312°  it  loses  a  little  hygroscopic  water,  and  does  not  alter 
its  appearance.  Its  constituents,  as  determined  by  the  anaiyn 
of  Berzelius,  are 

1  atom  acedc  acid  .         .  6-S5 

3  atoms  oxide  of  copper         .         .  15 

1.  2  atoms  water  .         .  2-35 


23-5» 

40.  Lactate  of  copper.  When  lacUc  add  is  digested  on 
copper,  it  assumes  first  a  blue  colour,  and  then  a  green,  whidi 
passes  into  a  dark  brown ;  but  the  solution  does  not  crjn- 
tallize.f 

41.  FormaU  of  copper.  This  salt  has  agreenish-blue  colour, 
is  transparent,  and  crystallizes  in  rectangular  tables  with  herel- 
led  edges,  constituting  an  octahedron  with  a  rectangular  )mt, 
the  two  summits  of  which  are  deeply  truncated.  The  ^>ed6e 
gravity  of  the  crystals  is  1-815.  When  exposed  to  theur  Aef 
effloresce.  When  heated  they  bum  with  a  green  coloocd 
flame.}  They  are  soluble  in  6-4  times  their  weight  of  cold 
water,  according  to  the  determination  of  Gehlen,  and  in  about 
400  times  their  weight  of  weak  alcohol.  The  constitueBts  of 
this  salt,  as  determined  by  the  analysis  of  Gobel,  with  vtiA. 
the  previous  experiments  of  Gehlen  nearly  coincide,  aie  it 
follows : 

1  atom  formic  acid  .         .  4-625 

1  atom  oxide  of  copper  .         .  5 

4  atoms  water  .         .  4-5 


14126 

42.  Suhformate  of  copper.  A  greenish  powder,  not  eanl? 
soluble  in  water. 

43.  Mellate  of  copper.  ^Vhen  mellate  of  ammonia  andful- 
phate  of  copper  ere  mixed  together,  a  bulky,  very  light  Um 
precipitate  fells,  which,  when  well  washed  on  the  filter,  a»- 
tracts  in  its  dimensions,  and  is  converted  into  a  light  blue  ctjt- 

*  Aniwli  or  Philosophy  (Sd  series)  if.  p.  19S. 
,    f  Scheele,  ii.  p.  6G.  )  Bernhardi  and  Oehlen.  $  ArfrsdMM- 
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tnllinv  powder.  It  contains  90  per  cent,  of  water  of  crystalli- 
sation. It  di<isolve<i  readily  in  ammoma.  oiid  wlii'^n  the  Hululion 
In  concentralt-ti,  Hiomlriv  crysUiU  of  ummoiiio-furmatc  of  copi>er 
arc  dcjxxutwi.* 

■  44.  Tartrate  t^copjter.  When  dilute  solutiona  of  sulphate 
of  copper  and  tartrutc  of  pota&h  are  mixed,  small  jfreen  cryiilaltt 
©f  tartrate  of  co])per  are  gradually  dei>o»ited.  Tiiey  arc  very 
Jittic  »olul>lc  in  water.     They  are  coropo«e<l  of 

I  atom  turturic  add  ,         ,  8*25 

I  atom  oxide  of  copper        .         .  5 

0  atoms  water  .         .  3-375 


16-625 


45.  Bitartrate  of  copper.     NVlien  to  the  solution  of  the 
receding  nail  tartaric  arid  is  added,  the  bitartrate  is  deposited 

In  t)ie  state  of  a  bluish-white  powder.f     This  salt  b  soluble  In 
nitric  acid ;  but  not  in  u-atcr  nor  tartaric  acid. 

46.  Vittate.  of  capper.  \'iiitite  of  pota«h  throws  down  ■  pre- 
cipitate when  drupt  into  Hulphutc  of  copper.} 

47.  Pifriilitrtralr.  of  cttpjtfr.  Pyrotartrate  of  potash  throM'S 
down  a  fine  green  p^^-cil^itat<^  when  poured  into  nitrate  of  cop- 
per. The  conititnentB  of  this  salt,  according  to  the  aiuilysia 
of  Gtilwl,  are 


Pyrotartaric  acid 
Oxiile  of  co[iper 


62-24 
37-76 


lOO-OO 

4&  CUr{Ue  ofropper.     Liglit  green  cry»Uil».§ 
49.  Mahir  ofntpptr.     A  green  matter,  not  capable  of  crya- 
JUttn<r,  and  not  tillered  by  exposure  to  t)ie  iur.{| 
[50.  Bimalate  t^copixr.     It  docs  not  crystallize. 
I5I.  FUnffole  o^  copper.     Siilpluitc  of  oc^pcr  is  not  prccipi- 
ed  by  funtjii-  ncid.^ 

52.  Mnraie  of  cupper.  Sulphate  of  copper  19  not  precipi- 
I'd  by  miidc  acid,  but  it  is  thrown  down  by  mucate  of  potasli. 
I3.  Thmutatt  <^eoirptT.  \\"1k'ii  Rarboiiiite  of  copper,  iniicic 
1.  and  mtter  are  boiled  togctlicr,  an  upple-grcon  ]Hiu'dt-r  ts 
ImI,  not  soluble  in  water.  It  la  composed,  acoonling  to  tlte 
\ti%  of  TroniiidoTf,  of 

I'muI'*  VentwDcllBcliaA,  p.  IM.        0  Bnconnut.       1  Ibid. 
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o— 1-  I  aUHB  inucic  acid  .         .  IS 

2  atoms  oxide  irf  copper  .  Ip 


54.  PfromMcate  of  copper.  Saall  greeniBb-Une  ayBtab, 
little  soluble  in  water.  •  ' 

55.  Smxaiate  cf  eopptr.  Sacdnic  acid  dissolres  copper 
irith  difficnlty,  and  only  when  assisted  by  a  long  digest^ 
Tbe  solution  is  green,  and  yielded  Wenzel  small  green  crys- 
tals, the  properties  of  whidi  have  not  been  examined.  Froa 
the  experiments  of  the  same  diemist  we  Icam,  that  there  an 
two  Tvieties  of  this  salt,  a  ntpertNcrutoA;  and  a  XM&racciwife. 
He  digested  10  grains  of  carbonate  of  copper  in  succinic  add : 
an  efferreseence  took  place ;  one  portion  was  dissolved,  bnt 
another  remaned  at  the  bottom  of  the  reaaeL  This  portiaa 
we^hed  17  grains.  It  bad  lost  its  caibmiic  acid,  and  evidently 
contained  succiDic  acid.  The  scdutions  contained  a  portimi  ^ 
copper,  which  was  not  separated  by  an  alkali,  but  by  a  hydro- 
salphuret,  and  zinc  tjirew  it  down.f 

56>.  Batzoate  tf  coj^er,  BenuMc  add  does  trat  act  ^«a 
copper,  bat  it  combines  readily  with  the  oxide  of  that  metiL 
The  salt  fomed  is  in  snuill  crystals  of  a  deep-green  eoloar, 
spaiii^y  soluble  in  water,  and  insoltdile  in  alccAoL  Wha 
heated  the  add  evi^rates  and  leaves  the  oxide.  Tlie  alkaSci 
and  the  caibcMtates  of  time  and  barytes  decompose  \t.\  Whn 
benioate  of  potash  and  solphiUe  of  copper  are  mixed,  this  silt 
predpitates  in  the  state  t£  a  bluish  powder,  which  bectHoesi 
fine  green  on  dryii^,  and,  according  to  Berzeliua,  is  somewhu 
soluble  in  water. 

57.  GaOate  {^copper.  Sublimed  gallic  acid  when  added  to 
acetate  fd  copper,  throws  down  beautifal  brown  flocks.' 

59.  Jdeamaie  cf  cvpper.  When  meconic  acid  is  added  to 
sulphate  of  ctq^r,  tbe  liquid  assumes  a  beautiful  emenU- 
gieen  colour,  and  after  sometime  a  yellow  predpitate  fitlls-j 

59.  Bolttate  qf  a^/per.  When  boletate  of  potash  is  added 
to  a  solutioo  of  nitrate  of  cof^r,  blue  silky  needles  bll,  very 
little  soluble  in  w^er.| 

60,  Camplurate  t/f  capper.     When  solutions  of  eamphonte 

•  LafaillMdiere. 

I  WcnceTi  Lduc  too  dcr  Ya^naiuebtA  dcr  £oq>er.    GnDdeTi  «& 

t  TRMBinwlorf,  Ann.  de  Clum.  u.  SIJ. 

fRahi^M.  I  DrscBW»Bt 
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of  potash  iind  stilphatc  of  copper  are  mixed,  a  liglit  g^r««n  pre-  '"^"'"^ 
Icipitatv  fulls.     When  heated  it  becomes  azure-bltie,  and  by  a 
stronger  heat,  dark-green,  llien  whilo,  mid  iit  last  black,  when 
,  it  catches  fire  and  bunts  wiili  a  pule  flume  and  much  smoke. 
FTbe  salt  is  iiuoluble  in  n-ater.     Its  constituents  are 
Camphoric  iicid         .         .  70*4 18 

Ojiiilc  of  copper        .         .  29'5tl2 


i 

I 


100-000  • 
61.  Sttbrrate  cif  copper.     Suberatc  of  ainnioniit  thron-a  down 
a  light  blue  precipitate  from  the  eupreouD  salts.     MTicn  dry  it 
is  bluidi^Teen,  and  is  composed  of 


Suberic  add 
Oxi4le  of  copper 


71125 

28-75 

100 

Wipn  heated  it  melts  aiid  under- 


■goes  decomposition.! 

H  62.  Bvtyrate  ^  c<^>per.  I(  may  be  obtuned  by  dissolviug 
carbonate  of  copper  in  an  aqueous  eoJiition  of  butyric  add. 
It  cry«Inllt/es  in  eight-«ided  prismts  witJi  lui  oblique  base, 
B'When  kept  in  vanio  over  sulphuric  add  it  loe«s  I  per  cent,  of 
'  Ita  nvight ;  and  becomes  leas  tranquirvnL  When  be-ated  to 
212"  it  loses  no  acid.  But  at  that  temperature  the  aqueous 
solution  becomes  muddy  and  depnsites  oxide  of  copper.  It  is 
«ompo»e4l,  accoT<ling  lo  ClievrcuJ,  of 

Butyric  acid  .         ,  57*04 

Oxi<le  of  copi>er  .         .  39-63 

Water  .         .  I^-M 


lis  is  equivalent  to 

atom  butyric  add 
1  atom  oxide  of  copper 
'2  atoms  water 


lOO-OOJ: 

10 
2-2.1 


21-87& 

63.  Cholesleratf  ofcopprr.     An  olive>ifreeii  salt 

64.  Pimitf  of  aippi^r.     An  itli-ohiilic  solution  of  jiiuic  acid 
(It  iKiiltMJ  over  oxide  of  copper  gniduiilly  combiix'S  willi  it. 


'  BtsiiiIm,  Scli»ciKgi'i*t  Joiir.  xxxviii.  297.  \  tbiJ.  xxiiii.  91- 

\  fiif  In  curr*  fiTw,  |>,  130. 
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(^«  I-  Ao  e&ereal  solntion  of  pinic  add  dinolves  eaibaoaie  oi  copfa 
with  effeirescence.  It  decomposes  also  borate  and  bensoate  of 
capper.  We  may  obtain  pinate  of  copper  by  mixii^;  pinate  of 
ptrtasb  with  an  aqueous  solution  of  a  cupreous  salt.  It  ii  a 
green  powder,  which  at  212°  begins  to  concrete,  and  in  a 
higher  temperature  is  converted  into  a  resinous  lotting  mM^ 
of  a  dariier-green  colour.  In  a  still  higher  tempemtore  it  ■ 
conrerted  into  pinated  suboxide  of  copper.  It  is  insoluble  in 
water,  rery  little  soluble  in  absolute  alcohol  or  nsfththa,  hat 
very  soluble  in  ether,  oil  of  turpentine,  and  &t  oils.  Hie 
ethereal  solution  b  dark-^reen,  and  when  concentrated,  Aepo- 
Btes  the  salt  in  crystalline  sphericles.  Whei^  the  solutiim  in 
«1  of  turpentine  is  exposed  to.  the  air  it  giadoally  dries  into  a 
green  transparent  TamiBh.*  This  salt  is  composed  of 
Pinic  add  .         .       100 

Oxide  of  ct^per .         .  7'4 

65.  SibnUe  of  copper.  Very  similar  to  the  preceding  nit 
It  is  soluble  in  absolute  alcohol,  from  which  it  is  deposited  by 
^rantaneoos  evi^ration  in  brilliant  cryBtalline  grains.  Its 
solntion  in  ether  has  more  of  a  blue  colour  than  that  of  pioata 
of  copper.-}- 

66b  CarhazotaU  i^  tapper.  This  salt  is  obtained  by  mixing 
solutions  of  sulphate  of  copper  and  carbazotate  of  baiytes  in 
the  requisite  pn^Kirtious.  Tlie  crystals  form  witlt  difficulty. 
They  have  a  fine  green  colour,  and  deliquesce  in  the  air. 
When  heated  the  salt  undergoes  decompoution  without  Inm- 
ing  with  flame4 

67.  PsfTurate  of  copper.  Pyrurate  of  potash  throwa  down  a 
predpitate  when  dropped  into  sulphate  of  copper.§ 

68.  Hydro-carho-ttdpluite  of  copper.  Uydro-carbo-solphste 
of  potash  throws  down  a  fine  yellow  predpitate  niien  dropped 
into  a  cupreous  salt.  II 

69.  SHipkorinate  (f  ctqtper.  This  salt  may  he  formed  by 
dissolving  carbonate  of  copper  in  sulphorinic  acid,  and  evapcr- 
ating  the  solution.  It  crystallizes  in  blue  coloured  foor^ded 
tables  with  sharp  edges.  It  is  very  soluble  in  water,  it  &■ 
solves  also  in  alcohol.  When  heated  to  redness  it  bums  vitb 
flame  and  leaves  sulphate  of  copper.^ 

*  UDTcrdortwD,  VofgeaAtaCs  ADmien,  si.  233.  t  Ibid.  p.  400. 

t  Liebig.  Ann.  de  Clum.  et  de  Htji.  luv.  84. 

^  Cbet'idlier  uid  Lmssugne,  ibid.  liiL  160. 

I  ZctK,  AoiuUs  of  OwmisU]-  (Sd  wries),  ir.  S48; 

1  Vogel,  Gilbtn't  Anukn,  IxiiL  95. 
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1       70.  Su/j^oMa/tAtAnlafe  o/eo/jper.     Hyilruted  oxide  of  copper  »<«.xiiviii. 
fnrms  an  iind  iwlc  wlioii  digested  in  sulplioiiaplillialic  acid,  and 
llic  soluiioit  by  bpoiiULneous  evaporation  leave*  riulialcd  t-rys- 
lalline  films,     'I'Jjc  dry  salt  wlien  healed  fuses  and  burns  willi 
flame.* 


71,  Sinapatf  (tf'copper.  Wbrii  Hiuapic  nc'td  \»  added  to  a 
Holutiun  of  Nulpiiato  of  copper  it  changes  iu  colour  to  green, 
and  in  about  tin  Lour  a  wliitc  powder  is  depowtcd.t 

SECTION  XXVtll. — S4I.T9  OF  SUBOXIDE  OF  COPPEB. 

This  genus  of  salts  bas  been  very  little  inve*tigate<l.  These 
salts,  80  far  as  known  at  present,  are  never  green  or  l>lin-,  but 
red,  brown,  or  black.  M'hen  exposed  to  tlic  air  lliey  speedily 
absorb  oxygen,  and  are  converteil  into  llie  corresponding  nalts 
of  black  oxide  of  copper. 

1.  SyiftAated  aubtaiilr  uf  copper.  This  salt  may  be  oi>t;Liiied 
by  decomposing  sulphute  of  copper  by  tneuns  of  pliosphorus. 
A  black  powder  talli),  wliieh  rctguireH  to  be  mpidly  washed  and 
(b-ivd.  It  ditisolves  in  nitric  acid  with  the  evolution  of  deuu 
oxide  of  aiiote.{ 

2.  SiiipAiffd  nuhoxitte  ^  ra/iper.  Sulphurous  acid  combines 
only  n-ith  tiie  suboxide  of  copper,  the  black  oxide  having  the 
property  of  converting  it  into  Kulpbiiric  acid.  Sulphilcd  sub- 
oxide of  co{^)er  may  Im:  formed  by  puling  a  current  of  sul- 
phurous acid  gas  through  water  containing  black  oxide  of  cop- 
per mixed  willi  it.  The  oxide  is  graduidly  coiivertetl  into 
uiboxide  by  giving  out  one  half  of  ita  oxygen  to  a  portion  of 
Uie  tulphurous  arid,  which  it  eunvertti  into  sulphuric.  The 
■ulpliited  Huboxidc  of  copper  remains  in  tlie  »tiite  of  Htnall  red 
crytituU,  while  the  sulphate  dii^ulves  in  the  witter.  'I1ii«  salt 
may  be  obtained  ali>o  by  mixing  a  solution  of  sulphate  of  pot- 
ash with  a  solution  of  nitrate  of  copper,  and  washing  tlie  yel- 
low precipitate  that  falU  till  it  becomes  red.  It  is  in  the  state 
uf  Hnull  red  crystals.  It  is  insoluble  in  cold  water,  but  when 
long  boiled  in  water,  the  whole  of  \tx  acid  't»  se)>arated  and 
tutthliig  remains  hut  suboxide  of  copper.  When  heated  it 
gives  out  water,  »ulphurouJi  acid,  a  little  sulphur,  and  oome 
sulphate  of  copper  18  formed.  Potash  and  soda  readily  deprive 
it  of  its  acid.  Chlorine  and  nitric  acid  convert  it  into  sulphate 
of  copper.  Aceurdiiig  to  Chevreul,  to  whom  u  e  are  Indebted 
for  the  whole  of  th«  preceding  fact*,  tlila  salt  is  e«)nipoBed  of 

■  fasday,  Annal*  of  PbiloMphy  (V>l  MtiesX  vu  Via 

t  Iknry  uid  GttM-        I  Bcncliu*,  Ann.  d«  Cliim.  ct  dc  Phv*.  ii.  iKflk 
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OXYGES  ACID  SALTS. 


SiiphimMis  acid  32-18 

Soboside  of  copper  a6*8-2 

W«r«T  11-00 


1 00-00* 
If  are  redoo  the  aionuc  vreigfat  of  suboxide  of  cc^per  9,  tkii 
H  eqnhvlent  to 

l\  atom  ftolphunMis  a<3d  a 

1    atom  soboxide  of  copper  9 

1 J  atom  wuer  1-6825 


15-6825 
3L  Hgpotidpliittd  tMloiide  of  copper.  This  salt  may  be 
SarmeA  br  digestiii^  kyposnlphite  of  lime  on  carbonate  of  cop- 
per, or  by  mixing  sulphate  of  copper  vitb  hyposulphite  of  lime, 
potash.  &c.  It  is  colourless,  of  an  intensely  sweet  tnste,  tal- 
Iswrd  by  a  mawksh  sweetness  like  liquorice  root,  bat  with  do 
metallic  flaroor.     It  is  not  decompMcd,  nor  turned  blue  hj 


4.  Sitrt^d  mAonde  qf  copper.  This  salt  does  not  en^ 
because  nitric  scid  has  the  property  of  converting  suboxide  of 
copper  into  bladt  oxide. 

5.  Setenited  tuboiide  of  copper.  This  salt  may  be  formed  by 
dig^esting  hydrated  suboxide  of  copper  in  selenious  acid.  Itii 
a  white  powder,  not  soluble  in  water. 

6.  AettiUed  ttthoride  ef  ccqiper.  \V hen  crystallized  verdigni 
B  di&dlled  this  salt  sablimes  towards  the  end  of  the  distiU^oa 
in  while  6od[S,  which,  according  to  Beizelius,  contain  aa 
water.  Its  taste  is  caustic  and  astringent,  and  it  reddens  i^ 
mus  pnper.  It  undeigoes  no  change  when  exposed  to  the  air. 
When  water  is  poured  on  it  suboxide  of  copper  precipitates  in 
yellow  flodis.  It  is  partially  soluble  in  alcohol,  leaving  a  yd- 
low  powder  ttndissolved.t 

This  sail  was  mistaken  by  Proust  for  anhydrous  acetate  <& 
copper. 

7.  /  'inated  suboxide  of  copper.  Copper  di^olves  very  sloiriy 
in  rinic  acid.  After  some  da}'8  the  solution  dcposites  a  green- 
ish-blue salt,  and  then  by  concentration  deposites  white  oblique 
riiombio  prisms,  soluble  in  water,  and  precipitated  by  potash  in 
yellow  flocks.t 


■  Ann.  dc  Cbim.  Ixxiiii.  Itil.  f  Beneliut  and  GeUen. 

}  Walchim. 
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SALTK  or  OXIDE  UF  BISXIt'Tll. 


8.  Pitutted  suboxide  of  co/^r.     Wlicii  pitiic  acUl  is  fused  *^'""^- 
widi  carbonate  or  iicetato  of  copper  till  tlir  acids  are  expelled, 

and  the  mixiure,  iit  first  lu^ccn,  lias  become  brown  and  tmii.t- 
parcnt,  lUid  the  excess  of  piiuc  acid  is  reiriAved  by  alcuhiil, 
pinatcd  suboxide  of  copper  is  fonned.  A  browiiish-yellow 
po\nter.  It  is  but  little  soluble  in  ellier,  but  mon;  soluble  in 
oil  of  turpenliue,  Tbe  aoIuUoiis  speedily  ab«oib  oxygen  and 
become  green." 

9.  SUtatfd  M/>oTitk  iffcopiio:     Easily  soluble  in  ether.f 


SECTION  XXIX. — SALTS  OF  OSIOE  Of  BISMUTH. 

Tbe  mills  of  bismuth  may  be  diHtinguish^  by  the  following 
propertie* : 

I.  The  solution  of  bi>smutli  in  Rri<ls  is  usiinlly  colourless.  Ch»™tm. 
When  welter  is  poured  into  it  u  white  precipiliite  immediately 
falls,  eotLsisling  ehiefly  of  the  white  oxide  of  bismuth. 

3.  Prussiatc  of  poto^li  occasions  in  these  solutions  a  prccipi- 
I      tat«  of  n  while  colour,  sometimes  willi  a  fhade  of  yellow, 
^ft    3.   Ilydrosulphuret  of  potiisb  aiid  snl]>huretted  hydrogen 
^Bnpiion  n  dark>browii  procij)itiite. 

^^P^  Gnllie  aci<l  and  the  iiifuMon  of  nut-galU  occauon  an 
onng^-yellow  precipitate. 

5.  When  n  plnte  of  cupper  or  tin  is  put  into  the  solution  of 
bismuth,  this  lust  mct»l  is  oAen  precipiluU'd  in  the  metallic 

SttlfJtale  ^bimmlh.     This  salt  nmy  be  obtAincd  by  hcat- 
ig  biiimuth  in  oulphuric  aciti.     The  metal  is  converted  into  a 
hile  pou-der,  while  lit  llio  simo  lime  Milphuroux  acid  is  ex- 
led,  and  even  sulpiiur  «ublimcd,  if  the  heat  be  considerable. 
WHien  tlie  saline  mass  thus  fonned  is  wiubed  with  wntcr,  Iwo- 
dtirds  of  the  neid  are  separated,  carrying  along  with  them  a 
Tfry  small  portion  of  the  oxide,  and  ihi^  lixivium  yields  by 
inpomion  small  crystals  in  needles,  wliidi  are  deeomposed, 
and  tlicir  ba.^  precipitated  when  any  attempt  is  ma«ie  to  dis- 
solve them  in  UTitcr. 

According  to  the  experiment*  of  Lagerlijelm,  the  sulphate 
of  bismuth  is  composed  of 

Sulphuric  acid  .         .         .         1 00 

Oxide  of  bismuth        .         .         .         I97'3 
is  is  ob^Hously 

UnvcrJorticn,  IVgsenilorrs  AnnsUa,  ri.  C33.         f  Hnd.  p.  400. 
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CS  OXTGCK  ACID  SALTS. 

c^L  I  lim  nlphnic  add  5 

1  atoai  oxide  of  binnutli  10 


15 
^  himmk.     Wlien  the  preceifiii^  nit  ii 
in  wucT  a  wUte  insolDble  powder  remains,  whirh 
I  Wami,  giTcs  off  sulpliarous  acid  and  oxygen  gag.     It  ii 
oaMpowd.  aecvdii^  to  the  cxperimeDls  of  Bt^xelins,*  of 
1  atOB  salpkniic  add  5 

3  aKMtt  onde  of  lusinuth    .  60 

35 

9..  Siifiiti  of  bUmtmlk.  Sa^aroos  add  does  not  Utxi 
^■■Hik,  bu  it  combiiMs  witk  its  oxidej  and  fonns  witb  hi 
nh  iaaolabk  in  vat«r,  eren  vben  assisted  by  aa  excess  of  aai 
It  h»  a  sB^meoBs  taste,  and  before  the  blow-pipe  meks  into 
a  ted&h-yrllow  mass,  whidi  is  soon  reduced  uptm  dian:ML 
When  diaiUedi,  tlte  add  is  driTen  oS,  and  the  whole  oxide 
laaains  in  a  stale  of  parity .f 

4.  yimttofhiandk.  Nitric  add  when  concentrated  attacb 
hsaMuh  with  great  violence,  a  \zsX  quantity  of  nitrous  gas  is 
eBitsrd.  the  metal  is  converted  into  a  white  oxide,  much  hetf 
t$  eTolved,  and  sometunes  even  qnrits  of  fire,  it  is  said,  sit 
ibited  out  of  the  mixture.  Wlien  the  add  is  diluted,  tbe 
acooo  £»  less  violent,  and  the  oxide  of  bismuth  is  dissolved  « 
it  tonus.  The  solution  is  colourless,  and  on  cooling  lets  M 
oystsb  of  a  white  colour,  and  generally  attached  to  ewi 
odter  in  the  funn  of  stars.  The  crj'stals  are  pretty  oblique 
rfaoaabiMdal  prisnis,  quite  tianf|)arent  and  colourless.  Thii 
salt,  when  exposed  to  the  air,  attracts  a  little  moisture,  and  ib 
surtawe  is  covered  H-ith  a  crust  of  white  hydrated  oxide.  Ob 
bunui^  coals  it  detonates  feebly,  emitting  red  sparks,  ud 
leaves  a  yellowish  powder  not  easily  reduced.  AVhen  tii- 
tuimted  with  phosphorus  it  detonates  loudly4  When  put  into 
water  it  is  immediately  decomposed,  that  liquid  absorbing  te 
acid,  and  leaving  Uie  white  hydrated  oxide  of  biiunuth  com- 
bined with  a  small  portion  of  acid.  Hence  the  reason,  lint 
when  we  write  u)k>u  pi^ier  with  a  solution  of  bismuth  in  nitric 
acid,  the  cfaaiacters,  at  first  invi^ble,  become  white  wlien  die 
paper  is  plunged  into  water,  as  Brugnatelli  first  observed.} 

■  Ann.  de  CUn.  luxu.  £-^1.  \  Fourcroy,  t.  tSU. 

t  lJn«aaldli,  Ann.  de  Chim.  uviiL  7^  §  IbkL  m.  ifSe. 


SALTS  or  OXIDK  OF  BrsMUTII 


When  the  solution  of  bismntb  in  nitric  ncid  is  diluted  with  *«l  ^tsix. 
M-itter,  Uiegroutcst  part  of  the  metal  seiwrntesin  thcslate  of  a 
viulinttrnte.     In  this  state  it  was  fonnerly  tuiovn  by  the  uanie 
of  tuagi^ery  iifbigtuath. 

The  constttuenta  of  thb  salt  arc 

1  atom  nitric  acid  .         .         6-75 

I  atom  ostde  of  bismutli  .         .       10 
3  atoms  water  .         .         a-a75 


SIX.  Ti 


-t 


ao-i2s 

5.  Sapfmilmte  of  bismuth.  When  tiltnite  of  bbmulii  is 
di^Mted  ill  \t-;iter  it  uiid<7r)roe»  decumpuMitioii,  a  subnitnite 
rcmaiiiM  uii4l>^ulv<-d,  and  a  siipeniitnt«  in  held  in  solutiuii  by 
the  wottT.  Tiiijt  lint  Kilt  nuiy  be  obtainetl  by  cvaporatiiif;  tlie 
liquid,  but  it  luw  nut  been  exuininvd.  From  tlie  analytical 
experiments  of  M.  Grouvelle,  it  appears  that  tliis  supunittrute 
M  a  compound  of 

10  atoms  nitric  acid  .         .       67*5 

1  atom  oxide  of  bismuth  .       10 


77-5« 

6.  Dinifrate  of  hitwutli.  I  obtained  this  salt  in  crystals 
from  a  ratluT  stroiifr  Holutiun  of  bismuth  in  nitric  acid  freeing 
it  from  all  excess  of  acid  by  pressure  between  fohls  oi  blottinjj; 
piqwr.     ItA  constituents  were  found  to  be 

^^^^  I  atom  nilrie  acid 

^^^h         2  atoms  oxide  of  biitiDUtli 

^^^ft         t2  atoms  uiitcr 

^  7.  TelartimUrale  of  bismuth.  When  llic  neutral  nitrate  of 
bUmath  is  digested  in  water,  there  remains  undissolved  u  soft 
white  matter  in  silky  neciiJes,  usually  distinguished  by  the 
name  of  ptarl  white,  or  maijiitry  qf  bismitth.  It  is  said,  by 
Bcnelius,  to  be  iiligblly  soluble  in  water,  and  to  be  »eparable 
in  cryAlJiU  by  heat.     Accortlin);  (o  the  aaalyticsl  expgriincntM 

^ Grouvelle,  its  constitnenta  are 
1  atom  nitric  acid  .        .         6*75 

K         4  Btrnns  oxide  of  bisinntli  40 

ft         3  ■tODia  water  2-25 


•  Aon.  de  Chiui.  et  de  i>Ui«.  xix.  Ul.  t  ItU-  p.  im 
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c*m'~  &  Triarvfaiuli!  cfbUmadk.  This  alt  b  obtained  wlwii 
mxatt  of  bi^nik  is  ilnjuuipused  by  an  aDcaliiie  caibonate.  It 
K  a  vUie  oawfaaa  povder,  insi^nUe  in  water,  bat  aolnble 
vidt  effrreeHkn  in  nitric  add.  Ita  oomtitDento,  by  m^ 
aaaMikaiv 

1  am  carboiuc  acid  2*75 

-3  iiaaH  oxide  of  bisinoth  30 

^  auxei  water  2'25 
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9.  Piotfi^tafbiamtdk.  Wben  pkaBphate  c^  soda  b  mind 
witS  a  ntation  flfniDue  flf  Imnsdi,  containing  enon^  of  nhiie 
acid  »  panrnt  it  fraa  bein;  pfcajHtated  by  water,  a  ii^ite 
fueifintff  Mb.  Wben  vdnlcanled  and  dried  witboat  kn^ 
it  if  a  wlitc  lastelcaB  powder,  imtdnble  in  water,  and  tipft- 
rewthr  newoaL  ^22  grains  of  it  when  ignited  lose  I  giain  of 
Hence  the  nit  is  prabaUj  a  eomponnd  of 

1  atom  pbasplittic  acid  4-5 

1  aton  oxide  of  tnsmutli  10 

Z  anms  water  3-375 


17-875 


to.  Jrtwiatt  ofbitanok.  This  salt  ntay  be  fbnned  by  tk 
nne  procMS  as  the  last,  merely  sabstitutii:^  arseniate  of  9ok 
far  pboifiliue  of  soifa.  It  is  a  white  powder  inth  a  sli^tihide 
of  yellow.  It  is  tKteles,  insoluble  in  water,  and  inc^vble  of 
alierix^  rtxeable  blues.  19-75  grains  of  it,  by  ignitiwi,  kw 
:M)I  grains  of  water.  Hence  its  constituents  seem  to  be 
1  amn  arsenic  acid  .  7-25 

1  aum  o3Dde  of  bisnath  10 

-ialoBBsnter  2-35 


19-5 
The  water  is  deficient  by  rather  less  than  |d  of  an  atom. 
II.  fivnfr  i^bismMtk,     A  white  powder  insolable  in  water- 
1'2.  SHievIr  t^bitmmtk.     Oxide  of  bismuth  fines  easily  with 
silics  into  a  yellow  glass. 

la  VMnmaIr  qfbitmtitk.  This  salt  is  obtained  when  chTO- 
mate  c£  pot»$h  is  mixed  «~ith  acidulated  nitrate  of  bismuth.  !■ 
i$  a  fine  yellow  powder,  insoluble  in  water,  and  not  affecthi; 
vcj^flaUe  blues,     lis  constituents  are 


14,  Mol^hdate  of  hixn»uth.  Obtiiiiiixl  by  mixing  molybdate 
oS  potash  uith  nitrate  of  bismittli.  A  lemaii-yelluw  powder, 
nolubte  in  500  times  its  weiglil  of  wuwr,  uiid  in  tlic  strong 
mineral  aci<l»."  Tiingstic  acid  tlirows  down  b  yellow-brown 
precipilMt«  from  nitrato  of  bismuth.f 

16.   Oxalate  of  bistntith.    It  may  be  formed  bv  mixing  oxikliite 
'anunonia,an<t  nitrate  of  bismuth.     It  is  a  line  white  taMvU-M 
jer,  insoluble  in  water,  and  producing  no  change  on  vcge- 
able  liluea.     It  S*  anliydrous,  and  composed  of 

1  atom  oxiilic  acid  .         .  4-& 

1  atom  oxide  of  hifmuth  .         ,         10 


14-6 
i.  Acetate  of  bismuth.     Acclic  acid  lias  but  little  action 
'^on  bikinuth ;  but  the  acetate  of  bismuth  may  be  obtained  by 
mixing  (ogetluT  ihc  solutions  of  nitrate  of  bismuth  and  acetate 

I  of  putasli.  When  tho  mixture  h  heated,  it  redissolvu^i  the 
precipitate  which  bud  at  lirst  formed,  and  at  tlie  ^me  time 
yields  a  number  of  thin  tjdky  crj'^liils  rcMmbling  bunino  aci<l. 
Morveau,  to  whom  n-c  uk-  indebted  for  tliin  cxprrinu-nl,  hu 
asoertiuned  also,  tliat  the  addition  of  ac«ltc  acdd,  deprives  tii[rat« 
of  bismutli  of  the  property  of  alTording  a  precipitate  when 
diluted  with  wiit<-r4 

17,  f'onmite  of  bigmntA.  Crystals,  ciuily  dolublp  in  water, 
blackening  when  heated. { 

»ia.  Tartrate  cfhttmuth.  Readily  formed  by  double  decom- 
position. A  liiie,  white,  tasteless,  insoluble  powder.  It8  ooii- 
alituents  are 

1  atom  tartaric  odd  .         ■  8*2S 

I  atom  oxide  of  bismutli         .         .         10 
5  atoms  water  .         •  &'636 


23-875 
Stircinatt:  ^  bitmvtA.     Sueeinie  <ickt  does  not  attack 
auth ;  but  it  dtSBolres  ita  oxide  at  a  boiling  teinjiL-rature, 
nd  the  solution  yields  yellow  crystalline  plates  of  succinate  of 


+  Scheelc.    t  Eocyc  Method.  Chim.  i  10.    i  ArfwdMB. 


»*•  bismuth.  According  to  Wenzcl,  the  MluUon  of  iliU  sdl  in 
vrater  <loc«  not  yield  n  precipitate  witli  nlkaliM.  It  dimolrn 
in  nitric  acid,  and  tlio  solution  is  not  precipitated  hy  water.* 

20.  lUttznaie  of  hitmiiiA.  IJenzoic  acid  dissolves  the  oxide 
of  biHiniitli  witJi  fiiriltty  ;  and  the  Kolutioii  yield*  white  needle- 
Bhaped  crytrfals,  which  ore  not  altered  1>y  exposure  to  the  tir, 
are  soluble  in  water,  and  very  sparingly  soluble  in  akolui 
Siilphitric  and  muriatic  addn  decompotte  tkb  salt,  and  h«l 
volatilizes  its  acid.f  Iliainger  found  that  benzoate  of  amnKi- 
iiiii  thri>ui)  down  a  while  precipitate  when  dropt  into  nitrati*of 
bismnlh.     This  precipitate  la  Romewtiat  soluble  in  water. 

'21.  Gallalr  of  hitmuth,  .Sablimt-<1  gallic  acid  colount  nitnlc 
of  bismutli  yellow,  and  n  copious  ycllowi»!i'hrown  preci[>iate 
falls. 

22.  Croeonate  ofbinnut/i.  Croconate  of  potash  when  drcpl 
into  nitrate  of  bismuth,  throws  down  a  lemon-yellow  precipitate 
fluluhle  in  an  excess  of  bisniuth  salt.^ 

2.1.  PittaU  of  IntmtUh.     May  t>e  obtained  by  preeipiuting 
nitrate  of  bismuth  by  pinate  of  potasli.     It  L«  insoluble  in  waltr, 
but  dissolvea  in  ether  with  the  separation  of  flocks.     It  is  oom*  _ 
posed  of  ■ 

Piuic  acid  .         .         09-93 

Oxide  of  bi»inutb        .        .         10 

The  salts  of  bismutli  have  been  examined  hitJierto  in  mtW 
a  cursory  manner. 

SECTION  XXZ. — SALTS  OF  Si;i)OXIDE  OF  MEHCL'RV. 

There  U  no  genus  of  metallic  salts  which  has  been  subjected 
to  a  longer  or  more  varied  examination  than  iliis.  Mercury 
was liie met.i]  from  which  theaMiymistsconeeived  tltegrealcsi 
hopes,  and  which  they  exposed  to  every  possible  torture  dur- 
ing ibeir  researches  after  the  philoi<oj)her'i«  stone.  The  intro- 
duction of  mcreiirial  salts  into  medicine  ocaisioiied  ft  Bcnliii]r 
no  less  varied  than  otistinatv,  after  the  p«rox\>«m  of  the  aldij- 
mists  was  over.  The  Important  cures  performed  by  their  m<siu< 
especially  in  cases  of  the  venereal  disease,  were  curly  seen  bjr 
physicians;  but  tlie  energy  witli  which  they  acted,  and  tie 
ravages  which  tliey  sometimes  made  on  the  constjtutioas  of 

"  Wenwl'ii  Vcrwrnidtxchnft,  p.  M3. 

\  Trommidarf,  Ann.  ilcChini.  li.  317.  (  L.  GiatUa. 

.  ^  UnverdorlMn,  l^endorTs  Anntlen.  x\.  J30. 
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'  who  iised  tliom,  were  equally  vi»il>le.  TliCM  (Wlfteriouti  *•*  *'"'■ 
efTectt  were  a-scrilied  to  a  certein  acrid  »innetJiing  wliii-h  was 
tuppoeed  to  coiisititute  a  component  [sirt  of  mercury,  Tlie 
object  of  i-hcmical  |iliyi*iciaii!(  wim  loiif;  dirccti-d  towards  dis- 
covvrini;  »  mvtliod  of  removing,  nrutralizmg,  or  destroying  tltia 
acrid  somothiji^,  witliout  impairing  the  good  effectft  of  tlifi 
medicine.  Hence  the  numerous  preparations  of  mercury  wliicli 
were  one  after  aaotlier  introduced  into  practice ;  some  of  which 
bmve,  En  a  great  measure,  unawered  tlie  purposes  for  whidt  they 
wtn  intended;  while  tlio  greiiter  number,  after  continuing 
fu<«h)ontt)il<'  for  a  time,  liavc  |foiic  one  after  another  out  of  use. 

Mercurial  salts  have  lately  engaged  the  attention  of  philoso- 
phical chemists,  because,  from  the  peculiar  nature  of  the  metal, 
the  clianges  which  tuke  place  during  tlieir  formation  are  inoro 
easily  Iraceil.  To  liicm  we  ar*"  iiidt-htt^d  for  the  discovery  of 
the  composition  of  sulphuric  acid,  of  metallic  oxides,  and  for 
the  first  decisive  proofs  of  the  non-existence  of  plilo^iAton ;  to 
tlivm  wc  owe  the  discovery  of  oxygen  gas,  and  perltaps  also  of 
nitrous  gas. 

Mercurial  salts  are  distioguialied  by  the  following  properties,  cunam. 

1.  When  Ktrutigly  beatod,  they  are  voladlixed  unil  <liv<i])a- 
ed ;  and  tmce*  of  mercury  may  sometime")  be  ob-M-rvi-d. 

5.  PruHsiale  of  potusli  ueawioiu  a  whitish  precipitate,  which 
ne«  yellow  when  exposed  to  the  air. 
Hydrosulphuret  of  potash  occasions  a  black  precipitate. 
Muriatic  acid,  when  |>ourod  into  tlieir  solution  in  water, 
DIM  a  white  precipitate. 

6.  (lallic  acid,  or  the  infusion  of  nutgallstOccoNons  an  onuige- 
yellow  precipitate. 

^1     6.  A  plate  of  copper  plunged  into  a  litjuid  mercurial  salt 
Ifradually  procipitatot  running  mercury. 

I .  Suiphulaf  fuboiiilt  of  merrvn/.  This  salt  may  be  formed 
by  heating  one  part  of  mercury  in  from  I  to  1 }  [liirtt  of  sul- 
phuric acid.  Sulphurous  acid  is  disengn^d  abundantly,  'llie 
process  U  to  be  stojtped  when  the  mercury  is  convertetl  tnla  a 
while  (.-ryiatjdiine  powder.     When  this  nuilicr  is  washed  with 

»a  little  water,  to  remove  the  excess  of  acid,  it  conatitntes  a 
white  nit  in  scale*.  It  has  very  little  taste,  reddens  vegetable 
blues,  ui)d  when  heatc*!  the  euhnir  becomes  darker,  the  salt 
assumes  a  silky  lustre,  and  the  scaly  structure  becomes  much 
more  conspicuous.  32-725  grainsi  wbeii  healed  ou  the  sand 
bath,  lost  1-725  grains  of  their  weight.  It  lias  not  been  rigidly 
analyzed ;  but  Htip|>OHing  it  neutral,  tlie  constituents  seem  tu  be 
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33«675 
i^marmr^     When  tbe  preceding 
•it :» -Kimst  -v^  i  i..uK  *eu  «  vaser,  it  loses  a  portum  if 
3»  BOE.  HBE  9  mrr^eM  aa»  a  i  niMifal  tcUov  pmnler,  wliiek 
>  Ml^awmy  i  iiininiriiniif  ^  mi  iiiiJi 

^  JMPg-wwpiiim*  i^nnA  if  mtnmif. .  Tltis  salt  my  be 
■iBBmRC  ly  -mcwLT^Br  a«  aesmii  wlpfaw^  in  water  iK-Mnkt'J 
•m^BL  «ninnnf^  jEsL     Is  BMEcc  kH  Dercr  becD  paiticiilarif 


-W  >%niBK  MOwnv  '^  ■gi.igy.  Wlkoi  nitric  add  is  it 
i^mc  »  aK  icHi  ^nerccT  ■"ihiai  dw  asntaoce  (^  heat  ifta 
a  .ssvn  iiirani.  «*  ^nt  Meitarr  kas  been  dtntdred,  but  i^le 
SDsaBUtnunt  aaii  uis  ^ttsotrr  ttiU  maxin.  tiansparent  ciTttik 
«<  iBatasatnL  wika. «  aiaaied  sAoxide.  Tbese  are  usaillf 
lOeRcsMic  at  <g=M-aCT»hf  r-oni. ;  bat  I  kare  always  obtsiMrf 
itmc  rant*  grama.  TVifBh  i»  dm  scnsUdy  altered  by  e^pOMic 
V  w  jc.  I;  iw  ne  Aaerecable  taste  wliidi  diaiacieriRi 
:3K  winouF  i  i  i  1»'  sIk.  It  is  soluble  in  a  small  poftioB  if 
-w^:  ~3<ti  vi«E  osvstod  in  a  hi^  portioD  of  that  liqnid,  it 
s  wiKinciMni.  Bs:  when  tbe  liqoid  is  acidiilated  with  mtiie 
mai,.  a«  Mi^saiB  i^  eoi^lete.  By  heat  it  is  detXHnposed.  Ot 
luni^  Ma!i»  ii  •ieuaaies  feebly,  or  lather  boms  with  fliBb 
^s  fwosataesa.  by  my  amlysis,  are 

I  aidn  nitric  arid  6-75 

1  atoca  aiboxide  of  memny  26 

'2  atonu  aaier  2-:£d 

35* 
TUs  analysif  has  beea  soce  eonfiinwd  by  Mitcfaerlkh.-f- 

JL  SmbtagmimilraUd  tmboiiA  ^menwy.  When  the  actica 
<£  nitric  arid  upon  mercury  is  omtinaed  till  the  whole  aitiie 
arid  is  saturated,  taking  care  that  there  be  present  an  excM 
M  memny.  oystals  ate  deposited  of  another  form,  acooiding 
to  Mitdierlicli,  though  be  has  neglected  to  specify  their  sh^ie. 
They  are  large  transparent  prisms.  They  may  be  dissolved 
ia  a  little  water ;  but  when  digested  in  a  large  quantity,  the; 

*  Rnt  Principle*,  ij.  3M. 

t  Ann.  de  Chim.  et  de  Pfajs.  szxr.  421. 
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u  1  id  vrgu  decomposition.     The  coiulituentfi  of  this  sail?  accord-  ^**-' 
lag  to  tlie  analysis  of  Mitc)i«ritdi,  lira 

I    atom  nitric  acid  .         .         6-75 

1  ^  Mom  suboxide  of  mercury         HS 

Ij  Mom  water       .         .      '  ,         l'B875 


I 
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Dimtrated  mfioritlf  t>f  mrrcvrp.     GroiivclK'  pM-pnrwl  this 
|trn)iiit<ly  Uj-  decomposing  the  nitrated  suboxide  by  water, 
wid  found  it  a  compound  of 

1  atom  nitric  acid  .         .         6*75 

2  BtoniH  flutmxid*'  of  mercury  52*00 

58-75f 
t  U  a  wliit*!  p<nird<>r,  wliich  by  fiirther  wtwhing  becomes  yel- 

',  mA  may,  according  to  Mitchcrticli,  be  derived  of  tlie 

iol«  of  its  ucid  by  repeated  wailtioga. 

7.  /fyponitrUed  tiiboxide  of  mercury.  Thiit  salt  may  bo 
obtained  by  hoilinji;  an  n<{neoiu  ludiition  of  nitmled  suboxide 
over  mercury  till  the  liquid  «.«nme-s  «  diirk  yellow  colour,  and 
then  t'ruporatin^  tlie  solution.  It  \»  tt  l«mo»-yellow  salt,  very 
little  sobible  in  wnter.J 

B.  Chloraleii  xidioride  t^memtri/.  Chloric  acid  reiulily  dui- 
•olves  suboxide  of  mercury.  As  the  saturation  goen  on,  the 
chlnrnle  pr«ci]ti(a(e-i  in  liie  *tate  of  yfllowi^li  (grains.  This 
clilorate  lia.*  very  much  (lie  »p])eiiniiiee  of  ]iho*phate  of  silver. 
It  hiu  n  mercuriid  t«»te,  an<i  diwolve4  very  »[iarinf(ly  in  boil- 
Inft  water.  M'bon  iK-ated,  it  dctonab^'H,  oxy^n  gu  in  given 
out.  and  corrmtive  sublimate  formed.} 

9.  lodaled  »uha.ride  of  tHrretirj/.  lodate  of  potash,  wbeii 
poured  into  nilialed  ituboxide,  tlirown  down  a  white  precipitate 
with  a  pearly  lustre,  scarcely  soluble  in  water,  but  soluble  in 
iodic  aei<L 

10.  SrmptKarbaiated  stdioxide  i^  merrury.  'Iltbt  aalt  is 
obtained  when  a  solution  of  nitrated  sulioxide  m  preeipitatvi) 
by  carbonate  of  soda.  It  is  a  white,  tasteless  powder,  insoluble 
in  water,  l»ut  ronverlml,  according  to  Proust,  into  peroxide  of 
iBpretiry  by  exposure  to  the  air.  I  found  it  lo  lie  a  coni- 
poand  of 


>  Ann.  il«  Chim.  el  d«  Pti)4.  wvi.  423.  f  Iblil.  xlx.  I». 

t   MltcWIich. 

%  Vauqndia,  Ann.  dr  CKlia.  xcv.  103. 
II.  9v 


I 


'wBTsmy.     WW.  phnplatt  of 
■c  iiiranwi  sAtsU^  af  buuij, 

I  maamsi  in  ^u»  «»'  Hr^  C^iM  of  |ihiB|ihili. 
i^f—y^  urr  -wvacic  -wruai  'maaed  w  atno^  u  it 
'vntiMn'  II I  wmiiMii  iiM       Bmn^  m  eoBsdliKab 
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la  sfight  ex«a«f 
asrrvA  i«a  vaar  nna.  «hus  ihc  be  diiren  off  vitbcrt 


^WRWTL  \CWb  aneoBterf 
ma  is  wHRit  iiu  a  waau  ^  uDatt^  solxaide,  thii  all 
pEasDioaBk.  I:  s  A  ca^  pwiki..  desntaie  of  taste,  ud 
TOMiuiiit  s  WEC  I:  fawB  aanijki  wWa  bealed  on  tk 
ami  Vao.  .sui.  anr  ;aHciHiR  be  fntwaieted  as  anhydriMii 
•HmrmfngT  3tracaL  m  cuanneHH  are 

1  aoMK  Jamie  ui  .  7*36 

1  AOMK  "***"*■■  af  awraDT-  26 
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14.  Bir^Hi  tmiimdi  o/matmrjf.  Boncic  add  has  noactiaa 
4e3B«nr«rT:  bo  bante  <f  soda,  ponml  into  a  solutioo  of  (lit 
meci^  Bi  UEZK  aca^  occasow  a  precipitate  <d  bonte  of  mer- 
inn  B  ne  jCiAr  ot' a  tvUott  powder,  firat  described  by  HoDMt 
14.  :'i i  aiifcrf  <^M^  4>faK7vmnf.  A  white  insoluUe  pow- 
der. «e>aiaed  br  poaring  seleniooB  aod  into  a  protosalt  of 
Bertarr.     When  healed  it  melts,  and  fonna  a  mass  <tf  a  ileep 

•  Tnl  PtiKvk^  i.396.  t  UwL  p-  398. 
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'  brown  colour.  When  cold,  tlie  colour  becomes  Icmon-ydlow. 
M'heii  more  strongly  h<>iite(l,  it  mny  b«  distilled  over  tn  amber 
colour«<)  drops  u^uully  transparent.  It  is  decomposed  by 
potJttb,  und  likewise  by  muriatic  acid.* 

15.  Chromaird  std>oxide  of  mmury.  This  salt  precipitates 
when  chromate  of  poiasb  is  mixed  witli  a  solution  of  nitralnl 
suboxide.  It  is  a  fine  dark  red  powder,  insoluble  in  water, 
and  destitute  of  ta»te.  When  heiited,  it  loses  alfout  '2S  per 
cent,  of  water,  which  bein^  less  tluin  an  atom,  Is  probably  only 
bygrometricuL     Su])posin^  it  anhydrous,  its  constituents  are 

1  atom  chromic  acid     .         .         .         6>& 
I  atom  suboxide  of  mercury  ,       26 
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W      16.  Molghdalfiftfilioxidet^tatrcvry.     Molyb<late  of  potash, 
"  when  dropped  into  nitrated  suboxide,  throws  down  a  yellow 

precipitate,  soluble  in  about  600  times  its  weight  of  \i-utx:r,  and 

dccoin])ose<l  by  di^stion  in  nitric  ncitL 

117.  TtiH//«taied  mboxide  of  merair/f.  Tungstic  add  fonns 
with  the  suboxide  of  mercury  lui  insoluble  powder,  which  hw 
not  l»een  examined. 
18.  Oxalaled  AHlioxide  ofuicrcury.  This  suit  is  formed  when 
Donlitc  of  animotiia  and  nitrated  suboxide  are  mixed  together- 
It  is  a  white  powder,  nearly  tasteless,  and  Insoltihle  in  wiiter. 
When  dried  in  the  u-mperaturtr  «f  100",  it  is  a  In-BHtiful  white 
powder,  whicli,  when  ptaced  on  tJio  sand  bath,  gives  out  a 
little  water,  und  then  explodes  with  considerable  violence. 
ItA  constiturntJt  u'em  to  be 

tl  atom  oxalic  acid        ...         4-5 
^  1  atom  suboxitlc  of  mercury  .       S6 
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19.  ActlaUd  tuboxidf  ((f  mfrcvr}/.  This  wit  is  precipitatetl 
in  I>eantiful  silky  scales,  when  solution!)  of  nitrated  suboxide 
and  acetate  of  soda  are  mixed.  It  has  the  disugrecuble  taste 
of  the  mercurial  aalta,  but  is  the  least  soluble  of  all  the  acetntci, 
requiring  about  600  times  its  weight  of  water  to  dissolve  it. 
Aecoc^g  to  the  experiments  of  Dumas,f  it  is  anhydrous,  and 
composed  of 

*  Bomtluf,  Ann.  de  Chini'.  ct  ile  Phjn.  ii.  3(8. 
t  Abil  des  Mints,  xii.  210. 
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1  atom  acetic  acid      .         .         .         6-35 
~  1  atom  suboxide  of  mercury        .      36 
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I  inferred  that  it  contained  four  atoms  of  water;  but  n  I 
obtained  only  one  of  tbe  constituents  the  inference  waa  diann 
from  insufficient  data.* 

20.  Lactated  suboxide  of  mercery.  Lactic  add  diawlTM 
the  suboxide  of  mercury,  and  forms  a  light  yellow-colonRd 
matter  which  becomes  white  by  repeated  solution  and  enpoi^ 
adon.  It  contains  an  excess  of  acid,  deliquesces  in  the  air, 
and  is  partly  dissolved  in  alcohoL  But  at  the  same  lime  tke 
salt  is  decomposed. f 

21.  Formated  suboxide  of  taercury.  When  suboxide  of  meN 
cury  is  dissolved  in  formic  acid,  the  colourless  solution,  whoi 
concentrated,  deposites  soft,  white,  four-sided  prisms.  Tbef 
are  soluble  in  water,  but  the  solution  speedily  unde^oes  ii- 
compoution.t 

22.  MeBated  suboxide  cf  mercury,  MeUitic  acid,  wha 
dropt  into  nitrated  suboxide  throws  down  a  wbite  predjatite 
soluble  in  nitrie  acid.  \ 

23.  Tartrated  suboxide  of  mertmy,  "niis  salt  is  {nct^ 
tated  when  tartrate  of  potash  is  mixed  with  a  solutiaa  of 
nitrated  suboxide.  The  precipitate,  when  it  first  &Us,  it  nsv 
white,  but  in  a  few  minutes  it  bladcens  considerably,  and  wIicb 
collected  on  the  filter,  washed  and  dried  in  the  open  air,  it  b^ 
comes  gray.  It  has  scarcely  any  taste,  and  is  not  sensiitly 
sobible  in  water.     This  salt  ia  anhydrona,  and  con^Mised  of 

1  atom  tartaric  add  •         ■         &25 

1  atom  suboxide  <^  mercury  .         .       36 


34-25 

24.  Vimnttd  suboxide  of  mercury.  Vlnic  acid  gives,  witfc 
nitrated  suboxide,  a  white  predpitate,  which  bladteas  when 
exposed  to  the  %ht  R 

25.  Ptrmlartraled  suboxide  of  menurtf.  Pyrotartnle  rf 
potash  gives,  with  nitrated  suboxide,  a  thick  white  predpttate.^ 

2ti.  VitnUrd  siAoxiik  (fmemry.  CStric  add  does  not  pre- 
dpitate nitrated  suboxide,  but  it  ^ves  a  predpitate  with  aee- 
tated  subo.<[ide.  This  salt  is  a  white  powder,  soluble  in  nitiie 
add. 

•  FVn  Principles,  ii.  WO.  f  BetM&u,  Djurkamioi,  u.  43S. 

I  GSbA  $  KUprodk.  ■  Walchner.  f  Bow. 
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27.  Maiattd  gvboxide  tf  mercury.    Pore  malic  add  docs  ^k'-xxx. 
not  prcdpitutc  nitrated  suboxide;  but  n  while  prectpibttc  falls  ~~ 
if  tlio  miilic  ndd  be  impure.* 

yS.  J'yromHcated  mixaide  qf  mercurj/.  A  wliitt  predpitate 
fells  when  pyromucate  of  poUisb  ih  mixed  with  nitrated  sub- 
oxide of  mercury. 

29.  .S'lia-inaCMf  mtianV/r  iif  mercury.  When  succinate  of 
pouwl)  ix  dropt  into  nitrated  »ubuxide  a  white  precipitjitc  fidls, 
which  \s  insoluble  in  water.-t- 

30.  Jienzfiatrtl  xulxiTiiitt  fifmercnrg.  Benzoic  actd,  or  Beu- 
zoate  of  ainmuDiu,  wbcu  drc^t  luto  nitrated  Huhoxidc,  throws 
down  u  prwipitato  in  white  iievdleit,  which  b  insoluMe  in 
water.  |. 

31.  Camphoralcft  suboxide  of  niercurtf  may  he  obtained 
by  double  ai!iiiity.  It  is  a  white  powder,  which  becomes  gray 
when  dried,  and  i«  HCjircdy  soluble  iit  wuter.J 

3'i.  Sulxmk<l  rubozide  of  mercury,  A  white  powder,  ob- 
tained when  suberic  acid  is  dropt  into  nitrated  suboxide  of 
mercury.  || 

3y.  Pinnttd  mlioxidr.  ^ mtrcurti.  Nitrated  subo:E id e  »»  pre- 
cipitated by  piuatc  of  potash.  The  wdt  Ih  in  the  «(ate  of  white 
floclut,  »olul>le  in  ether.  When  boiled  in  alcohol  tl^cy  become 
black.*! 

•'M.  SiimUd  sul/oxide  uf  mercury  ts  flimilar  to  theprocetliiig 
•alt.** 

3.V  CarhaziJalrd  euhoxidf  of  mercury.  It  inny  be  obtained 
by  mixin);  boiling  solulions  of  carbaxotalo  of  soda  and  nitrated 
KiilwTide,  It  i.4  deposited  in  small  yellow  Ihree-Nidtrd  priitm«. 
I(  require*  about  20O0  times  its  weight  of  water  tu  dissolve  it.ft 

•Ifi.  Indigotafed  xuhoxtdf  qf  mrretirff.  It  may  be  obtained 
by  double  decomposition,  and  is  lui  iii«olubl<  white  powder. 
It  is  composed  of 


I 


Indigotic  Hci<l 
Suboxide  of  mercury 


100 
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37,  StdphoHaphtkalaleil  tulioxide  if  mercurg,  Sulplionaph- 
(Imlic  add  diMulves  carbonated  suboxide  ofinercur)',  and  forms 
M  Kdt  not  quite  neutral  and  crystalUziug  imperfectly  in  the  air. 


■  BrMOiHiM.  t  Oehlen. 

$  l)rnw]e«,  S<.'hwciggcr'(  Joor.  Jixfiii,  899. 
^  UiKcrdiMlwii,  Pflg^tiHlorf'*  Aniiolcn,  li.  S3G. 
ft  Lietiig,  Aiui.  lie  Chwn.  ct  dc  Vhy*.  x»\t.  HA. 


X  HItingv. 
I  Ibid,  xixiii.  97. 
■•  Udd.  p.  40e. 
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It  H  vU»,  bs  a  bctciubI  txite,  does  not  deliqneioe,  and  it 
"  iViiinniml  by  beaL* 

3&  Simifit^td  fKbaiide  qf  mfrcwiy.  Sin^nc  acid  irboi 
irof*  iBU  aatrattd  soboxide  of  mucuiyj  dmnrs  down  a  wbtte 

UCnOX  XXXI. — SALTS  OF  OXIDE  OF  HEBCtTKT. 

TW  aalB  of  oxide  of  mercaiT  hare  a  considenble  analogj 
w  Aoe*  of  nhoxide.  Some  are  soloble  in  water,  and  &t 
MJmutm  B  ihbIIt  transpareDt  and  coloni-less.  Those  wiaA 
m*  iBMJoMe  in  vaur  are  almost  all  soluble  in  nitric  acid,  and  tk 
•risKMa  i»  tnospamii  and  colourless.  We  may  distin^piidi 
tte  sah»  of  oxide  of  memin-  by  tbe  foUoving  properties : 

I.  A  aohitioB  of  poosfa  dn^t  into  a  solution  of  snch  nlti 
llnws  down  a  yelhnr  precipitate,  not  soluble  in  an  excen  tl 
pfSBf^  Bat  if  to  tbe  liquid  we  prerioosly  add  some  sal  •■- 
mMuar.  then  tbe  potasK  precipitate  is  white.  The  same  ooioBr 
»  jtwefialJe  when  the  liquid  coDtains  much  uncombined  adi 

£.  Ammwiia  throws  down  a  white  precipitate  not  soluble  in 
as  ^Kwss  «f  the  ra^nL 

3L  C^rKnate  of  potash  throws  down  a  reddish-brown  pn- 
aseaat  sm  9nlal4e  is  an  excess  of  the  reagent.  Carbonate  «f 
asmtvia  tkrvvs  down  a  white  precipitate.  The  same  obsR- 
TMxe:  applies  to  oxalate  of  ammonia  and  pniasiate  of  pottA. 
TV  Tn»Ha:e  of  potash  precipitate,  after  scHne  time,  becomts 
Kw." 

4.  Hrtiramlpharpt  of  ammonia,  added  in  very  small  qnu- 
err.  pc\«doon  a  hiaci  pivdpitate,  iriiich,  when  the  liquid  ii 
i^akes.  Knwbm  white,  and  remains  toi^  suspended.  Whea 
li^^tiiws^sret  of  ammonia  is  added  in  excess  the  prec^tite 
»  JMoci.  It  V  inmluble  in  ammonia;  but  dissolves  in  pots^ 
Sci>i.s:«w\i  hy>tv^:en  acts  precisely  in  the  same  way. 

X  K'tsie  M  pi4aaaum  throws  down  a  scarletncoloured  pte- 
vcr^aiK-.  Asd  f^vnale  of  pomsh  a  yellowish-red  powder,  pro- 
» ikJtv-  lie  ^=ii  he  not  too  dilute. 

A.  A  :>lat<'  •'4'  copper  put  into  a  s(Jnti<m  of  oxide  of  c«{^ 
w  ft\-ra  viiKTwi  Knnt:  converted  into  an  amalgam. 

r.  Wkcr.  mixed  vith  cnrb(»ate  of  soda  and  exposed  to  tht 
ai.ix'a  >il  tSie  bii>w-pipc.  meiniry  is  reduced  to  the  metallic 
»t»te. 

•  F»!»V^.  Aamfe  «"  FliiloMfihi'  (U  aaka),  xi.  «4 1. 
t  Ikon  Mdtiwvc 
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1,  iitiii>hale  c^  mfmiry.  This  gait  may  be  formed  \>y  boil- *«•■  *"'"■ 
ing  intrcurj'  violi'mly,  and  for  a  considcrublo  time,  in  com-fii- 
tmi«N)  -*ulptiuric  acid.  TIk'  Hiilpli^tcd  suboxide  at  first  formed 
is  ^^duiilly  vlaaiigetl  into  Niilphale.  If  we  treat  in  tliin  v/ay  2 
parts  of  rewTcury  and  a  of  strong  acid,  tbe  whole  salt  formed 
h  sulphate.  M'lien  prepared  in  (his  way  I  found  it  in  wliiKt 
invffular  cryi^taU,  strongly  rtddciiing  litmtis  paper,  un<l  com- 

Bposcil  of 

^F  1    atom  Kiitpltaric  acid  5 

^^^^       I    atom  oxide  of  mercury  I3"S 

^^^B        J  atom  water         ....         0-fi62& 

^m    S.  Dmilphiite  of  tturcury.     Tliu  salt  k  obtained  wlica  tbc 
Hpreceding  §alt  is  well  wa-ilied  in  hot  K'ater.     It  win  known 
JPformerly  by  tJie  name  of  lurfH-th  Mtiurnl.     Its  ■ptH-ilic  gravity  , 
W  e'44-l,»      It  in  Holublt^  in  'HMM  parti  of  cold  water,  and  in 

■600  ports  of  boiling  wat«r.  The  Holulion  is  colon rle!<8.f 
F  The  name  turprlh  mineral  seems  to  have  been  given  to  ihiM 
salt  by  Croltius,  who  boasted  of  its  medicinal  virlnes,  but  kept 
^ihe  pre|)aratioa  a  secret.  He  attempted  to  moderate  the  vii»- 
fDt  action  of  tlili  substance  by^  long  digealionf  but  without 
'nuccewi.  'nie  proeoss  for  preparing  it  was  afterwardit  iiuulo 
public.  Kunkel  publiHhed  a  ;^ct  of  cxpcriment-'i  on  it  in  I  ~W), 
ill  hn  Laburatorinm  Chgmicum.  The  name  ftirftrih  was  no 
doubt  given  from  some  resemblance  which  it  vaa  supposed  (n 
have,  either  in  it«  colour  or  elfi*ct.s  to  the  rout  of  the  cimtiJ- 
vulun  tHriKthttm,  a  pluiit  formerly  used  in  medicine.  From 
tlie  aiuilysca  of  Braamciimp  and  Siquiera  OHva,  it  is  obvious 
thai  the  constituents  of  this  salt  are 

^l  atom  sulphuric  acid  ,         .         5 

-  S  itoms  oxiilc  of  mercury  .  ,  37 
U.  Bittulfthale  ofnierctiry.  It  may  be  obtained  by  digeslinjur 
U)<>  itulphato  in  Hulphuric  acid.  It  cryBtallises  in  prismn,  and 
doli<ju('NC<>«  in  (he  air.  I  found  it  impossible  to  obtain  this  salt 
sufficiently  free  from  adhering  sulphuric  acid  to  i^uhject  it  to  a 
nln&ctory  analysis. 

4.  Dimtrate  of  mertury.     I  obtained  this  salt  in  beautiful 
and  trins])arent  rhombic  priams,  with  angles  of  about  74^  and 

•  Watsun's  Cliciiiti-'LiI  Etsaj's  v.  68. 

t  Fourcroy,  Ann.  dc  Chioi.  x.  81)8.  (  Ana,  de  Cliini.  ti*.  123. 
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106O  (nieasaKd  by  the  cmnmon  goiiM»oet«,)  from  »  acrfntion 
of  mercury  in  s  great  exeesB  of  nitric  add,  whidt  had  been  left 
long  in  an  open  dish.  When  pat  into  waiex  it  is  decwnposedt 
red  oxide  of  mercory  remaining.  The  solutkm  of  red  onde 
of  mercury  in  nitric  acid  by  careful  erapofstioii  may  be  ob- 
tained in  crystals.  I  found  the  coostituenls  of  this  salt  1  atoi 
mtric  acid  and  2  atoms  oxide  of  mercury.  MUf^rlich,  vho 
has  examined  it  more  lately,  says  that  it  contains  also  bn 
atoms  of  water.     If  so,  its  constituents  are 

1  atom  nibric  add       .         .         6-75 

2  atoms  oxide  of  mercury  .       37 
2  atoms  water  .         .         2-25 


36 

I  did  not  succeed  in  preserving  these  crystals.  Iliey  be- 
came first  yellow  and  then  doogfay,  and  lost  their  appemaaet. 
5.  TUramtrate  of  mtrcury.  When  the  preceding  nit  il 
washed  with  a  small  quantity  of  water  a  yellow  coloured  nat- 
ter remains,  which,  according  to  the  analysis  of  Braamcanq)  tnd 
Siquiera  Oliva,  is  a  compound  of 

Nitric  add  .        .       12 

Oxide  of  mercury       ,         ,       88 

100 
This  iqtproaches  very  nearly 

1  atom  nitric  acid        .  6-75 

4  atoms  oxide  of  mercury    .       54 


60-75 

6.  Sapemitrate  of  mercurs.  When  mercury  is  dissdred  ia 
an  excess  of  nitric  add  with  the  assistance  of  heat,  or  if  red 
oxide  of  mercury  be  dissolved  in  an  excess  of  nitric  add,  thii 
salt  ia  obtained.  The  solution,  according  to  Proust,  may  be 
concentrated  till  its  specific  gravity  amounts  to  3-47.  It  ItMS 
very  acrid  taste,  and  stains  the  cuticle  bUdc  By  coneentnt- 
tion,  it  deposites  dinitrate  of  mercury,  but  cannot  itself  bs 
resolved  into  regular  crystals. 

Grouvelle  mentions  a  binitrate  of  mercury  composed  of 
2  atoms  nitric  acid      .         .       13-5 
1  atom  oxide  of  mercury     .       13-5 

27* 

*  Ann.  de  Chim.  et  ds  Pbyii  xU.  142. 
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But  be  gives  no  aooount  of  its  properties  or  of  the  nwans  of 
olitaining  iu 

7.  Chliiratv  n/mtrcury.  TIiin  tf^t  WB8  6nt  obtwDcdby  Mr. 
Cheitcvix.  I(  may  be  formed  rvadiljr  by  dtswlring  oxi<tv  of 
merrury  in  chloric  acid.  It  cry&tallizes  in  n«erlle«,  i§  prcUy 
■oluble  ill  vnittfr,  aiul  ha*  a  strong  taste  like  that  of  corrosive 
siiblinuilc.  It  alwiiyi  cunlaiiiM  an  vxccsh  of  acIiL  When 
lifuti'd  ill  n  gliiAS  lulic  it  ^\n  out  a  great  deal  of  oxyj^'ii,  a 
yellow  matter  remains  which  appeare  a  mbtture  of  ml  oxide 
of  tncrciir}',  cornthive  sublimate,  and  calomel.  'I'hefirvtportiou 
«f  oxygen  is  diwnj^'ii^-d  with  rupidity,  but  thv  hut  portion  tiuC 
till  tlte  ItonI  is  C4Hisi<l<.>nit>ly  clcratrd.* 

6.  SubcarboHaU  t^mercHry,  It  in  obtained  by  mixing  solii- 
doKt  of  carlwDiitc  of  Sw\i\  and  nitrated  mercury.  The  preci- 
pitate K  reddi-sh-browiit  it  ha§  not  been  analyzed,  but  according 

■to  ProuDl,  (he  quantiiy  of  carbonic  acid  which  it  c-ont.-untt  i« 

fcniill 

^t  9.  Phoaphate  vf  mrrcurff.  It  is  a  while  liiHoIuble  powder, 
obtained  by  mixing  together  solutions  of  nitratvd  mercury  and 
phosphate  of  soda.  According  to  tlie  annlysi.t  of  BraamciUiip 
Mid  8iquieni-(  >livit,  it  m  composed  of 

Acid  ....       98-5 

Oxide        ....       71*5 


Ita*.  XXXL  ! 
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'Dx'n  is  obviously  equii-ulent  to 

1  atom  phoophuric  acid 
1  atom  oxide  of  mercury 


4*6 

18 


10,  Aritrnialf  ofmrrrvry.  This  sail  !h  obtained  when  arse- 
niale  of  stKhi  m  mixed  wilb  a  Hululion  of  corrotiive  i>ublimute  or 
of  nitralvd  mcTcury.  It  is  n  yellow  precipitate,  which  it  soluble 
in  arsenic  acid,  When  arsenic  acid  is  healed  orer  mercury 
anenious  acid  i»  sublimed,  and  the  suinc  yellow  arseiiiatc 
formed. 

\\.  SeUnke  of  mercurif  \a  obtained  by  satumting  «elenlous 
acid  with  oxide  of  mercury.  It  is  a  white  powder,  nearly 
insoluble  in  water.  When  only  a  certain  portion  of  oxide  is 
dissolved  in  the  acid,  tf  we  filter  and  evaporate,  wc  obtain 
lafgc  prismatic  crystaU,  Htriated  longitudinally.  TbeM  are 
bimkniU  of  mercury.  This  suit  <lisMlvc«  sparingly  in  tilco- 
*  Vauquclui,  Ana.  de  Ctilm.  xcv.  107. 


cutt  I-     hoi.     It  melts  when  heated  in  its  water  of  cryBtalllzation.   The 
~~  anhytlrous  nalt  does  wot  melt,  hot  sublimes  wtlliout  alteration.* 

1*J.  Anthnimifilr  nfmrrrun/.     When  antiiiioniate  of 
is  mixed  with  nitrutcd  mercury  or  eorri«nT  siiblimutc  ai) 
yellow  precipitate  falls-f 

13.  TeUurate  qf  mtrmry,     A  white  powder,  not  eoliMe 
water. 

14.  Chromttie  ofmercKry,     A  yellow  soluble  salt. 

15.  Oxa/ate  qf"  mermrtf.  A  white  powder,  oblaiiifil  bf 
adding  oxulatv  of  ammonia  to  acetate  of  mercury. 

16.  Actiate  of  Tuermr^.  This  salt  may  be  formed  bydi»- 
aolving  red  oxide  of  mercur)'  in  acetic  acid,  and  boiling  the 
folution  on  fretth  red  oxide  till  the  acid  h  mturut4>*l.  MTicn 
the  liquid  cools  it  deposites  cryrtals  of  acftai«  of  mercury,  m 
wa§  first  observed  by  Stromeyer  and  Garot.  These  (n')''»til( 
are  rectangular  tables  and  plutcs,  baring  their  angles  freqiHrniy 
truncatotl.  They  are  sometimes  transparent,  aiul  HomctiiDtt 
only  translucent.  'Ilicir  lustre  u  pearly.  I'he  tuxtc  is  limf 
and  mercurial ;  the  smell  tliat  of  acetic  acid,  and  the  salt  ici- 
dens  vegetable  bluett.  When  the  rrysLiU  are  exposed  to  ^ 
air  tliey  lose  acid,  and  are  converted  into  a  sulisalt.  Wliea 
hcate<l  the  salt  melbs  acetic  acid  Iwiug  given  out,  and  a  eon- 
verted  into  a  white  granular  mass.  By  a  stronger  Scat  it  is 
quite  decomposed.  According  to  Vogel,  when  boiled  witli 
ftugar  it  is  converted  into  acetated  suboxide  of  mercury. 

.<Vt  the  temperature  of  60%  the  salt  dissolves  in  4  timet  iu 
weight  of  water  :1  at  66°.  in  2-73  times  itjt  weight,  am)  it 
about  itJ>i  own  weight  of  boiling  water.}  At  66°  it  diwolm 
in  1 7-8  times  its  weight  of  alcohol,  of  the  specific  gravity  O-BI  l> 
but  at  the  same  time  a  portion  of  yellow  subsalt  is  dopositedlf 
Alcohol  and  etlier  are  capaMn  of  depriving  it  of  the  whole  of  it» 
acifl.  According  to  the  anal)'sis  of  8troi»eyer,  it  is  composeil  ■'' 
Acetic  Bcid  .         .  02'»3fl 

Oxide  of  mercury     .        .         .       4i7-664 


( 


Tim  iit  obviously 

I  atom  ai'otic  acid    . 
I  atom  oxi<le  of  mercury 


100 

6-2S 
13-5 


k 


■  hcnellua,  Ann.  dc  Cliini.  el  do  Plijs.  ix.  3+?. 
I  (JuroL  i  Struuic^cr. 
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'^making  allowance  for  a  slif^t  excess  of  afietlc  acid,  which  does  swi-ttxi. 
not  amount  to  j'jjth  of  an  atom. 

17.  Meiiate  of  aterrur}/.     M«tlitic  aeid  wIimi  added  to  ni- 
iteil  inercury  tlirow*  down  a  witite  precipitate,  which  is 
soluble  in  water.* 

It*.  Titrlrtttf  iif  mrrciirt/.     Tartaric  acid  throws  down  from 
^Acetate  of  mercury  u  white  powder,  which  is  a  tartrate  of  mer- 
cury. 

19.  Ptfrotarhrtb'  ofrnfrrury.     Whi-n  pyrotjirtrat*  «f  potiuh 
mlTtc-d  with  u  suhttion  of  ct>rrosivc  Hublimale  no  cliaiige  takes 

place  at  fint,  but  in  a  f«w  minutes  the  liquid  becomes  muddy 
■lui  white.  After  an  interval  of  12  houn  a  browu  precipitate 
is  depositeii.f 

20.  Mtdntf  ofmrrttiry.     Wlien  red  oxide  of  mercury  is  dls- 
slved  in  malic  acid  a  gummy  uiiorystallizable  salt  is  obtaiDed, 

i which,  when  digested  in  n-ater,  isdecompoiicdintuaKuhnialale 
yrbich  remains,  nnd  a  supermalate  which  di»9«olve»  in  (lie  tiquid.J 
f  '2\.  Succinate,  ofmcrrur^.  A  white  powder,  diffieuUly  solu- 
k)«  in  water.  When  succinic  acid  is  <ligested  witli  the  oxide  of 
pnercury,  it  forms  witli  it  a  shapeless  mass  containing  some  crys- 
lul»,  and  soluble  in  water :  from  wliich  the  oxide  is  precipicate<l 
by  alkalies  iitkI  hydrosulpliuretii.|  These  crystals,  I  conceive, 
are  bt^uccinate  of  mercury.  When  succinate  of  ammonia  ia 
dropped  into  PorroHtve  Kiililimnte  aii  insoluble  white  precipitate 
falls,  which  is  succinate  of  mercury. 

22.  Jimzoate  of  mercuric  lieuzoic  acid  dissolves  the  oxide 
of  mercury,  and  forms  with  it  a  white  powder,  not  altered  by 
expoeure  to  theair.  It  is  iiiM>lubl(-  in  water,  ami  very  sparingly 
•oluble  in  alcohol.  A  moderate  heat  sublimes  this  salt,  and  a 
strong  lioni  decomposes  it.  It  is  deoomposed  by  lime,  by  sul- 
phuric acid,  and  muriatic  iieid,  and  by  sulphur.  {| 
^,  23.  Mtcoitate  qf  tnereurtf.  When  mcconic  acid  is  added  to 
Hborrosive  sublimate  a  precipitate  slowly  falls.^ 

24.  Pinate  <if  mercury.  Pinate  of  potaih  throws  down  a 
jrrecipiiate  from  corrosive  sublimate.  It  in  yellowisli  red,  fusi- 
Ue  when  gently  heatmt,  and  soluble  in  etlier.** 

25.  SitraJe  of  mrrcun/.     Tlii*  wdt  n-Hcinble*  tJie  preceding, 
nd  nmy  be  obtaineil  by  a  siiiiilur  process. f-f 

*  Kluprotb.  t  O-ilMJ.  t  Bfaconooi. 

Wcnxd'x  VenrandlMJuft,  p.  8i5. 
'■  TnM(un«dorf,  Ann.  de  Chfm.  xi.  310.  1  Rotm|uet. 

••  Unvcrdurticn,  PasKcndorrB  Animlvii,  sL  834.  ff  Ibiii.  p.  Wi. 
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36.  Pymraie  of  mrrritrj/.     Pynuato  of  potash  tlirou-ft down 
a  precipitate  when  (lr»|it  into  lutratcct  mercury.' 

27.  SMiiAirHuphUiahtt  uf  men-urp.   K^-d  oxiilv  uf  mcrcnrybj 
euluble  ill  si)l(>li(>iiaf>liiluLliu  itcid.     TUt.-  solution  wlieu  en^j 
niU'tl  y\v\A'»  a  yrllowish  deliquescent  salt,  (Ibcompownl  by  hnl, 
burning,  ftnd  entirely  volatile.! 


€li«ncWn. 


SECTION  XXXll. — SALTS  OF  OXIDE  OF  RILVCII. 

Ne%'enil  of  the  nnAs  are  aiguibte  of  oxidizing  silver;  huiii 
resi»t«  the  ncliuii  of  tlie  greater  number.  Tlii?  nitric  tiisiwlvrt 
it  with  j^-at  facility ;  hence  it  is  liie  nitrate  of  silver  witli  vluci 
we  are  be»t  ac(|u.'iii)ted.  M<)»l  of  the  other  ucids  fonn  wilk  il 
coinpoundM  isciircely  Moliible  in  vmter.  'Hiu  Nilts  of  silreraif 
be  cusily  ti»cor(iiiiiod  by  the  following  properties: 

1.  The  Holutions  of  the  soluble  saltti  of  silver  ore  ooiouilw 
and  transparent.  The  insoluble  nits  are  wliito,  or  sonKtinm 
yellow  or  red. 

2.  A  iH^lution  of  potush  dropt  into  a  salt  of  silver,  gins* 
light  brown  prei'ipiutto;  carbonate  of  potiuth  throw  domi 
white  precipitate.  Both  of  tlivsc  precipitates  are  rediMillW 
when  itmtiioiiLi  It  added. 

3.  Ammonia  proiluces,  when  poured  into  a  neutral  solatia 
of  a  salt  of  silver  in  very  small  (puuitity,  a  brown  prec^MbHi 
which  dissolves  at  once  when  a  little  more  ammunia  UaiiM. 

4.  When  exjioscd  to  the  action  of  the  blow-pipe  u]>oii  ckv> 
coal,  they  are  reduced,  and  a  globule  of  silver  obtained. 

5.  Prussiate  of  potash,  when  dropped  into  a  solution  of  ■ 
salt  of  silver,  occanioutt  a  white  precipitate. 

6.  HydruHulphurct  of  poln'sh  occasions  a  black  predpliMb 

7.  Muriatic  acid  or  the  alkaline  muriates  occasion  a  «iil' 
heavy  flaky  predpitate  resembling  curd. 

ti.  Gallic  aciil  and  the  infusion  of  nutgalls  occasion  a  ycUa** 
iah-bruwn  pn-dpitate,  at  least  in  several  of  ilie  soluiiaoBtf 
silver. 

U.  When  a  plate  of  co)>pcr  is  put  into  u  solution  of  Mlni|i 
this  lu.-<t  metal  is  precipitated  in  tlie  nictnllic  state,  retainii^l 
however,  a  little  of  the  copper  alloyed  with  it. 

10.  The  solution  of  sulphate  of  iron  precipitates  the  silver  i 
the  metallic  slate. 

1.   Suljthiitf.  of  Ktlivr.     Sulphuric  acid  doM  not  act  on  ulvt 

■  Cheviillicr  and  l.a>iiiiii|iiiu,  Ann.  de  Chioa.  cc  de  Pliyo.  xnL  101. 
f  t'andsy,  Aannli  of  I'liilajtopliy  (:jd  Krici),  xiL  ^11, 
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wliile  eald;  but  n-lipn  boiled  upon  tliat  metal  ui  tlte  Mate  of  ^ 
powder  an  efTervesceiice  U  producmt,  occuMonod  by  tb«  escape 
of  8ulphiirou«  itci<)  ^iS  und  tlir  silrvr  \*  n'diicvd  to  »  wlutc 
M>luMf  in  dilute  sulplitiric  Kcid.  This  eolulion  ts  liinptd 
and  coIoutImh,  and  yields  on  evaporation  crystiils  of  8ul]>hato 
of  «ilrer.  Tliese  crystals  are  white  and  brilliant,  and  liave  tlie 
form  of  rery  fine  prisnui. 

Thii  itiilt,  acwrdirif;  to  Wi-n/el,  require*  871tli  (mrti*  of  water 
to  dissolve  it;  beiicc  tlie  reiMoiitliut  it  is  generally  precipitated 
in  liie  state  of  a  white  powder  when  snlphuric  acid  la  dropped 
into  a  solution  containing  silver.  It  in  soluble  in  nilne  acid 
witbont  di^'om position.*  When  heated,  it  inelt^i,  and  in  a  red 
he«t  it  decompooed :  the  Rilver  in  ri>diiced,  andsulphuTnn«acid 
and  oxygen  gus  arc  di«engitged.  When  exposed  to  the  l^ht 
it  10  elowly  deeompoMKl, 

Tlie  ea«ie«it  mode  of  obtaining  it  is  to  mix  logetJier  soliitiona 

nitntte  of  silver  aitd  snlpbaie  of  snda.     It  tiilU  in  the  Htate 

if  u  white  [Kiwder,  wbicb  may  bi-  dissolved  in  water  and  iTyif 

f<l.     It  luM  the  pi'Ciiliurly  di<n((ri'i-ul>lci  tiwte  wbtdi  charao- 

lerizcs  t]ic  Holublu  sallA  of  silver.     It  U  niihydroua,  and  com- 
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1  atom  sulphuric  acid 
I  atom  oxide  of  vilver 


5 
14-75 
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^F  S>  SvtpAite  of  silver.  SuIpkurouH  add  does  not  attack  silver, 
but  it  comlnneti  readily  with  its  nxldo.  The  sulphite  amumei 
the  form  of  small  bnlliunt  white  grains.  It  has  an  acrid  metal- 
Kc  tnsle.  ^\'nte^  dissolves  only  a  very  minute  portion  of  it : 
acenrdiiigly  sulphurouH  acid  occasions  a  while  precipitate  of 
•u)|iliite  in  solulionvi  of  liilver.  When  expuxetl  to  the  light,  it 
HHDBM  n  brown  colour.  When  Atroirgly  healed  the  Nilver  is 
reduceil,  and  !intphuroiis  and  sulphuric  neido  exhulcd. 

This  sail  nuiy  be  obtained  also  by  mixing  together  the  wlii- 
tions  of  sulphite  of  ammonia  and  nitrate  of  silver;  bnt  if  too 
niicb  Nulphile  of  ammonia  be  added,  tlie  salt  is  redtsMiKM, 
•nd  a  double  suit  formed,  composed  of  sulphurutui  aeid,  oxide 
I  of  Bilver,  and  ammonia.     Tie  fixed  alkalies  are  abo  capable  of 
dtMtolviiig  tlie  sulpliile  of  nlver,  aiw)  forming  with  it  triple 
iltJi.t 
•1.  Ilf/jioMulpAiiet^Mlver.     When  nitrate  of  silver  is  dropped 


Kbfirotli. 


+  Fourcrojr,  vi.  383. 


■■iBtnnelynHt 
"■■c  jK  -i.unMn  ^  IMC  jLMJiuMfe  W  a  vnriue.  Wka 
sar  r  ^^auaibj  nra^TMS  6waB{«ninK.  and  h  at  bit  tm^ 

^-'mB^.  TlBBJiii^KlT&niiedbjfh 
■csL«^3i  rrsMw^iaricacid.  Wlen  ifce 
^Piweri  .sDOEtcaBec.  it  dfposaes  beantifQl  tia» 
ff  rrjtmaiaaaae  i£  Arr.  Tb«T  at«  a^ 
«Bex  iBSK  g  iiiiiunwr  iy  iMr-aieJ  prraawls,  vUdi  hnt 
jnei  aaESMM:  uii  igirgt  ir  V.  Hnren.f-  Tbese  ayAli 
r  UK  K>¥  fliinoui  iL  Tviw  3iisr  ■tiafct  of  watn'.  Iltejr  m 
nc  jattf  MERX  iy  ecwiicn^  » ik  ik :  bvt  w^o  heated  tkj 
k  £?XT  ?<i«!iir.  wUdi  k  soluble  in  baiGBf 
; »  oBu  ^mua  «f  sa]pbai«  of  nlrer.  Fran  Ae 
-«'  BfiEnm.  aw  ccymii »  iiwyuuLd  of 
I  JOBK  ij  yaiaigfcme  and  9 

I  i^B  4SMe  «t  shvr  14-75 

lauBswaac  a-^S 


26t 
^  V£-«K  ^  nfmr.  Nhiie  add  attacks  silrer  with  considff- 
J0W  -riiieiiw.  asi  MMJn  I  aboat  half  us  weight  (^  it  The 
cftrnntwoot  »  tmariwwd  by  the  disei^agemeDt  of  nitna 
£ak  T^  MX  mpuoTcd  hhk  be  pore ;  if  it  conlaini  MKf 
•mar^uif  aoL.  V  H  uwaTS  tW  case  adth  the  nitric  Kid  if 
iiiiBMii  II  a  niw  iosolnUe  chloride  of  ulrer  &lls  to  the  bal- 
»B  M  3ie  ivwvi.  if  the  silver  coataio  gold,  that  metil  ii 
Mw  pew^vaml  in  the  fima  of  a  blaci  w  reiy  de«p  pnple 


Tie  WatiM  e  liiB{Md  and  (xdoarless,  exceedingly  besTy, 
^MTT-  It  eires  the  sfcin,  hair,  and  almost  all  aniail 
jsiwaaws.  SB  indelible  black  colour.  Hence  it  is  often  laed 
(0  dw  ^ir.  ix.  When  eTapwated  till  a  pellicle  b^in  t» 
K>na  Ml  its  for&ce,  it  deposites,  on  cooling,  transparent  crp 
aj$  of  nilraie  of  sili'er.  These  crystals  are  brilliant  and  roj 
brecobr :  sometimes  assuming  the  form  of  six-sided,  sometime! 

•  BcncWI.  ESa.  PliiL  Jour.  L  26.     f  PoggcDdorf 'a  ADnalen,  ra.  1)1. 
f  Dad. 
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of  fuur-itidrcl,  unci  sonietiines  of  tliree-sided,  tliin  plates.     But  **^  xxxiu 

by  slow  CTystunizBliou  the  salt  may  be  obtained  in  riglit  rlioni- 

bic  prisms,  very  short,  aiul  two  of  tlie  lateral  faces  are  tisuatly 

broadt^r  than  tbe  otluT  two,  so  as  to  msko  tlirbiuc  of  the  prism 

not  It  rhumb  but  u  rhomboid.     I'hp  iiicHimtion  of  tho  lutcnil 

&CCB  of  the  prism  la  129*  31',  according  to  the  measurements 

of  Mr.  Broc^e.*     Tlie  acute  teriniiial  angle!)  of  the  prisin  are 

▼ery  often  replaced  by  tv,n  planer,  which  !ioinetiaie<(  become 

BO  large,  as  to  obliterate  almost  the  lalcni]  fuccti  of  the  prism. 

Tic  Caste  of  this  salt  is  intensely  bitter  and  metallic,  and  it 

is  u&ually  employed  as  a  corrosive  substance,  under  the  name 

of  lunar  cuuHtic.     Il  w  solubli'  in  it"  own  weight  of  cold,  and 

in  half  itn  weight  of  hot  water.     From  th?  solutioit  the  silver 

is  tlirown  down  in  tlie  metallic  state  by  a  great  number  of 

bodies.     It  may  be  suiScient  to  name  hydrogen,  sul]>huroti.s 

acid,  siilpliate  of  iron,  prolochloride  of  tin,  carbon,  phwphorux, 

aiid  volatile  oils.    AU  die  metals  placed  before  it  in  thelamily 

of  easily  fusible  metals,  described  in  the  firet  volume  of  tliis 

work  (p.  34:)),  throw  it  down  in  the  metallic  state,  and  so  do 

^^ron  and  ar>enie,  and  probably  also  antimony. 

^H    Nitrate  of  silver  ts  soluble  iu  four  times  its  weight  of  boiling 

^■Wohol.     When  heali-il,  it  readily  melt«,  swells  up.  and  then 

^HnHuns  liiiuiiL     Whi-n  allowed   to   cool,  it   forms  a  gray- 

colourW  niii««,  crystallized  internally  in  needles.    In  that  state 

it  is  east  in  moulds  by  apothecurie!^  »n<t  formed  into  small 

cylinders,  often  employed  by  surgeons  under  the  names  of 

iapin  infrrnalia  and  lunar  caustic,  to  open  ulcers  and  destroy 

fiutgous  excrescences.     lu  specific  gravity  is  -I'^SI. 

When  ibis  salt  is  exposed  to  a  red  heat,  as  when  it  h  put 
upon  burning  cobIk,  it  detonates,  ai]d  tlie  silver  remains  pure, 
attached  to  the  surface  of  tlic  eonl.  The  same  reduction  takes 
place  when  the  salt  is  distilled  in  a  retort,  and  nitrous  gas, 
OXyj;en  gas,  and  uxotic  gnu  are  disengaged. 

This  salt,  Iwlh  in  ery^tiils  and  after  being  melted,  hat  the 
pfoperty  of  fulminating  violently  when  mixed  with  phosphorus, 
arul  struck  smartly  with  a  hammer.  Tliis  uiis  firat  observed 
by  Urngnatelli.  To  the  same  ingenious  ehcmist  we  are  in- 
debted fur  the  two  following  &cts.  When  three  grains  of 
■ulphur  and  nine  gnuns  of  nitrate  of  silver,  mixed  ti^vtber, 
are  struck  with  a  cold  hammer,  the  sulphur  inflames,  but  uo 
detoiHition  takes  place ;  whereas  if  the  hammer  be  hot,  the 

•  Aniinla  of  Philosophy  (VJ  ktic*),  ti'.  18«. 
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mixture  ilotoiKitp«,  iiikI  t)i«>  Kiiver  U  reduoecU  If  cluircnol  W 
mi1)stitut«(I  for  Hiilphur,  only  a  ftiint  tlctonsUon  »  heard  though 
tbc  btin)m«r  be  bot.* 

It  ii  unhyAmifri,  and  composed  of 

1  atom  iiilriu  acid        .         .         6*75 
I  utoiD  oxide  of  silver         .       14-75 

21-5 

6.  Ilyponitrite  ofiitrtr.  Tli!s  oill  may  be  obtntDcd  liy  tin 
foUowing  procem; — Put  a  quantity  uf  pure  pon'dcr  of  tilnr 
into  a  solution  of  nitric  ncid  alroaily  Miturated  with  silvor,  anJ  I 
boil  tb«  niixtiirt'  far  iiii  hour  iifi<-T  nitrous  gas  Ima  ce»wA  10  b ' 
cvoItchI  ;  th«ii  draw  olT  tlir  i-lt-ar  liquor  will*  n  liulbed  ajphon. 
TIk'  solution  is  of  a  palp  yellow  colour,  and  it  miiy  be  cmki-a- 
tinted  mucli  mora  than  Uic  solution  of  nitrate,  as  the  nitrifc 
uhicli  it  ailonln  ia  miidi  more  soluble.  When  it  Lt  in  llie  pro- 
portion of  240  to  loo  (if  wal'T,  it  is  still  £ir  etioiifrb  from  ctt*- 
tallizini;,  and  sometimes  it  remains  fluid  for  Mivfral  days;  W 
if  it  be  poured  into  a  phini,  it  conceals  so  suddenly,  that  ibt 
last  portions  from  the  mouth  of  the  retort  become  solid  lik* 
icieleN  from  the  eave«  of  a  lioa»«>  ancl  a  great  deal  of  hrat  is 
«rolved.  It  is  difficult  t»  bring  it  to  a  refriiltir  crj-wtallinlin 
because  it  has  a  murh  jrrt'at^'r  tt-iwloney  t>i  oonu;e«l  tbm  M 
separate  into  erystaU.  If  it  congeal,  it  cannot  b«  rediaMl<rf<l 
witliout  the  separation  of  a  yellow  powder,  uhicli  is  a  sobot- 
trite  of  silver.  Hence  it  appears,  that  the  portion  <Li«drfd 
takes  a  portion  of  uctd  fntni  thin  yellow  powder. 

When  the  KoUilion  of  hyponitrite  of  silver  is  kept  in  Iht 
open  air,  it  soon  absorbs  oxy^n.  loses  it<  colour,  and  depotiu* 
cr)'stiilfi  of  iiilnite,  'Ilie  same  change  U  produced  iinmedialel^ 
by  tlie  addition  of  nitric  acid.  Hence  a  few  drops  of  tlnttoJ 
«eCftsi4>n  tlte  immediate  deposition  of  large  sealer  of  nitnle. 

When  the  solution  of  hyponitrite  of  silver  itf  mixed  withtht 
infusion  of  litmus,  a  blue  lake  precipitate's.  Nitratu  praducr* 
no  effect  upon  iliis  infusion.  From  tlie  solution  of  ooohioial 
the  hyponitrite  llirows  down  a  deep  violet  hike;  tlie  nitittt 
pradnees  a  scarlet  powder.  When  the  niiritte  is  drnpjted  iM* 
sulphate  of  indigo,  no  change  is  produced;  the  hyponttnlr 
instantly  deprives  it  of  colour,  while  the  silver  is  rvdaci^ 
Ammonia  precipitates  a  black  powder  from  the  liypooitriM  rf 
silver.     This  black  powder  is  silver  reduced.     Whtttiadtf 


*  Ana.  dc  Cbin.  xxviL  72. 
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solvnl  by  the  nmmotiiii  is  in  the  »t«u>  of  tiitnite.     Pure  potash  *^-  Jtxmi. 
tbrowH  down  a  browii  preci])itatc,  h»  it  Aw%  from   nitrnte. 
Alcohol  acts  on  hyponitritr  of  silver  j>roci«cly  us  wnlor  docs. 
A  |>ortion  of  subnUrile  ])r4S7ipii»lcs,  mid  n  su|iprnitritc  is  dis-  J 

solvoil.  If  the  alcoholic  solution  hv  distilled,  it  li?av«s  behind  ^H 
•  portion  of  nilntc  uitd  of  silver  reduced  AVheii  »  little  ^H 
bj-ponilrite  of  silver  i^  dropped  into  boiling  water,  it  i*  deeoin-  ^H 
posed,  n  portion  of  Ibe  silver  is  reduced,  and  preci])! tilted  in  ^H 

tlie  stBte  of  a  black  powder,  and  the  rest  of  the  Halt  is  converted  ^H 
into  nitrate.  ^H 

When  the  hy|>oiulrite  of  silver  is  concentrated  in  a  retort,         ^H 
it  grows  thick,  gives  out  a  little  nilroiis  ^in,  eaters  into  fiiMon,  ^H 

and  affords  a  yellow  eublimate  which  lines  the  aides  of  tlie  re-  ^H 
tort.  If  the  nielie<l  mass  be  dissolved,  a  yellow  powder  mixed  ^H 
vitli  a  little  re<Iueed  silver  precipitates.*  ^H 

7.  Chiorale  of  nUvtr.     'llm  sail  waa  discovered  by  Mr. 
fClienevix.     It  niay  bo  f«rine<l  by  Iwiliiig  plioxphiitc  of  silver 
chlorate  of  idtimina,  or  by  dissolving  oxide  of  silver  in 
lloric  Mcid.      It  n  soluble  in  uboul  Iwo  parts  of  warm  water ; 
Jt  U  the  fwlution  cools,  it  crystallizes  in  small  rhomboids, 
I  opaque  and  dull,  like  nitrate  of  lead  or  barjtes.     It  is  soluble 
I  in  uleuliol.     Muriatic  acid  decomposes  it,  as  does  nitric,  and 
■  even  Kcelic  neid.     The  silver  is  thrown  down  from  its  solution 
l>y  the  addition  of  chlorine. 

•  When  tlita  salt  is  exposed  to  a  moderate  heat,  it  melts,  oxy- 
gen is  given  out,  and  chloride  of  silver  remains  behind.  When 
mixed  with  lialf  it^  weight  of  sulphur,  and  struck  slightly,  it 
detoiuileA  witli  prodigious  violence.  The  flash  is  white  and 
vivid,  and  aecompanie*!  by  ii  sharp  and  quick  noise,  and  thu 
silver  is  reduced  and  volatilixed.f 

»ti.  lodtite  of  filvtr.  When  iodic  acid  is  mixed  with  a  Milii- 
tioD  of  nitrate  of  Mlvcr,  a  white  precipitate  ^dls,  soluble  in 
ammoniiLj 

9.  CarlKiniUt  o/iiilivr.    Tins  wit  preeipiuitcs  when  an  alka- 
line curbonatt^  i«  niixiM  Willi  a  volution  of  nitrate  of  silver.     It 
is  •  whito  iuKolubte  jwwdvr,  gradually  conlractin)]^  a  Klighf 
•hade  of  blur.     It  div«4ilv<<«  in  nitric  acid  with  effervesce  nee, 
K  owing  to  the  encapc  of  carbonic  acid  goa.     It  is  anhydrvita, 
'  mtul  ootnposed  of 

I*  ProiHi.  Nichabon**  Jour.  xv.  370. 
f  OicscvU   on  ilic  Ox}'genli«fl  ■nJ  IIy|«foiVg«iiixc<l  Miiri»lic  ucuin, 
p.  30. 
t  flay  I.«i9Mi:. 
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(.-)*■  L  1  atom  carbonic  acid 

1  atom  oxide  of  silver 

17-6 

10.  SvbsesqidphotphtUe  of  silver.  When  phosphate  itf  •■- 
mania  is  poured  into  a  solution  of  nitrate  of  silver,  a  yellov 
powder  precipitates,  vhicb  after  edulcomtion  and  dryiii|f  it 
insoluble  in  water,  but  not  quite  destitute  of  taste.  Itaspedfie 
gravity  is  7-32 1.*  It  is  anhydrous.  It  may  be  exposed  to 
ignidon  without  fusing,  but  it  may  be  melted  before  thebkiv- 
pipe.  At  an  incipient  red  heat  it  becomes  reddish-brown,  bat 
recovers  its  yellow  colour  on  cooling.  If  kept  long  in  fonoo 
it  is  partially  converted  into  pyrophosphate,  whidi  resden  it 
more  fusible,  and  gives  it  a  paler  colour. 

The  mean  of  three  very  careful  analyses  of  this  ult  by 
Stromeyer,  give  its  constituents  as  follows ; 

Phosphoric  acid      .        .         16-545 
Oxide  of  silver        .        .         83*455 


lOO-OOftf 

This  is  equivalent  to 

1         atom  phosphoric  acid, 

1*538  atom  of  silver. 
Berzelius's  analysis  of  the  same  salt  gives  its  compoddon 

1         atom  phosphoric  acid, 

1'486  atom  oxide  of  silver. 
While  my  analysis  of  the  same  salt  gives 

1  atom  phosphoric  atnd, 

1-471  atom  oxide  of  silver. 
TTie  mean  of  the  three  gives  us 

1  atom  phosphoric  acid, 

l-4d83  atom  oxide  of  silver. 
This  diflers  by  little  more  than  ^^jjth  part  from 

1    atom  phosphoric  acid        .         4*5 
1^  atom  oxide  of  silver  .       22-135 


26-625 

which  is  undoubtedly  the  true  constitution  of  the  salt. 

II.  Pyrophogphate  <^  silver.  When  pyropho^hate  of  soda 
is  mixed  with  a  solution  of  nitrate  of  silver,  the  predpitete 
which  lalls  is  white,  as  was  first  observed  by  Ab.  Clarke. 

*  Stroniejer,  Ann.  Ac  Chim.  et  de  Phj*.  xliit.  367.         t  lUi  P>  STIw 
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This  precipitate  is  tntich  more  bulky  Uiaii  tiie  preceding.  At  *«*-  Jf""- 
first  it  coaiaiiu  water,  which  it  nbaiKlotis  on  dicing,  and  be- 
comes antiyclroits.  It*  specific  gravity  is  only  S-OOC.  When 
b«lted,  it  fusrs  without  alceration,  at  n  tv  in  peril  I  lire  bolow 
ignition,  into  a  dork  brown  liquidt  which  on  cooling  concrctva 
into  a  while  saline  mass,  crystallized  in  needles.  When  hrat 
is  first  applied,  it  aiisuines  a  yellowish -brown  eolonr,  and  when 
cold,  still  retains  a  slight  t(h»de  of  that  colour.  Like  tlie  pre- 
ceding salt,  it  is  insoluble  in  u'att^r,  and  la  not  altered  when 
boiled  nnth  water.  It  ditwolvcn  readily  in  nitric  acid,  und 
ammonia  throws  it  down  unaltered  from  its  solution.  Hut  if 
we  heat  the  nitrous  dilution,  uminonia  throw's  dawn  from  it 
the  yellow  pboftphat«  of  irilver. 

I'li(Kplitiric  acid  hnn  a  stronger  affinity  for  bases  tlian  pyn>- 
phoopliDric  acid.  Hence  if  we  boil  pyroplimphatu  of  jiilver 
with  pboMpltate  of  soda,  n  double  dccainpusitton  ladtm  place, 
pyrophoaphatc  of  soda  and  yellow  phosphate  of  silver  being 
forincd. 

The  mean  of  three  analyNes  of  this  mil  by  Stromeyer,  givea 
its  constituents  as  follows : 

PyTophoA|>horic  acid  .  24-61 

|b  Oxide  of  silver  75-38 


lOOOO' 
This  M  equivalent  to 

1-07  atom  pyroplio«phoric  acli), 
1       atom  oxide  of  Hilver. 
Hence  it  U  probable  tliat  ilie  salt  u  a  compound  of 
1  atom  pyrophosjihoric  aci<l         .         4-5 

Kl  atom  oxide  of  silver  .  .  14-75 
19-25 
llip  laU  11  neutral,  and,  of  course^  eoDt^ns  half  an  atom  more 
of  acid  than  the  pren-ding.  This  ezpUnR  iu  greater  fusibility. 
Though  no  sntixfaciory  explanation  of  the  cause  of  tbc  differ- 
ence beta-een  phn^phoric  acid  and  pyropbosphoiic  acid  can  h^i 
at  present  a-Migned. 

12.  Suihwai/iuitrsrHialr  qfsikvr.  MTien  sobilions  of  nitrate 
of  silver  and  nnienuilc  of  silver  are  mixml  together,  n  flejt- 
coloured  pn-cipitat«  fiilljt  in  large  flocks,  while  tlie  liquid  l>e- 
comef  acid.     Thitt  precipitate  is  nearly  tiutclevi,  and  insoluble 


Sironwyer,  Ann.  d«  Chini.  et  de  Phy».  xlili.  974. 
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c^  *-  m  Taier.  Wben  dried  it  ku  «  reddish-brown  oolonr.  Wbn 
hnted  to  rnhwn  it  beeomn  nearly  himiA,  and  M--4  gtmjirf 
it  wb«n  tfaos  treated  lose  0-5  gnin  of  moistnic  Henee^  it  b 
ol»n«Qs  tfcat  t^  ttlt  is  anhTdrous.  By  a  ayntlieticil  expoi- 
Mmt,  1  *  found  it  eonipased  of 

Arsenic  add  .         .  9-72 

Oxide  of  alra-        .  2»-5 

TUf  b  cqaiTaleDt  to 

1         atom  anenic  add, 
1-492  atom  oxide  of  nlrer. 
FroiB  this,  tkre  can  be  no  doabt  that  the  true  ooastitalwo  of 
the  alt  if 

1    atom  arsenic  acid  .  7*25 

IJ  atom  o3Dde  ofsUrer     .         .       22-125 

a»S75 

13.  Jntmile  t^ niter.  This  nit  has  been  examiaed  by  Dr. 
Marcet.  in  conseqnence  of  his  application  of  it  as  a  test  for  Ac 
diseanrefy  of  anenions  aod.f  It  may  l>e  obtained  by  drop[Hiig 
niaate  of  silrer  into  a  solution  containing  arsenious  arid.  -Vb 
cvpiment  yellow  precipitate  appean,  which  is  the  salt  in  qne^ 
don.  After  some  time  it  becomes  brown,  and  this  is  the  colour 
which  it  retains  when  dr\-.  It  is  insoluble  in  water,  bat  dis- 
solres  readily  in  diluted  nitric  acid.  If  an  excess  of  ammooU 
be  added  just  after  its  formation,  it  is  redisulved.  But  tk 
dry  «ali  is  insoluble  in  ammonia.  When  heated  in  a  glM 
tube  a  while  smoke  eTSporates,  whidi  condenses  on  de  si<la 
of  the  tube  in  mionte  octahedral  crystals  of  arsenioas  aod* 
while  a  dark-brown  mass  remabis,  which  is  an  arsenile.  Bc- 
fine  the  blow-pipe  upon  platinum,  and  still  better  upon  char- 
cvol.  the  silver  is  reduced,  and  the  arsenic  dissipitated4 

14.  Bondr  ofairtr.  Boiacic  acid  has  no  action  on  ahf 
vhanever,  bai  the  borate  may  be  formed  by  pouring'  a  sohitiM 
v(  borax  into  liquid  nitrate  (^  silver.  The  salt  foils  to  die  bot- 
itHn  in  the  form  of  an  insoluble  s^iite  powder,  which  Ims  aot 
been  examine<L 

13.  &kMitf  of  ritnr.  Tius  salt  is  precipitated  in  the  iW 
of  a  while  powder,  by  dropping  seleniooB  and  into  a  soluto 

•  FkM  Priadplefc  a.  4ia 

f  Mr.  Hume  first  pvpooeJ  tntnUe  of  nlrct  si  a  node  oT  <MiMii"t  Mil 
quantitin  of  anauout  arid.  But  ibe  nte  of  thu  test  was  matcriaillj  *■ 
promt  b;  Ae  H(«niBeutt  of  Dr.  Marcet  and  Or.  Pmnn, 

X  ABMb  «r  PhfliMcpkj,  HL  836. 


SAUTH  OF  OXIDK  OF  IILVKK. 


709 


H 


iof  iittrutv  uf  silver.  Uuiliii];  n-uU-r  iliwwlves  a  little  of  it.  It  sea-uutii. 
-illliMlvM)  I'oiDpleteiy  in  b»iliiiK  nitric  aviil)  but  is  ]>rmj>iuiled 
Bl^in  wtien  tlie  acid  !«  clilntt-d  wIUi  wutrr.  If  a  Imtlitifr  «ulu* 
lion  i>(  tliis  salt  in  nitric  ucid  Ix-  inixod  with  l>t>iliii|{  wuicr,  ihtf 
Hsvleniatc  fall»  down  in  luWli-x  im  tlir  itoliicjuii  cuol^.  This 
^Bftlt  18  not  blai^encd  by  oxijosuix-  t«  tlio  WgliU  Whon  livntvd 
it  roelto,  and  bi-cnincH  tran»)iiir«'nt  like  rliluride  of  Mlv<-r.  Oil 
cooliu|Ct  il  i*  conviTlcd  into  a  wbito,  opuqiie,  friabk-  iniLit,  die 

I  fracture  of  wLtcb  cxliibita  a  cryHtallizol  ii-xiure.  W'ben  strongly 
beatcd  and  exjtosed  to  a  current  of  air,  seleniuu^  acid  and 
DXy^n  gaa  arc  dittengajred,  )ui<l  it  becomes  covori-d  witli  a 
pellicle  of  roetullic  Hilter.  'i'bia  mIi,  accifrdiug  to  Gvneciiusi 
ia  composed  of 

NcleniouB  acid  .         .         .     100 

Oxide  «f  silver         .         .         .     20575* 
I^Tliis  approaclies  pretty  nearly  to 

1  atom  Mrleiiiotu  acid        .         .         7 
1  BtotQ  oxiile  of  Milver       .         ■       14*75 


I 


21-75 
16.  AntiiHOniate  of  silver.     A  wliite  powder,  insoluble  m 
irater.f 

!7,  TtUHmU  qfaUi-er.     Tellurate  of  potasb  precipitates  ni- 
Htrntv  of  silver  white. 

™  la.  Cfiromafe  of  silvtr.  Tliis  salt  is  easily  obtained  by 
mixing  tufrctlicr  solutions  of  nitrate  of  silver  and  chromutc  of 
potash.  It  fulls  in  the  ntiite  of  u  <brk*rcd  powder,  wlitch  is 
insoluble  in  water,  and  not  altered  by  exposure  tu  tlie  air.  It 
!■  anhydrous,  and  composed  of 

1  atom  ehrvriiic  acid  .         .         6'5 

1  atom  oxide  of  silver      .         .       14-76 


2 1 -251 

19.  Motifbdafr.  <^  silvtr.     When  molybdic  acid  in  added  to 
lulratc  uf  ftiivcr,  a  whit^"  Hiiky  precipitate  falls.§ 

20.  Tung*tatc  t^  »ihrr.     A  whim  powder,  not  soluktc  In 
water. 

21.  Coiwmiialf  i^fiilvrr,     \  white  insoluble  powder. 

22.  OraiuU-  vf  iHvrr.  This  «olt  is  easily  obtaine<l  by  mix- 
|{ng  together  solutions  of  nitnte  of  iiitrer  and  oxalate  of  ammo- 
fniii.     It  falls  down  in  tJie  stale  of  a  very  fine  and  white  pow- 

•  Aim.  dc  Cbim.  cl  tie  I'hj).  ix.  3U.  f  Bcncliu*. 

)  Fin«l*rioc)pl«^ii.41f.  5  iklxwlc,  L  IM. 


vateeLy  want:  31  waoec  ad  what  hftril  ■■  vvrr  cwBy 
"•■■■  ■■■■■»■»      Ee  X  Minbuc  m  nocie  acU.     TUc  ^H  kaski^ 

I  SBK  >ixauE  lai  4-9 

I  Ai^  dxaie  4C  «It«-  14-75 


wvvr.  mc  ic  ;wmT  .rawi.TV9  is  ttxife.  and  fonwa  viA  it  mb- 
V  «  sIt^:.  XTb!  4u:  SAT  b«  wttj  obsIt  br  panu^  mp- 
a^  •K  jtinwi  3UU  1  «mbcml  W  ahnte  «f  ahW,  fir  b¥  sitnat- 
bac  ^>K  aaXK  jcai  via.  a^  An^  of  strer.  On  cooUo;,  tht 
wiiinua  TTKiUBk  Knipcnc  u  )Ewen£  anil  necdle-fom  ery^ 
'aijF  ir  la  asai  :B!akJi:  asu-  vni  eadr  diaBolTn]  in  wiIm.* 
ViKL  "iiTinnf   X  «w?'Z:»  IE-  "*  »™i  »t  tJMBptMl^  ^n^  di^ffiyfa 

T^  irnais  ut«  »  slkr  Imset-  m  vUtr,  and  consst  tl 
JKBC  «anbar  imr-'n&Mi  prsawi.  TW  salt  is  reiy  l^fci,  and 
?»f|KD>»  I'M  ^HBM  ict  v^EU  «'  wawT  10  iHrwnh-c  it.  It  k 
■ii'ijiinwii   mi  JwnpiiBiPt  rf 

I  JDIOt  JIXQE  »£  6-S5 

!  Jans  dxiu  0c  ai^'K  14-73 
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1         auak  anocaciiL 
l-4*W  Mm  ttsi^  <tf  nhr«r.t 
IVomv  Jw  jotkywic  ait  ait  snce.  and  bas  come  nearer  At 

i  aeuw  aevac  aad, 
I'M^  us  «xkk  of  silT«T4 
£-k  IjL-aat  tfti^jrr.  TU>  tail  ii  obtuned  by  diBBohiog 
ianvtsiOi  ic  ^'*vr  zi  jkcc  aal  TW  soIudoB  baa  ■  gneniab- 
••fltfrn  .-vtwar.  uc  u:  xxfiMsaai  asK  of  rerdigris.  Wfaa 
fncvm»i  Ea  a  T«y  £k  ^A~  ts  dries  into  a  gremisb-yeilov 
■liTusi.  V311  sizsaae  ^cC^oiwat  like  tbat  of  a  mimv.  Wbcn 
if'^tonrK^  ^  A  iBNC  os^  it  becjMw  bron  &am  tbe  redse- 


•  iVbn.  -.  »Ki^     Tsm  tat  iami  K  M^n,  b«t  faond  accnnte  tif 
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of  llie  Biker.  Even  in  lh«  yellow  (wU^ietl  mat-  •"•■  ""itn.^ 
ter  a  ))c>riiuii  of  tii«  itilvcr  ifi  reduced,  ai  beeonies  evideiu  by  ~ 
dlBSolviii^  the  Hidt  ill  water.'  Accimlitig  to  linii.-(iiin»t,  lactic 
■cid,  from  vvgebibl««i,  readily  diu<>lve.H  uxide  of  !«ilver  wli«n 
■lifttrrl  by  tlie  application  of  lieiiu  By  evaporation,  tulky 
needle-form  cry»t«U  are  formed,  collected  together  in  splierea, 
so  tliat  the  H-li»k-  liquid  appeurn  euii(;uiHU-d.  When  dried,  it 
has  a  fine  n-hite  eoloiir,  but  becomes  red  by  exposure  (o  Uie 
ligliL  It  is  soluble  at  llir  temperature  of  lH"  in  30  cinics  its 
weight  of  water.  When  heuted  it  melts,  swells,  becomes  brown, 
catches  lire,  and  loaves  metallie  silver. -f- 

25,  h'urmale  of  sUccr.  Translucent  rhomboidal  crystals, 
ciiflly  soluble  in  water,  but  insoluble  in  alcohol.  \Vkea 
livatetl  they  blacken,  and  are  decompo«ed.{ 

*2t>.  MMi/e  o/*  silver.  Mellale  of  ammonia  when  dropped 
into  nitrate  of  silver  tlirowH  down  loellaie  offiilver.  It  is  a 
white  powder,  ahrays  cohering  logetlior,  luid  uiibydrouM. 
W'beii  heated,  it  i:*  decomiwsed  witli  it  hiniit|{  noise,  and  the 
dilver  i«  M-dwced.} 

37.  Tartrntt  ^Mili-er.  Tartaric  acid  does  not  attack  silver, 
but  tartar  dissolves  its  oxide,  and  forms  wilb  it  a  snline  masN, 
wliicli  becomes  black  by  exposure  to  the  uir. [|  'tartaric  acid 
does  not  occasion  a  precipitute  in  liijuid  nitrate  of  stiver.  When 
Bolulioos  of  nitrate  of  silver  and  tartrate  of  potash  arc  mixed 
tfli^lber,  a  fine  white  powder  falls.  If  we  raise  the  tempera- 
ture of  tbf  li<|ui<l  a  very  linle,  the  cdoiir  of  the  j)reci]>itate  be» 
comes  ilurk-lmiwn.  Indeed  tliix  change  of  c<Joiir  takeit  place 
gpontanrotiftly  if  tlie  puwder  be  alloweil  torenuiin  for  24  hours 
in  contact  with  the  liquiti  from  wliich  it  van  thrown  down.  'Hii* 
imU  is  anhydrous,  and  coinjuwed  of 

I  atom  tartaric  iicid  .         .         8"i5 

I  atom  oxide  of  silver       .         .       14*76 

23 

28.  Pt/rotartrate  of  silver.  Pyrotarlrate  of  )>otash  occasions 
a  precipitate  when  initedwith  nitrate  of  silver.  'Hiis  precipi- 
tate i«  white,  but  ae^juires  u  bluisli  tinge  when  exposed  to  the 
liphul 

'i9.  Citrate  of  sHver.     ^vor  »  lM)l  attacked  by  the  citric 

•  Ber^cliu),  Djurkvixien,  11.  MA. 

■f  Brsixinriol,  Ann,  Jo  (.'liiiii.  UxxvL  Dt. 

I   Arr<rei]»on.  5  WShkr. 

t  Wcnwl't  VcrwanJ,  |>.  Vie.  1  (Ulwl. 
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*-  -Xmb  ^«Ae-.  Mur  «aa  fissolres  oxide  rf  Bilrtr, 
asc  3iEaK  E  rim  uf  su:  imc  o^aout  at  cn^allizh^.  Bit 
■at  »imnam  yemm:}  vit^w  erxiA  vkok  s  bot  solnDoii  is  on- 

i-«  J^aaprui  »/  mmt.  Fsaieic  acid  does  not  decompMt 
1U.JUI!  IE  sL^fc ^  idj:  &  j'-^^'--  B  dmnro  down  by  fuiuiU 

f£L  ^«L-viK  a^'  iu:r<ir.  Macac  aod  acca^<His  a  wluie  pR. 
."pimnp  Tiiia  htw^ipc  a.»  nimu  of  slrer.  j 

^'  P^immrxoi  if  Aovr.  lMk«i  die  solution  of  oxide  itf 
A-^<i!r  iL  j^-TAiuizaf  wi  »  «at#ntnied,  it  beoomes  bnnn^ 
jmi.  wsaasscs  -oit  su  ia  — "  wUte  scaks.  | 

?i  >K-r^tMiif  ./"  fifrirr.  Tie  soocinic  srid  does  not  Kt  oa 
sl'^r.  ~:a:  i:  ^!t!*:c^««  ;b  oxide,  and  fionns  vith  it  a  alt  whici 
.-^■j^"-  rjt  ^  ;>--  «evoa^  ndiued  prisins.^ 

&A.  Sexzutot  </ tiinr.  Bmuoic  acid  does  not  attack  silnrt 
~T>i.~  h  ia!»«civ»  U»  Axide,  aod  tanas  with  it  a  salt  easily  soluble 
ji.  vuMc.  ^«:  bi  a  Tery  anall  pn^Nwtion  in  alcofaoL  It  doa 
Z'Hi  ■U'.xipiesK  in  the  air;  but  when  exposed  to  tbe rays <tf  the 
K.:-  ::  heoMBes  brown.     Heat  volatilizes  the  acid  and  remn 

Si?.  JUiflnoMft  </  tiltrtr.  Meconic  acid  throws  down  oitnte 
Of  a^Tvr  in  the  state  of  a  white  powder.-f-f 

•  Fc«cn>T.<i.Mft.       fBracoDDOt.       f  Ibid.       S  Schcek,  n.  WL 
I  L^iibuBae.  1  Woud's  Vsmnd.  p.  845, 

•■  rnwHdot^  Aaa.  dc  Lbim.  xi.  313.  -ft  Joho- 
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37.  Borate  <^  ailrtr.     Wlien  boleiic  aeid  is  <Iropi>ed  into  *«^'"""'', 
iiitnite  ofhilvcr,  ii  prrci|>itatc  f»lls  ra&ily  soluble  in  nitric  acid.* 

•^&  CamfiAorate  <>f  tilver.  \\'lion  cam|iliorat«  of  potasli  is 
■uixcd  Willi  nitnitc  of  silver,  a  wliit*  prid|>iuiie  Tallit,  wliieli 
liooomps  blue  when  cxpoecd  to  llie  ligbt.  When  Iivated  it 
nirlu  aiid  is  decomposed,  Ic-aviii^  melnllic  itilver.  Its  coiuti- 
tiiciits,  according  to  tlie  luiiilysit  ul'  Brandt.'s,  nrc 

Cuniplioric  acid         .         .  45-845 

Oxidt' of  iiilver  .         ,  54*155 


m 


loot 

89.  Subfralc  'if  tilver.  When  nitrate  of  silver  aiidgiibcntle 
iif  uitimimiu  nrc  mixed,  u  wliite  powder  fallo,  compm^d,  tivcnrd- 
iiij^  to  lirandi-N,  of 

tSuberic  acid  .         ,  43-45A 

Uxide  of  silver         .         .  54*545 


^L  100 

^■n  th«  lifcbt  it  ))«coine«  violet,  especially  if  moist.  Wben 
^Keated  it  mclla,  I>ccoidch  first  yelloM-,  llieii  black,  is  decomposed, 
^Bod  loved  lulver.  it  is  but  tittle  soliibU'  in  wuter.} 
^F  40.  PinaboJ'fUrrr.  (>bliiine<)by  mixing  tugctlier  sohilions 
^Bif  |)inatu  of  poltuth  uiid  niiratc  of  silver.  A  yellow  powder, 
^wliicb  ttiells  wlien  ratlier  stroit|];ly  Iic;ited.  It  blackens  wbcn 
rxpused  to  tbe  sun.  It  is  iii^oliiblv  in  walcr,  aiid  verj*  little 
Bolulile  ill  absolute  alcoboL  It  dissolves  readily  in  ether  and 
^^pi  oil  of  turpentine.^ 

W^  41.  Sihvilr  of  nUrer.  It  may  be  prepared  by  a  pruccM  simi* 
hir  to  t!ie  jirepuniliiin  of  ibe  preccdutg  salt.  It  is  M)luble  tn 
15  times  its  weiglit  of  cold  al>solute  ulcoliol,  and  in  a  still  suiidler 
quantity  of  ibc  ^nme  ukoliol  wben  hot  lias  ho  f^eat  an  aili- 
nily  for  ellier  tliiit  it  will  he)>aTute  it  from  water.  When  the 
nlciditilic  soltiliun  is  left  to  ^kuntuneous  evaporation,  the  sidt 
erysuUiiies  in  otnall  gnLii».|| 

4'J.  Ciirtifizotittr  1^ itilrer.  Carbaiotie  acid  dissolves  oxide  of 
bilvvr  witli  fiicility,  wben  heated  witb  it  in  waiter.  Jty  ^ntlc 
«vaponition  liie  solution  yields  cryUals  in  very  fine  needles, 
ving  llie  lustre  of  gold,  luid  grouped  in  stars.     'I'tiv  eiilt  ia 

*  BrsMiMM.  f  Schwcigger'*  Jour,  xxsviil.  SW. 

I  BranalM,  Jbtd.  xxxia.  94. 
f  Uiittdlorlieii,  Pofgcmdorrs  Annslni,  x\.  VW. 

II  rtfUI.  p.  tOI. 
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ciui  t     TeBson.     Almost  the  only  eolution  of  platinum  wUidi  ve  aa 
procure  is  the  chloride.     The  characters  by  which  a  aolutitni 
of  plallnum  may  be  distinguished  are  the  foilowiog^: 
cbindRi.        1.  The  chloride  Las  a  fine  reddish-browo  colour,  and  is  truu- 
pareot. 

2.  Potash  occasions  a  yellow  precipitate,  which  is  not  aeni^ 
biy  soluble  in  acids;  but  it  disBolves  when  heated  in  aneices 
of  potash,  and  does  not  again  precipitate  when  the  liquid  cooUi 

3.  With  ammonia  the  phenomena  are  exactly  the  same  u 
with  potash. 

4.  Carbonates  of  potash  and  of  ammonia  produce  similjr 
effects.  But  the  precipitates  are  not  re-diwolved  when  heated 
in  an  excess  of  the  alkaline  carbonates. 

5.  Neither  soda  nor  its  carbonates  throw  down  any  preci- 
pitate. 

6.  Nitrated  suboxide  of  mercury  throws  down  a  yellowish 
red  precipitate. 

7.  Neither  oxalic  acid  nor  phosphate  of  soda  occa^n  anj 
precipitate. 

8.  Sulphuretted  hydrogen  changes  the  colour  to  brown,  uxl 
by  degrees  a  brown  precipitate  falls,  which  becomes  graduallf 
black.  Hydrosulphuret  of  ammonia  produces  the  same  effect; 
but  the  precipitate  is  re-dissolved  when  an  excess  of  the 
hydrosulphuret  is  added. 

9.  A  plate  of  leinc  precipitates  platinum  from  its  solutionaia 
the  state  of  a  black  metallic  powder. 

1.  Sidphated  peroxide  (^platinum.  This  salt  is  formed  when 
moist  Bulpliuret  of  platinum  is  exposed  to  the  air,  or  still  better 
when  it  is  heated  with  nitric  acid. 

Sulphated  peroxide  of  platinum,  thus  formed,  has  a  very  dul' 
brown  colour,  approaching  black.  It  is  obtained  in  the  finmof 
a  porous  crust,  similar  to  the  carbonaceous  matter  left  when 
sugar  is  decomposed  by  heat.  It  is  very  brittle  and  evilj 
reduced  to  powder.  Its  lustre  is  somewhat  similar  to  Uiatirf 
crystallized  blende.  Its  taste  is  acid  and  metailicj  with  book 
degree  of  causticity.  It  slightly  reddens  litmus  paper.  It  ii 
very  deliquescent,  and  of  course  very  soluble  in  water.  It  ii 
soluble  in  alcohol,  ether,  muriatic  acid,  nitric  acid,  and  phos- 
phoric acid.  The  alkalies  form  triple  compounds  with  it.  id 
solution  in  water  has  a  dark-brown  colour  of  great  inteositf. 
Sal  ammoniac  does  not  occasion  a  precipitate  when  dropped 
into  it;  but,  if  the  solution  be  boiled  lu dryness,  the  ammooiv' 
muriate  is  formed.     The  sulphuric  acid  cannot  be  Bepaitte<( 


SALTS  OF  PEROXIDE  OF  I'LAI'INUM. 
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tilts  n\k  by  nny  of  the  uAiial  ni«lhocla.  in  conaeqoence  f)f»*^xxxiv.^ 
the  (litpasiltoti  which  tlic  twit  )im  of  pnterint;  into  triple  eam- 
pouiulA,  W'lien  licafi-if  to  rc<lne§s,  it  li  pntlr*ly  ilecompoM^l, 
and  metallic  [ibliniini  obtnined.  Oxygen  ^k,  and  tumw  snl- 
phurtxts  acid  fpis  is  olxained,  iind  a  liqiiul  •limiUr  to  the  stnok- 
ioK  "ulpluiric  acid  of  the  (Jcnniins.  I'rom  the  nnalysjs  of  Mp. 
E.  Bury,  it  appean  that  Itiis  sulphate  U  composed  of 

Sulphuric  Mid  ,         .         26-3 

Pproxidc  of  platinttm  .        1&-7 


lus  is  obriously  c<]iiiv-iilcnt  to 

1  atom  sulphuric  acid 

I  atom  peroxide  of  ]>lHtJimm 
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KUrated  peroxide  offibtfittum.  Tiiis  wdt  may  l»  ohtiuncd 
!>y  mixing  sulpluiledperoxidif  of  phiiinumaiul  nitmtvnf  liuryli-s 
^to  the  atomic  proportions,  and  lil(crii)f^.  If  tuiltpotre  he  «(lcU.>(l 
to  chloride  of  plaliiiuni.  aa  luii^  lu)  potn^h-c  hi  oriole  of  platinum 
precipitates,  a  dark-hrovvn  licpiiil  will  reTnutn,  which  aRer  evu- 
puration  leavoH  a  tna»i  whicli  is  [tartiully  ooluhle  in  water. 
Iravijt|(  a  iiubiuilL*  The  properties  of  these  uilta  are  still  ud- 
knowD. 

3.  /o(/n/«/  ptroxidt-  uf  /tlfilinum.  lotlii^  acid  Kives  with 
chloride  of  platinum  a  yellow  precipitate,  somewhat  soluble  in 
water. 

4.  Arttnialal  /u-nixitif  rif  platinum.  Arseiitate  of  soda,  when 
adilcd  to  iiitmted  |H'roxide  of  platinum,  llirows  down  a  light- 
brown  pr^'ctpilaii',  solubli!  in  nitric  acid. 

ft.  ChromtiUH  pcroride  iif  plaUnum.  ('hroinate  of  potash, 
when  dnipt  into  chloriiti?  of  pliitinuni,  ilirowM  down  a  dark-red 
jrecipitutc,  which  becomes  tilc-rctl  wh^-n  drit.'d. 

6,  OxakUai  fteroxide  <y  ptalinum.  \S'lien  tlie  precipitate 
thrown  down  from  chloride  of  platinum  hy  nutu  t*  di<^Hted  in 
oxalic  *cid,  a  yellow-coloure<l  solucioii  k  obtained,  whidi  yicUU 
y«Uaw  cry»liilA.t 

7.  JJfnzoated  peroxide  o/plalmum.  Obtained  by  dimolviiig 
jxide  of  platinum  in  the  acicL  Yellow  stelliform  crystals  arc 
obluined,  which  are  not  altered  by  exjiosure  to  the  air,  difR- 


Oeneliiis. 


t  PlciMltl. 


\  TlergiRan. 


-^^  OXYGES  ACID  SALTS. 

:ttm  •     tairziy  mmuU«  in  water,  and  not  at  all  in  alcohol.*     BeiiZMle 
«c  ammtmai  Aon  not  precipitate  solutionB  of  ptatiDiiin.f 

s>.  Cmmjtiknatffi  peroxide  t^platitatm.  Camphorale  of  soiia, 
-viicx.  auxed  «-iUi  chloride  of  platinum,  throws  down  a  wlule 
jctofixuit,  somewhat  soloble  in  water4 

»crnoN  xzxT. — salts  of  protoxide  of  platinum. 
TUs  genus  of  salts  is  almost  quite  unknown,  owing  cbi^ 
w  1^  difficulty  of  procuring  protoxide  of  platinum  in  a  sepa- 
rate-   It  is  probable  that  their  saline  characters  would  be 
decided  than  those  of  the  salts  described  in  the  last  sec- 
Tlie  te«ts  of  platinum  described  at  the  beginning  of  tbe 
OR  tttatmu  voold  probably  apply  also  to  the  salts  of  the  pn)t> 
txAt,     Bar  I  hire  not  myself  made  any  experiments  on  tbe 

1.  .NM^iiafr  ^platimttm.  When  a  mixture  of  subchlmde 
K  TOaticaBi  and  sulphuric  acid  is  exposed  to  the  continiwd 
MOMi  flf  heu  till  it  no  longer  precipitates  nitrate  of  nlfai 
K»d  tWn  erapofaied  to  drj'ness,  we  obtain  a  matter  vbic^ 
^laepeMti  in  the  air,  and  which  dissolved  in  a  little  water  ii 
Wack^  Sot  in  a  creat  deal  of  water  it  forms  a  yellowish-greea 
Hqud.  When  potash  or  soda  is  added  to  this  liquid,  it  be- 
M^M¥  at  arsi  darker,  bnl  in  a  few  days  it  loses  its  colour,  tbe 
pottinaan  prKipiiaiing  in  the  slate  of  a  hydiated  protoxide,} 

:^  Sitrttb  of  piatimmm.  Hydrated  protoxide  of  plattnna 
Asolws  in  dilute  nitric  acid  with  a  greenish-brown  colour. 
When  the  solution  is  er^torated  nearly  to  dryness,  it  is  alsKHt 
Vlack.  Boi  this  salt  is  mixed  with  a  good  deid  of  nilntc^ 
peroxide  of  platinum.  || 

&.  Antate  <^ platitnim.  This  salt  may  be  obtained  by  dii- 
«uivinfr  moki  hydrated  protoxide  of  platinum  in  acetic  acid. 
TW  solimoii  has  a  greenish  colour.  It  may  be  dried  into  ■ 
Axit:  CWNiisli  brown  mass,  which  may  be  again  disaolred  in 
wter.  except  a  little  protoxide  whidi  is  left  behind  undii- 

t,XCnOS  XXXVT. — SALTS  OF  OXIOE  OF  PALLADIUV. 

TW  ^Tvai  difficult}-  of  procuring  palladium,  has  hiAnto 
jmnniMvi  dienusts  from  inresdgating  its  salts.     Hence  thii 

■  TtawwtteC  i  Htrii«er. 

:  IkiMiM,  ^-hac^gcr's  Jour,  ExznS.  t99.  §  Vmaqudia. 

I  BmriMOL  f  Beneliui. 


SALTH  or  oxinc  or  i>.ti.i,ADtru. 
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s  of  salts  U  at  prtwnt  very  impprfectly  known.     TIic*«*-'""'H 

IcluktncteTB  of  llieiw  »ilH  arc  as  follon-s : 
I,  Tlipy  are  almnitt  all  soluble  in  water,  and  tlie  colour  of 
the  solution  U  a  fine  ritl. 
2,   I'miHiato  of  poUwh  occasions  an  olivet  or  rather  a  dirty 
yellow  isli-brow'nprirL'ipilatc. 
ii.    Myilr<)!tiil{>liuri-t   of  {>oUksIi  occasions  a  blackish-brown 
,       preciptUitc. 

^_      4.  'I'he  alkalies  occimud  nil  Knuigc-coloiircd  precipitate. 
^B     5.  Mercury  niid  tttilphatc  of  iron  throw  down  the  palladium 
^^!n  the  meliillic  Btate. 

6.    Protocbloride  of  tin  renders  the  solution  opaque  by 
throwing  duwu  a  broivn  precipitate;  but  if  the  solulioD  be 
Biifliricntly  diluted,  it  a&^umea  a  fine  cmcrald-jj^-cn  colour. 
Ji  NVillicr  nitrate  of  potash  nor  sal  oinnwniuc  occasion  any 

^■precipitate. 

^■^  I.  Sulphate  t^ palladium.  Sulphuric  acid  boiled  upon  pal- 
Ladium  sc({uires  a  benuliful  red  colour,  and  dissolves  a  portion 
of  the  substance;  but  the  action  of  tliis  acid  \s  not  very 
powerful.*     It  iM  a  red  in  crystal  lizablc  matter  wliicli  dissolves 

iin  water. 
2.  DUuiphale  of  pailndinm.  When  sulpliurt't  ofiialliuliuin 
Ib  exposed  to  a  low  red  beat  in  the  air,  it  Ih  cnnverti'<l  into 
this  sail.  It  is  a  brownuili  red  matter,  easily  soluble  in  muria- 
tic ocid,  and  by  a  stronger  heat  reduced  to  metallic  palludium.f 
9,  Sitrate  fif  palladium.  When  palladium  is  put  into  a 
Hrong  colourless  nitric  acid,  the  liquid  gradually  acquires  a 
re«l  colour ;  but  the  action  of  the  acid  is  extremely  slow,  no 
nitrous  gas  whatever  being  extricated.  This  fact  hitherto 
unique  in  the  history  of  the  action  of  metats  on  nitric  acid, 
explains  in  some  measure  the  slowne-t^  of  Uie  action  of  the 
■citi ;  as  that  inrculation  of  tlie  fluid  which  takes  place  during 
ihi'  solution  of  other  melaU  Lt  wanting.  When  the  acid  con- 
lain*t  niirou-s  ga»  the  action  is  more  rapid.|  The  nitrate  of 
pnlladiuni,  thus  formcil,  Is  of  a  dark-red  colour;  by  erajiora- 
tiim  it  yivltk  a  red  matter,  which  is  probably  in  ihe  state  of 

IBubnitrate. 
.     4.  lodate  tif  palladium.     lodate  of  potosli  when  mixed  with 
utlorHl«T  of  pidludiuni,  throws  down  «  yellowbli  predpitjile.§ 
'i 


•  diMSvIx  on  PallaiKum,  Phil  Tnuu.  1803. 

I  Wollsrtaoon  ilic  Diicov«ry  of  PillMiliuni. 
^PleiKbl. 


Phil.  TMs.  tM». 


?»  OXYGEN  ACID  SALTS. 

•a»  ^         J.  Jrtemialf  i^ palladiuin.     A  light  yellow  mattei.* 

6.  Ox>Uatt  t^palladittm.  Oxalate  of  ammonia  throws  dwrn 
sizwe  ol' palladiuin  light  yellow.f 

7.  CitrrJt  nf  palladium.  Citrate  of  potash  givea.villi 
:waie  oi  palladium  a  light  yellow  precipitate.^ 

».  BtM^oah-  of  paliadium.  Benzoate  of  ammonia  tliint 
ooT^  fn>iB  chloride  of  palkdlum  a  white  precipitate,  vhid  it 
«t.\uJie  in  a  great  quantity  of  n-ater.$ 

SECnOS  XXXVII. — SALTS  OF  TESOXIDE  OF  BtlODti;!!. 

Tie  pro^vrties  of  the  salts  belonging  to  this  genus  aie  toe 
i»pifr:VrtIy  known  to  admit  of  a  detailed  descriptim.  fit. 
\V^<:'ife!io«  ox3mtne«l  them,  only  so  &r  as  to  show  that  their 
'MAf  »  ihe  t^\U\e  of  a  peculiar  metal.  A  few  additional  &fls 
L'lv  >v*n  sr-itrti  hy  Berzelius.  Only  the  salts  of  peroiidf 
;.. . ;  Si:  -  lii'iii-^i,  rhosc  of  the  protoxide  are  quite  Qnkntn. 

TVx-  salts.  »i)  for  as  examined,  have  the  following  pnma- 

.•>^-^"—        \.  "n.t  s^'iution  of  them  in  water  is  red. 

i  PriSjMie  of  potash  occasions  no  precipitate. 
S,  Nf  ::>.e:  U  aiiy  precipitate  produced  by  hydrosu^nrrt 
,■.■'  rs-^iA. 

4.  Vivi.-r  sal  ammoniac  nor  the  alkaline  carbonatet  ont- 
*.i,i- iT.v  :?A.-;piiaie:  but  the  pure  alkalies  throw  down  a  f(l- 
i, »  ;v»v!:7  s.iluble  in  an  e.fcrss  of  alkali. 

I,  S«.i;>i.-(  •^' rioifivut.    When  hydros ulpliu ret  of  amQuaii 

i<  Tr.'.\i\i  y*':A  siyivniHriutc  of  rhodium  and  heat  auulkd' 

s;;'.:.-:^-:  .■^  rhrt;i::m  [Wi-ipitate*.     When   this  sulphnret  it 

rviTivI  »::h  tuzyji'j;  nitric  add,  it  b  converted  into  sulpUtc 

.■^'r^.>^:ar.'_  rvir^  of  which  dissolves  in  the  acid,  and  anotber 

Tw^ix:  n:i;v.:-.j :::  iho  stale  of  a  black  powder.     Wha  it 

visvf   ri:rv   .wKi   is  driven   off,  the   sulphate   of  rhodiiUB 

■r£TJ.-r^  Sfl::-.>i.      It  deliquesces  in  the  air  and  assumes  liwl 

iv'.'-iT.     WS:.  iU*s.>lvi.Hl  in  water  and  evaporated  to  dryncMi 

■;  .i-vs  r.s  Swine  Mjck  as  at  first,  but  a  syrupy  matter  of  in 

.■ir-,("ix'^>'v.:r  »  hich  swells  up  hi  a  greater  heat  and  becoon 

-..vii  '.■^o  >.-.iIv-ir.airtl  alum.     In  that  state  it  dissolves  slowly 

-  -  wur^r.  at:ti  Xkt  two  or  three  days  is  entirely  dissohnl  in 

:  ji  'xjukl  if  li'tt  in  contact  with  it.     Caustic  potash  pieeipi- 

rj:,-s  ~\':i:  ::  .->  jwlf  yellow  substance,  which  appears  to  be  a 

:r:v!c  ?i;Ssi:!['i:ato, 

•  IVrtw;-t:t.  *  ri'iJ.  I  IImJ,  j  liiiii^rt. 
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SALTS  or  OSMIUM. 

When  cxpiwwl  to  a  dnMT)--rwl  beat  Bulphurio  nciil  mid  oay-  *^'""' 
g<a  pa  nro  dupnga^d,  leaving  beliiiid  a  black  utKoluble  pow- 
der.    ThU  powder,  according  to  Rcraclni*,  is  a  sulpbutod  pro- 
fauide  of  r)io<iium.* 

S.  Nin-ale  of  rhodium.    Tlieperoxideof  rIio<iiumdi8»olred  in 
fattric  acid  form.'*  »  red  suilutioii  wliicJ)  does  not  cryKtallixe. 
Tlio  tjwl«  of  tliis  salt  is  vxc^-cdingty  »«trin|;c»t. 

8.  Arneniate  <{f  rhodium.     Arsviiiulu  of  soda  tlirows  down  a 
yolton-isfa  wliite  precipitate  from  tlic  solution  <rf  aimmxiio- 

IfJiloride  of  rlioditiin. 
4.  Acftati-  iif  rAodimn.     Acetic  acid  dissolves  peroxide  of 
rbodium.     Tlic  solution  i»  red  and  nstriii^iit. 
Tliv  rest  of  the  salts  of  rlioditim  arc  Mill  iiiiexaminnl. 


DECTION  XXXVIII. — 8ALT«  OF  PROTOXIDE  OP  IRIDIUM. 

Iridium  forms  no  fvwer  than  four  oxides,  but  tbe  onljr  salts  ctMractm 
npon  wliicl)  ail)-  experiments  have  Iiitlicrto  b^n  made,  are 

^^tbosc  of  tin-  protoxide. 

^b     This  fpenius  of  salts  is  still  less  knovn  tliaii  tli<>  formor.    We 

^■an  indebted  to  Uie  Fn'ncli  clieiniiitK,  qihI  ti>  Mr.  Tcnnent  and 

^to  Berzeliiw  for  nil  llio  (twU  liitlierto  dcUiiled. 

^P  1.  The  mlts  of  iridium  nppetr  to  be  soluble  in  water,  atwl 
to  have  n  colour  at  first  n^ven,  but  which  changes  to  red  by 
ooncentrstiDg  the  solution  i»  an  open  vnsel. 

^m      2.   Neither  prutMLiti^  of  potash  nor  the  infusion  of  nut-galls 

'  oecasiotM  any  precipitate ;  but  botlt  remlcr  the  solution  col- 
ourless. 

3.  They  appear  to  be  partially  precipitated  by  sal  ammo- 
niac; since  Dcscotils  has  shown  tliat  the  red  colour  which  the 
nnriato  of  platinum  and  amroonta  sometimes  assumes,  is  to  be 
aacrihed  to  the  presenee  of  iridium. 

The  »(>lutions  of  the  protnxi<le  of  iri<lium  in  aci<ls  liave  a 
dirty  green  colour.  Tbe  8<dution  In  nitric  acid  whvn  left  to 
teelf  assumes  a  purple  colour,  but  tf  it  be  c\'aporated  to  dry- 
neia  by  a  gentle  liral,  and  then  dissolved,  it  assumes  its  ori- 
ginal green  colour.f 


si 
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SBCTIOK  XXXIX. — SALTS  OF  OXIDES  OP  OSUIUM. 

T^ese  salts  are  still  almost  entirely  unknown.  ctunMn. 

The  salts  of  the  protoxide  have  a  dark-green  colour  like  those 
of  iridium,  at  least  when  in  solution  in  vrater. 

*  Benelius,  Annsla  of  PkJlosopfay,  iii.  iM. 

f  BonvliuK,  Kcng.  Vei.  Acad.  Hand).  1678,  p.  69, 

II.  a  A 


"XTIiCS   .tflDSHTIt. 

r«  AlE  ir"  4*  *amB5At  tn  darit-bnnra,  «linart  VkA. 
Tm  1IIUIX3W  iiwf  30C  onotre  in  widk     Its  nlti,  tken- 

TV;   ^dinr^fxafi*  >ic  jkibiibi  seess  imlhcr  to  oossms  Ike 

*E.7r-)ir  n, — »ilt5  •r  sxids  or  tsxicrium. 

"Vu  al's  II  rs^iH-cn  ia-re  been  very  Utile  examined,  orae 
■D  -ha  sar.-ry  ic  vCittdl  -r^A  iw  prerenteil  most  cienniti 
r-iin  2cik£af  ~  ■=!.;  ■KT;-ei:r  o:  inTestigation.     Tley  mir  be 

i  AixSis.  Ti^i  OTCf^  am  dim  solation,  occasion  s 
■wjiTi  predroirf-  T^ic^  -^a^pean  again  if  die  dftali  be  added 

?-  rTiSjsiw  re  7oasa  ocvKhVif  no  precipitate. 

4  TfT-^-^LraTTec  of  po&sh  occasions  a  brown  or  bhckid^ 

3i  T!w  h^iswc  ot  2=T-e3Es  occasions  a  flaky  preripitate  of 

f.  Zltc.  ~>:c  izri  annaosT.  when  plunged  into  these  sdt- 
S.-iSh  'X»fwc  "^s^^  »":iH=m  to  separate  in  the  slate  of  a  bU 
TwwxT.  Tiit-i  ?es;3:e*  is  metallic  brilliancy  when  rubbed.* 

r.  Silr"— :;  -"c"  a— "ora.  vhen  added  to  a  solution  (Stella- 
TTxat-  :=.~rrs  iew^  a  MacJc  ptnrder  consisting  of  telluiiua  in 
a*  3Kar,:o  *:a?e. 

^.  Hy.Tr.'»:i~r2^Tif:ocaanD0nia  added  in  excess  to  asolatiaB 
oc'  TiZ':r:x^=~  :h^v»v  i^ovn  a  Mack  precipitate,  which  is  mfe- 
s.vr«v^  Vt  ££k-'<»oc  if  die  quantity  of  hydrosuli^Bret  be-arft 

1,  S«»fc5*  r/'  Trilwrivm.  When  one  part  of  teHnMM  » 
.vcf  r<ic  whi  100  parts  of  sulphuric  acid  in  a  close  wwbl,  it 
,^3«k\Tv«  ai^i  cifvs  ihe  add  a  ctimson  colour.  When  water 
b  .irvxT^  i:!:o  the  acid,  the  red  colour  disappears,  abd  the 
mnai  v  precipitited  in  black  flakes.  'Hlien  heated,  dieco- 
k<c7  e^isitly  £<apf>ears.  and  the  nKtal  precipitatea  in  tbeslrte 
<.y  a  vMte  povnler.  Diluted  sulphuric  acid,  mixed  iriA  a 
iittie  ainic  acid,  diKolres  a  eonuderable  portion  of  teUariH^ 
the  Htiarion  is  colourless,  and  no  precipitate  ia  prodneed  in  it 
by  waier.+ 
'  *J.  Sa^itr  ^tr/hritim  does  not  enst,  snIphonMu  wid  hariag 

•  Ebfiroth'*  Bdin«e,  nl  Ij  and  CreH'a  Annals  1796,  L  Ml 
\  C**»  iwidv  1798,  i.  98. 


SALTS  or  mOTOXIUR  OP  AN'riHONY. 
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th«  p«>p«rt)r  of  depriving  oxide  of  tellt^iiun  of  itt  itxygait.anid  **«-''"^ 
iMdudo^  it  to  the  nielaltic  statOr   >  i>i<i  <   nl>l'A<iit    .,'.'' 

3.  yUrate  nfUUurlum.      Nitric  Hcid  diwolvM  tf-lKiriiiin  Vfitli 
I  fiKJlit)-.     Tlw  soliiliDn  u  coluurlvHfi,  and  uot  rendereii  lurbid 

l>y  water.     T(  yii^lds,  wlirn  concentrated,  small,  wbite^  liglit> 
needlo-rorm  di'mlrilical  cTy»taU." 

When  (ho  neutral  salt  n  heated  pretty  Mroiifrly,  it  \s.  partly 
dcoompoticd,  aud  a  white  «ilt  U  obtained  ia  th«)itat«  of  u  white 
powder,  whicli  still  reddeiu  Utmiu  inijicr-f 

4.  Phoap^te  ij/*  tcUarititiu  A  wliici.'  powdor,  iiigoiuble  in 
water.} 

A  white  iosoluble  powder.} 
A  white  insoluble  powder. 
A  white  insoluble  [wwder. 
A  yellow  jiowder.     Ohtuincd  by 


A  syrupy,  not  crysulliiable 


ft.  Arteniatr  nfleilurium. 
ft,,  Moli^xlatt  tifteilurium. 

jK,  'I^ul^fJItatr  of  friluriutiL. 
ft,  Cltrumate  t{f  ttUtirium. 
I  double  affinity,  II 

9.  Bkitrootale  of  letlurium. 

Hi.  Hensoale  iff  (eUiiriHm.     Benxoatu  of  ammotiui  tliron-s 
?a  from  the  «dbi  of  tellurium  a  white  pomler^  nearly-  iiuo- 

(11  water.*" 
Tlie  rcMt  of  the  tclluriuni  8alu  arc  still  unknown. 

.„tI.,,BRCr|01«.JtLI.-r*U.T»  op  WHIM  taiJ^t  QP  ARSENtC. 

U  1»  well  known  that  white  oxide  of  iinoiitc  poNM>«si-«  the 
propertii's  of  an  acid  and  not  uf  »  base.  Hence  tiu  siiltii  iu 
iWkioh  thu  Mibstanoo  acta  tJie  part  of  a  base  seem  to  ox'\*t. 
Svlpliuri<-  aciil,  ami  muriatic  acid,  when  digested  over  the  arno* 
Jlkus  acid  dissolve  a  portion,  but  the  sulphuric  acid  It-tt  it  full 
^;ain  on  cooling,  and  if  we  attempt  to  dilute  tlie  muriatic  acid 
fohrtJM)  with  water,  tlie  greatest  part  of  the  antenious  odd  prr- 

ipltmtM. 

fW  II  .1'//  „  l,..j„    „|.     .. 

■  fECTION  XLtt, — SALTS  OF  PVnTOOUDE  Of  ANTtUONY. 

.  Of  the  three  oxides  of  antimony  only  the  firrt  or  lowest  hua 
•lbs  properties  of  au  alkali,  and  those  in  a  state  of  imperfection. 
The  other  two  oxidos  pos»e«i  acid  properties,  and  accordingly 
J»ire  been  iltniiiiguUlied  by  tlie  name  of  antimouious  and  uiill* 
aiooiD  aciila.     Sueh  of  the  salts  of  iltese  adds  as  are  known 

^liBve  been  dnicribcd  in  the  precc<ling  MCtioiw. 

^ft] .  I  -Tbe  nolulion  of  protoxide  of  antimony,  which  is  beat  known, 

^T^  •  Cr«U'(  AdosU,  ITHa.  i.  M.        f  BctmIjiu.  X  lUd.        $  Iblil. 

H     I  tliMl.  i  John.  *•  iliiii«Br. 


Ti*  OXTGES  ACID  SALTS. 

^^^'^  aad  wUcb  kss  been  most  aanined,  is  the  momtic.  it  W- 
m^tes  anlkr  whtn  dihited  vith  water,  bat  if  an  exces  of  niK 
lixDc  acid  be  adiM  iIk  precipitate  is  again  rediaaoked. 
f^iOB.  I.  PcttfQ  or  ammoaia  added  to  this  soliitioa  dirowa  dowa  a 
vine  preopiase.  vkich  b  not  twli— itrwi  liry«4Hing  an  cirf 
•ft^alkaS. 

3.  The  mne  efects  are  produced  br  carbtnwte  of  potad  aad 
o^MiaaK  of  ammotua- 

&.  Fhcepltate  of  soda  and  oxalic  add  also  ocoaaien  a  vlul* 
p»<eipiaie. 

4.  Pnasiate  of  potasb  occs^ons  a  white  predpilate  wki 
dropped  iato  Aese  fofuiimn.  Tlits  precipitate  is  merely  As 
cxide  of  ^  neal  predpitated  b\-  the  water  of  the  prai- 
Kiie.  \\'heii  applied  <nfficieBllT  concentrated,  or  in  crjslilsi 
CO  fwcipitatioa  nkes  place.  In  this  property  antimony  agnti 
witk  pansunL* 

^  H)~dramlphuret  of  amnURiia  occauons  an  orang«4ed  fit- 
ciriate.  which  redissolves  in  an  excess  of  tfae  precipitanL 

6L  M*ben  a  plate  of  iron  or  zine  is  plnnged  into  antimonid 
Mtstwofc  a  bbrk  powder  predpiates  in  great  Sundance,  and 
T^ry  speedily  when  ihere  is  an  excess  of  acid,  and  the  solntiaa 
s  7Ct  too  noch  concentrated. 

I.  S\^Act^  i/antimcmy.  ^lieTi  antimony  is  heated  in  een- 
cestrateii  miphvrir  acid,  snlphorons  arid  is  evolred,  so^nr 
(cb&Be«.  and  a  wUte  neatial  mlt  is  obtained,  which  is  Soliible 
13  dilste  sulphuric  add.  bat  when  water  is  poured  on  it  a  m- 
pentt:phate  of  aatimtHiy  dissolres,  while  a  sabsulpkate  b  lift 
in  the  &ci:e  of  a  while  powder. 

Tllken  the  ceatnl  salt  is  heated  it  gives  off  sal|ABroas  aai 
and  exytr^n.  and.  acconHng  to  Bossy,  some  anhy^ooi  i^ 
fjiBric  add.  The  subsolphate  formed  bj-  means  of 
cwnpweil.  anx^dinc  to  SonbeTao,  of 

Sulphnric  acid  .         .         .         17-99 

Ptvtoxide  of  antinoDT  8S^>1 


10(MN>f- 


This  j|>jT»«ches 

1    atnn  sulphuric  add     .         •  A 

•:^  atoms  protoxide  of  antimony        33-70 


SS-7S 


t  Jour.  <fe  Pharmacia  i-  MS. 
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2.  SaiithUe  o/  antimoHy.     lliis  salt  niay  W  obtained  by  di-  *wi.XLiL 
gesting  probuciilc  ot*  Biitimoiiy  m  Biilphucotu  acid,  or  by  passing 

a  curr«iit  of  sulphurous  acid  ^as  tlirooirli  a  sdIuUdii  of  iniutuU 
of  autimQity.     It  it  iimutuble  in  water.* 

3.  Nitrate  of  antmony.     Concentrated  nitric  acid  osidiic* 
'  antimony  wltliout  tlie  application  of  heat.     Tlie  same  elTect  '\* 

praiiiic«d  by  dilute  acid  pruvtil^-d  beat  be  applied.  \\'«U'r 
Mens  to  bi;  dccomp(KK-d  ii<i  well  as  nitric  nctd,  and  nttnitc  of 
Baunoniii  formed.  Very  litUu  uf  tlic  protoxide  of  ixiitiraoiiy  is 
beld  in  Bolution  by  tbe  acid.  The  undi§solvcd  portion,  how 
ever,  may  be  combined  witli  nitric  acid,  and  forms  a  wbitu 
Dwdcr,  wbicb,  according  to  Bucbolz,  is  coinposeil  of 
.  '•y        Nitric  iiGi<l  .         .         .         15-3$ 

Protostdo  of  antimony     .         .         84*60 


100 


I 


'  Tlus  approacheit  pretty  n«urty  to 
I  atom  nitric  acid 
4  Btoma  protoxide  of  uitiioony 


4475 

4.  Croconate  ofantimotii/.  Crocotiatc  of  pota&b  wLen  mixed 
witli  a  tolutiori  uf  cbloride  of  sntimony  throws  down  a  lemon- 
yeUow  precipitate,  tiotuble  in  an  o.xce.*n  of  chloride  of  antimony.f 

a.  PhoifJtafii  iif  iinlimonit.  Liquid  phosphoric  acid  dissolves 
A  liltte  )>r(>loxidc  of  uiitimuuy.  The  solution  does  not  crj'Stat- 
Hxe,  but  wboi)  evaporated  leaves  «  blackUh  gttma  mass,  which 
in  a  hi((h  tcmperaliire  may  be  TummI  Into  a  tninsparont  f;'<»*«4 

6. 1'AogpAite  ofaHtimony.  I'lic^jtbitc  of  ammoniit  occautonc 
no  precipitate  in  tartar  cmettc,  but  when  muriatic  acid  ia  added, 
a  white  precipiuue  fiills,  whidi,  aiW  being  dried  and  heated, 
yields  punr  )iydrogen.5 

7.  ArKmiate  o/aiitimony.  Arseniatc  of  potash  tlirows  down 
a  whit«  precipitate  from  muriate  of  antimony.  |) 

8.  Ars^ttUe  of  nnthnimy.  Tbi!)  »alt  may  be  obtained  by  di- 
geMing  anicnic  acid  upon  molallic  antimony.  It  prccipitaloa 
when  tlie  liquid  is  diluted  with  water.^  Wc  may  form  the 
lalt  by  heating  a  mixture  of  arsenic  and  antimonic  acid.  In 
Uiat  ca«e  it  noiHiituim  a  gl«wy<  tnuuluceni  mailer. 

>.  ChrvHttUr  of  oHtimoH^,     Cliroinnte  of  potash  girco  with 

■  BcTMtiiM.  t  I.,  nmolin.  J  WcitJcL 

(  Mi(ch«rlich,  Ana.  ilc  Chim.  n  dc  Plij-i,  xxxv.  817. 
BctMliiM.  1  IbiiL 
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niii-tKif  cc  izzaixax  a  bmmisb-yrihnr  preei|Htate,  wlddi,  in 
a  ix.x4  :t  X  =7iL:«  «  aatiraooy,  damlres  sod  beconwa  greeiH 
iv^i^  i^T^cQif^T  TO  "i-i  d^oompositioB  of  die  chroEBk  acid. 
1  >.  -ViTAift  r/  aitimomy.     A  yellow  powder,  flotnUe h 

1 1.  'J<.-UKX!  :/c3eiwKmM.  Oxalic  acid  scarcely  attaifa  nd- 
sucy.  '(IT  IT  £<(<o£Tv«  a  <aa^  porticm  of  its  oxide.  Tbe  iriB- 
ani  TSiJ2(  ^y  eTip<»alioii  small  crystalline  grmns  diffieaUf 
KLzTue  i=  wcT.  Tbe  same  salt  is  precipitated  by  adi^ 
foSt  ao^  %>  t^e  M-lation'f^ antimony  in  acetic  of  sulp^iic 
icai.  :«:  o;sal5c  acid  cccaoons  no  predpitate  in  butter  KfWf 

Z3SXCX.~ 

\i.  Ax^^i  v/ CMtimoKji,  Acetic  and  has  little  or  no  RdiHi 
:c  i;:=2ocy.  ^i  it  (iissolvn  a  small  portidn  of  its  oxides  *■ 
Mi-r»vAu  ii»  iiuwa.  and  tie  solntioa,  ac«m)in^  to  Weatel, 
\-jejit  ^ciill  crj-sals-i  This  salt  is  soluble  in  water,  and  «k 
earVyed  ^y  Ai^Em  Sala  and  some  snbsequent  pb jneians  u 

I-3l  Ti^rtrait  of  aittiimciiff.  Tartaric  arid  by  the  anistance 
vi  iieiU  <ii^!ioire:>  a  little  protoxide  of  antimony.  Wb«i  Ak 
s«\-L:ni>u  t>  cocoennated  to  the  con^steoce  of  a  ayrup,  aad 
MieL^  v'tb  alivhol.  it  dissolre^  readily  in  water  and  reddeat 
^;3:as..  The  *t.»]ution  is  not  precipitated  by  water,  but  is 
:J:Tv>«r3  down  by  the  sulphuric  acid  salts  and  by  nifric  add.| 

l-L  $\i\'ittt:tt  cf  ahfiiHOHjf.  Succinic  acid  does  not  atud 
autimoriv.  but  ii  dissolves  a  portion  of  its  protoxide,  and  fonai 
a  »It  wbich  has  not  be^ri  examined.^ 

15,  Btn^itttf  tf  antimoHj/.  Benzoic  add  readily  disarim 
the  oxidt'  of  antimony,  and  the  solution  yields  (rryslals,  wtMi 
remain  ilr\'  when  ex|>osed  to  tbe  air,  and  are  decorapcwed  kj 
heat.*  *     Thi»  ^t  di<«oIres  readily  in  water  and  alcoboL 

)6.  Giii/iUf  of  aMliuioH!/.  Sublimed  gallic  arid  precipitates 
Tartar  emt-tic  white. 

SEtTIOS  XLIll. — S.AI.TS  OF  PROTOXIDE  OK  CBROHIUM. 

The  preen  oxide  of  chromium  combines  with  the  differenl 
acids  and  farms  a  genus  of  salts  which  has  not  hitherto  been 
much  iuvostigaied  by  chemists.  They  may  be  distinguished 
by  tlie  following  characters : 

•  Beneliu*.  +  fl«igiium,  i,  B7I. 

t  VcmandlKhaft,  p.  IW.  i  Encyc-  Method.  Chiin.  i.  6. 

I  Soubriran  ud  Schnuibert.  t  Weaiel. 
•■  Tromnudorf,  Ann.  d«  Chitn.  si.  317. 


8AL1-8  or  rBOTOXIRB  01*  CIIIIOMIUM. 


1*  TTi*  aolutions  of  suits  of  chromium  have  tuually  a  dark-  *"'■  "'-'"• 
ffr««ii  colour,  thougli  some  of  tbcm  are  blue  and  auinc  of  tliem  chaawMt. 
piirpltf.     The  tntoiLfriiy  of  tlie  colour  is  !iuch  tliat  mo^t  of  tliem 
are  flpa<|ue  even  when  dilute.     When  eva[>onit«d  to  dryiios* 
lliey  <lo  nol  cryitlallize,  but  Ivavv  un  opatjue  maUer,  of  so  deep 

.green,  thnt  it  appears  to  lliv  ryo  black. 
>t<>2.  Thr  tiHic  of  those  solutions  is  a  very  strong  aix)  rather 
uttblf  sw<.i;l,  peculiarly  pleasaut  wlieii  they  are  rendered 
lUy  acidulous  by  an  excess  of  acid 
,0.  Potaeh  throws  <lowu  a  green  pcedpitutc,  whkli  is  again 
4itisoived  by  adding  ttie  alkali  in  oxei-^, 

14.  Animuuiii  uiid  its  uirbonatv  uIno  throw  down  a  gtvcn  pn^ 
.iripitotc.  ,.,,1  »,,,.,  ,„  .^f 
,  5.  PruBsiat«  of  potash  occaaioiu  no  precipitate,  but  when  Uic 
mixture  is  heated  it  becomes  dark-brouii  and  opaque,  yet  no 
^prfcipiiaie  tilN.  
r  a,  'i'hv  iiifu>ion.jft£putrgalU  titrows  down  a  i;rc«a  precipitate 
in  fiocksi.  ■     .    " 

7.  Sulphurrlli-d  hydrogen  occasions  no  precipitate,  provided 
.like  salt  of  chrooiium  be  free  from  all  traces  of  chromic  acid. 
hUydroMiIphuret  uf  ainmoniii  tlirows  down  a  precipitate  in 
Kreeii  Andes,  probably  m  coiHcipience  of  an  exceea  of  ammonia. 
a.  When  beuxoate  of  poUu>h  in  dropped  into  a  concentrated 
Mtlution  of  murialA  of  clironiiuin  a  gnva  flocky  precipitate 
^l^GUIb,  but  no  precipitate  falls  when  the  solution  is  dilute. 
^K.,,,..).  Suiphate  tff  chroiitiwii.  ilydraled  protoxide  of  chromium 
^1  dissolves  easily  when  di^Ated  in  dilute  sulphuric  acid,  forming 
^'.  B  Solution  havitigadarlcjjrcen  colour,  and  a  sweet  and  slightly 

»«tcid"lou»  laittc.  Wlicu  evaporated  to  dryness  a  very  dark- 
yl^ui  liutclcss  matter  remains.  It  does  not  redden  litmus 
paper,  and  )»  ea&ily  reduced  to  powder.  It  Ih  not  altered  by 
.  axpuuire  to  the  air,  and  iteeins  at  first  insoluble  in  water.  But 
wlien  digested  with  wiilt'r  on  the  KSind-lmlh  a  Kulution  is  slowly 
effected,  having  ihc  same  colour,  lostc,  and  pn^crtics,  as  at 
first.     Its  coii»titucots,  by  my  aiudysis,  arc 

1  atom  Hulphuric  acid       .         .         .         fi 
1  atom  protoxide  of  chromium  .         5 

3  atoms  water  ....         3'S75 


no  whole  acid  cannot  he  driven  ofl*  by  tiie  heat  of  a  common 
wind  furnace.* 

•  Phil.  Tfjuu.  tan,  p.  toe. 
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S.  Si^fkUt  cfckramium.   AceecdiDg  to  VanqiielBt  idplur- 
oiu  acad  readily  dissolves  the  hydrated  pretonie  of  ■fc-«~— , 
3.   Nitrate  of  chromima.     Nitric  acid  diaolves  hydiated 
protoxide  of  chromium  with  &dlity.     The  aaliition  hm  a  red- 
dish-blue C(riour,  and  however  long  the  digestion  was  prolonged 
I  never  sucoeeded  in  saturating  the  add.     The  sidutiaii  it 
sweet  and  acidulons,  and  when  evaporated  to  drynoi^  knti ' 
a  reddish-Une  matter,  readily  soluble  in  water,  and  not  very 
deliquescent     When  this  salt  is  heated,  k  mritS}  and  copioni 
fames  of  deotoude  of  azote  are  given  oB.     When  the  heat  ii 
coDtiiiued  till  these  fumes  cease  to  be  disei^;aged,  a  portion  of 
the  green  oxide  has  been  converted  into  chromic  acid.     The 
matter  dissolves  in  water,  and  ctmstitutea  a  dark-brown  liqaii^' 
which  is  a  cfaromate  of  chromimn.     From  an  imperfect  mattf-' 
us  of  nitrate  of  chromiom,  I  am  di^Maed  to  ctmsider  it  ■•  ' 
compound  of  '  -  .: 

1  atom  nitric  acid  .         .         .         9^S         •  -Ti 

1  atom  protoxide  of  cbnMnium         .        6      -    '     ■-•■-^ 
9  atoms  water         ....         3-87fi 


4,  Bipko^iiaie  of  chromium.  This  salt  is  obtained  by  miz' 
ing  together  solutions  of  phosphate  of  soda  and  chloride  d 
dixKnium.  ^liile  immersed  in  the  liquid  from  which  it  fan 
been  precipitated,  it  has  a  dirty  white  colour ;  hut  when  waafaed 
and  dried,  it  is  a  very  fine  deep  green.  It  is  quite  tasteles, 
and  insoluble  in  water.     Its  constituents,  by  my  analysis,  are 

Phosphoric  acid         ....         S-Oe 
Protoxide  of  chromium  .         .         5-00 

Water  6-63t 

This  Efiproaches  nearest  to 

2  atoms  phosphoric  acid  .         .         9 

1  atom  protoxide  of  chmnium  .         & 

6  atoms  water  ....         6-75 

20-75 
I  did  not  succeed  in  obtaining  a  neutral  pho^hate  of  chrtnninia. 

5.  Aneniate  of  chromiwrn.  W^hen  atseniate  of  aoda  and 
muriate  of  chromium  are  mixed  together,  the  mixture  evapo- 
rated to  dryness,  and  the  residue  digested  in  water  till  it  re- 
fuses to  lake  np  any  thing  else,  arseniate  of  chromium  ranaiH 

•  Phit.  Trvu.  l^fl,  p.  H».  t  Ibid.  p.  Sia 
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io  the  ttMie  of  a  fine  green,  tasteless,  and  insoluble  powder.    I  '»•"■'"• 
found  it  a  cmnpoand  of  ~' 

Anenic  add  ....         6-67 

I^toxide  of  cliromimn  .        .         A 

11-67* 

TUb  approBchee 

1  atom  arsenic  acid  .         .        .         7-25 

1  atom  protoxide  of  chromium  •         6 

12-26 

0.  BataraenifUe  of  chromium.     This  salt  was  obtained  by 

d^peatiDg  arsenic  acid  upon  hydrated  oxide  of  chromium  till  it 

nfused  to  take  up  any  more.     A  dark-^reen  solution  was 

fenned,  which  was  evaporated  to  dryness,  and  the  residue 

digested  in  water  till  nothing  more  was  taken  up.     A  darh- 

green  insoluble  matter  remained,  which  was  tasteless.    When 

heated  to  redness  it  became  rose-red ;  but  on  eooUog  assumed 

m  buff  colour.     It  was  found  by  analysis  to  be  a  compound  of 

Arsenic  acid  ....         I5'8 

Protoxide  of  chromium  .         .  6-0 

Water 6.65 

S7-45t 
This  ^>proBches  pretty  nearly  to 

fi  atoms  arsenic  acid         .         .         •         14*6 
1  atom  protoxide  of  chromium  .  5 

6  stoois  water         ....  6*75 

26*26 

7.  Dicarbonate  of  chromium.  When  muriate  of  chromium 
ia  precipitated  by  carbonate  of  soda,  the  precipitate,  after 
vashing  and  drying  in  a  tow  heat,  is  a  light-blue  coloured 
matter,  very  light,  tasteless,  and  insoluble  in  water.  Its  con- 
stituents I  found  to  be 

1  atom  carbonic  acid  .         .        .         2*75 

2  atoms  protoxide  of  chromium  .       10 

4  atoms  water  .         .         •         •         4*5 

17-26t 

8.  Tyi$eari(Mate  of  chromium.    Meissner  mentions  a  car> 

•  Phi).  Trani.  1837,  p.  8)2.  t  Ibid.  t  Ibid  p.  808. 
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ciw  L     booatc  of  cfarmnium  obtained  by  double  deoo»po«ti— ,  wiidt 
be  foimd  coupofted  of  ^ 

Carbonic  scid        .    -     .    -     .         .  Ia-fi39 

Protoxide  of  cbrominm  .         .         77.300 


*     - 

100400 

Tlu5  ^>j>rofiches  nearest  to 

1  atom  carbonic  acid 

fl'7S 

8  atoms  protoxide  of  chromium 

.       15 

1  atom  water 

1'135 

18-87& 
0.  PaUaearboHole  ^  cArost ixw.     I  obtained  this  aak  I9 
emploj'iiig  bicBibonate  of  potash  to  precipitate  the  muniM;^ 
chraoiium.     It  is  a  light-bkie,  tasteLesa  powder,  and  «(■  ■ 
compouiid  of  ,,._,., 

1  atom  carbonic  amd        >         ■         .         2-7& 
a  atoms  protoxide  ej  chrominm         .       25 
*il  atoms  water         ....       23-725 


6 11 75* 
I  coutd  not  succeed  in  my  attempts  to  form  a  oeutnd  ttV*™** 
of  chromium. 

10.  Chromaie  ^chnatiwn,  \\'hen  chromic  acid  is  digested 
on  hydraled  green  oxide  of  chiomiiun,  a  solution  takea  jjittn, 
and  the  Liquid  assumes  a  dark-brown  colour.  When  we  di» 
sotre  as  much  of  the  oxide  aa  possible,  and  evaporate  the  WiIb- 
tioD  to  dr^~nes8,  a  brown  iasobd>le  powder  is  obtained,  te  whick 
the  name  of  brotnt  oxide  of  chromium  n^s  fMroerljr  giTCL 

When  we  mix  t<^ether  solutions  of  chrtHoate  of  {Mtehnii 
muriate  of  chromium,  a  brown  powder  of  the  same  aatun  fiUi; 
but  it  is  soluble  in  water,  and  I  have  reasoo  to  beljeve  that  ^ 
solution,  if  properly  treated,  would  yield  crystaU  of  ebxnutU 
uf  chrvmium. 

1 1.  iloijfMalf  ^'cAromiimi.  When  molybdateofpotaikii 
mixed  with  muriate  of  cbrominm,  an  Bpple.f^Te«i  pKcdpitMe 
fklls. 

I:*.  Oxalate ^cArvmiKm.  Osalicacidd^estedaTa'hj'diils' 
green  oxide  of  cfarmnimn,  diseolres  it  with  facility.  TheMdii* 
tion  has  a  deep  violet  colour,  and  an  exoesurely-  sweet  Mtr. 

•  rhil.  Tnuu.  168T,  p.  iOfli 
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jWhen  evaporaMtt  to  drynew  it  rfeliquesces  ngain.      When  ^"^ '"•'"■ , 

W  as  to  rxpel  the  greut«tit  portion  of  the  wvter,  w« 
"obtun  il'^repiiiBh- black  matti-r,  i|iiit<-  tiiKH'loss,  ui<i  Kiinilur  to 
diurcoiit  in  nppearance.     Wlini  this  powtlor  is  digi'slc-d  Jii 
itvr  it  giBiltially  disKulvi-^  aiul  tliu  solutiun  li<is  the  cblour  and 
Bte  of  I  solution  uf  oxulute  of  chromium,     'llic  constituents 

'  thia  n]t  luto 

I  atom  o.ialiv  uoid                             .         ,           4*5 
I  utont  proio.^i(le  of  chromium        .        .          5 
d  atoms  trater        uiiituvitdi  (•  uuifiito^n  ^ni-'.^^^ 
''-i-'  I'liMw  ii- ; 


12-875 


ia 


T*. 


ilw. 


Bhuoxaiate  qfcAromiitm.     According  to  Moecr,  tW  pre- 

£*lt  (liMoIveH  in  oxalic  end,  aad  yields,  when  evapo- 

otrahiMltTii  m-atal^  of  (Hnoxaluti*  of  chioroidiii. 

f.  Acetate  of  eAntmimn.      When   strong  acetic  ftrid  is 

Bted  ill  a  Aw<ik  over  hydniti^l  protoxide  of  chromium,  screnU 

cbpsv  bcforo  uiiy  solution  takes  place,  thoug'h  the  action 

!  Bssislcit  Liy  hcut.     But  by  degreeft  the  liijuid  lunumes  a  green 

aluur.  which  gradually  dccpenii.     Hut  the  acid  cannot  bo 

kturated  in  ihin  H'ay,  ibe  smell  couiiiiuing,  and  the  liquid  re« 

ling  ui\  acid  ta»te,  though  it  bocumcD  nlM>  sweet.     When 

pOTHted,  a  ilnrk  green  mutter  r<-mnin«,  no  longer  suluble  in 

T,  hut  iioluble  us  heforv  when  digested  in  acetic  «cid.* 

""IS.  Tarttatr  tifrhnimivn>.    TnrtnricucidgraduiiUy  di«.olves 

hydrBtcfl  oxide  of  chToinium,  and  I'ornis  ft  dark  blue  coloured 

litjuid  having  tlie  usual  sweet  acidulotiK  taste,  which  ebaracter- 

fanen  the  salts  of  chromium.     When  the  liquid  is  cnii>oriited  to 

drynefts.  n  black,  brittle,  (imteless  powMer  remains,  whicb  is 

tarintte'  of  chromium.     It  is  not  chmv  to  Mtumte  the  acid ;  but 

^4irh«li  this  is  accomplished  (he  eomtituents  are 

^V  '    1  ntotn  turtiiTie  acid  w-iiU, 

^P'       I  atom  protoxide  of  chromium 

^K'      2  atoms  water 


16-5 


UCTcording  to  Mo«er,  oclulicdral  cr)'&tiil»  nuiy  he  obtained  from 
a  solution  of  protoxiile  of  chromium  in  tartaric  acid  These  crys- 
tals probably  consist  of  liilartrate  of  chromium. 

16.  Vitrale  <ff  chromium,     Hydraled  [irotoxide  of  chromium 
diMolves  in  citric  acid,  and  the  solution,  when  cvapumted,  yields 
^-sriunatic  crystals,  baring  a  light  grccji  coloiir.t 
Wg  •  PhiLTrMis.  iei7,  P.SI4.  t  Brandenburg. 
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om  l  17,  Stuxinate  of  cArontixm.  When  the  aucdnic  acid  it 
digested  over  hydrated  protoxide  of  chromiam,  a  green  whitini 
is  formed,  whidi,  by  spontaneous  evaporation,  yields  octahednl 
crystals  of  a  dark  violet  colour.* 

18.  O^fe  of  chromium.  When  muriate  of  chromiiui  and 
oleate  of  potash  are  boiled  blether,  a  double  decompontiaa 
takes  place,  and  oleate  of  chromium  formed.  It  is  aviokt 
coloured  matter.  For  some  days  it  remains  soft,  but  itgradiH 
ally  becomes  quite  hard  when  kept  in  a  dry  atmospfaere>f 

BECTION  XLIT. — SALTS  OF  PROTOXIDE  OF  UOAHIUH. 

Uranium  is  so  scarce  a  metal  that  its  salts  have  hitherto  beai 
very  imperfectly  examined.  The  protoxide  has  a  green  odaar, 
and  its  solutions  in  acids  are  distinguished  by  a  umilar  ooloih 

1.  The  taste  of  the  salts  of  protoxide  of  uranium  isaBtriogeob 

2.  Caustic  potash  dropt  into  a  solution  of  protoxide  (f 
uranium,  throws  it  down  green. 

3.  Prussiate  of  potash  throws  down  a  brownish-red  pred^ 
tate,  which  does  not  assume  the  form  of  flakea,  like  pnoakls 
of  copper. 

4.  Gallic  acid  strikes  a  chocolate-brown  colour,  at  least  wbeo 
the  salt  is  neutral. 

5.  Sulphuretted  hydrogen  occasions  no  precipitate  bat 
bydrosulphuret  of  ammonia  throws  down  a  brownish-yeUow 
powder. 

6.  No  precipitate  b  occasioned  by  zinc,  iron,  or  tin. 

1.  Sti/pAate  of  uranium.  Obtained  by  dissolving-  the  prot- 
oxide in  boiling  sulphuric  add.  A  light  green  iupoifecl^ 
crystallized  saline  mass.  The  solution  is  deep  botdt  glfSii 
and  by  long  exposure  to  the  air  it  absorbs  oxygen,  and  is  w>r 
verted  into  sulphated  peroxide  of  uranium.^ 

2.  Nitrate  of  uranium  does  not  seem  to  exist,  as  nitric  acid 
has  the  property  ofchanging  protoxide  of  uranium  into  peroxidti 

3.  Carbmiate  of  uranium.  When  sulphate  of  unniuB  is 
mixed  with  an  excess  of  carbonate  of  ammonia,  a  light  gien 
precipitate  &11b.§ 

SECTION  XLV, — SALTS  OF  PEROXIDE  OF  USANIDIL 

This  genus  of  salts  has  been  much  more  examined  thas  Ae 
preceding. 

*  Moser.  I  Chevnul,  sur  les  coipi  gru,  p.  M. 

X  Bucholi,  Arfrcdson.  $  AriVecbon. 
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I: 


colour  of  rtie  salte  of  jHToxidp  of  uituiiiun  is  yellowt 
and  tlipfr  taste  nxlrinji^b 

2.  Rfost  of  the  ditiracters  given  to  tbe  preceding  j^iius  of 

Is  belong  iil.'w  to  this. 

B.  Oirhonatc  of  ammonia  ihrowa  down  a  yellow  [precipitate, 
'frliidi  is  redissoK-cd  hy  an  o«e*s  of  uirbonat«.  fjolution 
Ipmon-yellow, 

4.  Cardonnte  of  soda,  n  yellow  precipitate  redisnolved  by 
excew  of  tlio  pr»;ipitant 

5.  Chromiitc  of  potu&li,  a  fine  odirc-yellow  precipitate  of 
great  intensity. 

6.  Phosphate  of  soda,  a  yollowuh-n-bico  procipilnte. 
'I.  Sutphatrd  peraritle  of  vramuiti,     Salpburicacid,  trbctb«r 

ieA  or  diluted,  lian  but  little  effect  upon  uranium,  ta 
the  iMtalltc  fliaie.*  Ity  iKiiling  tbe  oxide  obUiiiiod  from  nitrate 
Af  nnminm  by  mnam  of  boat,  u-lth  n  sufficient  qoutCity  of 
diluted  Hiiljthuru'  acid,  iin'l  sctlinf;  tin-  solnlion  aside  in  a  warm 
place,  Mr,  Btirb(»liit  obtuiuod  nceille-fomi  crj'slals  of  sulpliatc 
of  umninni.  As  tbese  crystals  contained  an  excess  of  acid, 
tfaougb  a  portion  of  the  oxiilo  reinaincil  nudi.violved,  liuvhobe 
red!.<s»tved  tliera  In  ufitor,  iidded  a  little  nitrto  aciil,  and  [>oiled 
tticm  til  dryness  over  a  new  portion  of  oxide  of  unuiium. 
Thv  mass  was  4lis<wlve<il  again  in  vnter,  filtered,  and  set  aside. 
After  some  motuliB  wry  Bmall  prismatic  cryslals  scpumt«)t 
and  by  ctiutintiin^  ibe  e^'apo^ation  ftome  crystals  were  obtained 
in  the  sbape  of  ijibles. 

Tlte  colourof  these  crystab  h  lemon-yellon*.  Tliey  dissoke 
'{(tits  of  thi-ir  wiMi^lit  of  cold  n-ater,  and  in  ^^ihs  of  tJicir 
igfat  of  ttiut  li(|iiid  when  boiling  huu  Tbi-  dilution  bas  the 
eennstmcy  of  a  oyrup,  and  gradually  yields  regular  cry-^tals 
irhen  subjected  lo  Hpoiilaneous  erapnratioti.  Pure  alcohol  at 
the  common  ti'mperaiure  of  the  air  disMlves  j^tb  part,  and 
boiling  iilcobol  j'.,tli  piiri  of  itA  weight  of  tliem.  When  tlu) 
solution  u-at  exposed  to  the  sun,  ila  colour,  at  firtt  light  yellow, 
beoaiDe  greoD.  and  the  M-bole  of  the  oxido  gnuluully  pri'cipitft- 
ted,  rarr)ing  along  wiib  it  a  portion  of  sulphuric  acid.  At 
the  same  timcibosuK'Hofctberbecame  perceptible  in  the  liquid. 
When  crystuUiirad  siilpliated  peroxide  of  uranium  is  exjiosed 
toft  red  beat»  it  loses  14  percent,  of  its  W9^ht;  but  tnawhiu 
lient  it  lose^  ibo  wbole  of  its  acid  and  water.  The  residue, 
faich  weiglis  T^'^n'''^  °^  ^^  original  salt,  is  a  grayish-bbick 
powder,  consisting  of  protoxide  of  uranium. 
■  But-liolx,  Gchlcn'*  Joiir.  iv.  'M. 
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CUM  L  This  salt,  according  to  the  eipetimenta  of  Buchoh,  to  wliom 
we  are  indebted  for  the  whole  of  the  facts  above  ennnentedi 
is  composed  of 

1 8  acid 
70  oxide 
12  water 

100* 
Now  if  the  atomic  weight  of  peroxide  of  umnium  be  26^  tbai 
numben  are  equivalent  to 

1-44  atom  snlphnrie  acid, 
1      atom  peroxide  of  uianiam, 
4-26  atoms  water. 
Hence  it  is  probable  that  the  true  constitudon  of  tfaia adtb' 
I  ^  atom  sulphuric  add  .         .  7>5i.  i" 

1    atom  peroxide  of  nianium  .  .         88  ■  ■'  '■*' 

4    atoms  water  .         .  4*0-  '" ' 

.  ■■■  ■■  If. 

^  -iu 
I  made  repeated  analyses  of  this  salt,  prepared  bjr  <Hgeite 
carbonated  peroxide  of  uranium  in  dilute  sulphuric  add,  'dll« 
refused  to  take  up  any  more.  In  one  analysis  I  got  prMJMif 
the  theoretic  quantities  given  above ;  but  in  general  tkeM>  W 
ai  small  excess  of  acid.  This  leads  to  the  aiifipiciolt  tli^  i 
bisulphatcd  peroxide  of  uranium  also  esista.t  -' 

3.  Sesquinitrated  peroxide  of  mranium.  I^is  salt  ii'tal 
formed,  as  Klaproth  showed,  by  dissolving  t£e  carbonaH<fc)tt^ 
oxide  of  uranium  in  nitric  add,  and  bringing  the  solttti^  lA 
crystallization.  The  best  method  of  obt^ningregatatcij^aitfi 
is  to  expose  the  solution  to  a  very  moderate  beat.  Wlttii 
saturated  hot  solution  is  cooled  quickly,  crystals  Vdixtt  Ise  'M 
obtained,  but  not  so  regular.  Ilie  crystallisatkm  snoceedsieit 
when  there  is  a  slight  excess  of  add.{  The  colour  df  Ifae  cry*- 
tals  varies  somewhat  according  to  the  method  of  cryitallixiB^. 
When  the  solution  b  fnlly  saturated  with  oxide,  the  erfstab 
are  of  a  lemon-yellow,  and  greenish  at  the  edges;  buCvbrn 
there  is  an  excess  of  acid  present,  they  liare  aXi  a  greeoiali 
colour.  The  crystab  have  the  form  of  tables,  often  hexagoaal ; 
but  by  cautious  management,  they  may  be  obtained  in  laije 
four-sided  rectangular  flat  prisms.} 

They  are  extremely  soluble  in  water ;  93  parts  of  diat  liqnid 

•  Gdilen's  Jour.  iv.  134.  |  Pint  Prindpin,  S.  S6. 

X  Buchdx,  Gehten'B  Jour.  iv.  p.  14A.  j  Ibid.  IW. 
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at  the  common  temperature  licmg  capable  of  dissolving  QOO  '«*-*t.v.  \ 

ports  of  uitrat^  p«TAxi(Jc  of  uriuiium.     Boiling  vrster  di«Kolres  ~^~^^ 

any  quantity;   ihe  water  of  erysuillization  beiii^  siilTicient &t 

tbat  tempcniiui*  to  kt-cp  the  salt  in  solution.     Tliey  an*  Mill 

more  Ndliihlo  in  pure  ulcohol ;  one  part  of  iLat  li<pi>i1  (lii»olvin^ 

8^d  partx  of  the  nitrattf.     The  solution  ha.4  a  yrllon-  colour,  and 

is  of  tlic  coDftj§tene«  of  a  syrup.     Iloilingulcoliol  dissolves  any 

ijtuuitity,  but  a  portion  of  the  salt  prfriptlntrs  again  nsthenolu- 

tiOR.cooU.     By  evaporation  tlte  soh'lion  yields  regular  crystal* 

of  nitrat«  and  peroxide  of  uranium.    If  il  be  kept  for  a  long  time 

In  tlic  temperature  of  ubout  11',!^,  the  salt  is  jiortly  decomposed, 

a  yellow  jMin-dcr  precipilntinjic;  a  portion  of  which  i^pemxidft 

of  uranium,  and  a  portion  of  the  same  oxide  united  prol^ably 

to  a  vegetable  add.     When  four  parta  of  tliui  salt  and  ouc  part 

uf  alcuhoi  are  ditliUed  in  a  very  modt^nile  heatt  tliu  ftnX,  portion 

which  vometi  over  hiw  the  Kinell  of  nitric  ctlicr;  (lie  second 

eontuina  a  portion  of  acetic  add.* 

Sulphuric  elherdissolvesnboutone-fonrlliofits  weight  of  thin 
talt;  the  solution  is  lemon-yellow;  but  when  exixxuid  to  the 
anii'i)  rayts  it  bccomcti  in  a  few  minutc»  grcvo,  and  in  iioinc 
h<wm  a  watery  portion  »u))i&ides,  of  a  green  colour,  containiug 
■nniMDt,  The  i-tiier  iirquireti  the  smell  uf  uilric  ether,  and  a 
quantity  uf  protu.f  iilu  uf  luanium  jircdpiutvH.^ 

Wh«n  itilrittetl  pvruxidc  of  utanium  i»  ex)K)>u.-d  to  ihr  iiir  at 
tlie  temperature  of  about  I00<*,  il  very  Mton  falU  into  a  white 
|M>wder ;  but  in  cold  and  damp  air  it  very  huou  delifjucAocs  int^ 
ttli()ui<Ll  ,,1/        j    .„K.| 

When  hcAted,  it  wndurgocs  lliv  watery  fusioDi  die  water 
wliicJi  it  contains  U  gradually  dinKipatefl.  tarrying  fdong  wiUi 
it  a  portion  of  the  acid.  If  tJie  heal  be  increased,  nitromt  gas 
niikea  it«  escape,  and  at  last  a  portion  of  oxygen  gas  i«  di»«n- 
gaged.  Uy  tldi  procesa,  not  only  tbo  whole  of  tlie  add  and 
Wt«r  i»  ditutipaleil,  but  tJio  metal  loses  aW  a  considerable  por- 
tioA  of  i(»  oxygen.} 

Krotn  the  expcriuenta  of  Buchola^it  followH  that  tliis  raJti* 
Bompuned  of 

61  oxide 
25  acid 

~«  BoeMa,  Qehl«flV  Jmir.  rt.  p.  I&l.  t  llMd.  p.  IM. 

t  lUd.  p.  \ia.  #  lUiL  p.  IW.  I  Ibid.  p.  148. 
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Thu  ia  eqiuTBlent  to 

1-69  atom  nitric  add, 

1       atom  peroxide  of  tmniuni, 

5       atoms  water. 

I  analyzed  the  salt,  and  obtained  for  the  coostitaents 

I^  atom  nitric  add  .         .  10-125 

1    atom  peroxide  of  oranimn         .         .         SS 
17  atoms  water  .        .         19-1S5 


57-45' 


The  reason  of  the  great  excess  of  water  wa%  that  no  rtcp 
were  taken  to  dry  the  crystals,  except  leaving  them  for  Mac 
time  exposed  to  the  air.  I  am  disposed  to  conader  the  qm- 
tity  of  water  assi^ed  by  Bucholz,  as  nearer  the  tmth  tba 
mine. 

3.  CoTfxmateil  peroride  qf  tmntimm.  This  nit  in  a  state  af 
purity  is  nnknowii.  When  a  salt  of  peroxide  of  nianiioi  il 
precipitated  by  carbonate  of  potadi  or  *'""'<>*iiaj  not  added  it 
excess,  the  yellow  precipitate  contains  the  predfutatii^  albl 
as  well  as  caibonic  aad  and  peroxide  of  utaniam. 

4.  Staquipkospkiatd  peroxide  o^  vranium.  When  wi'itMiii 
is  added  to  a  superpbosphated  peroxide  of  uianiom,  a  yellonA 
white  predpilate  &lls  scarcely  soluble  in  water,  but  m&j 
soluble  in  carbonate  of  ammonia.  According  to  die  analyw 
of  lABgier,  the  constitoents  of  this  salt  are 

Phosphoric  add  .         16*6 

Peroxide  of  utaniam      .         .         61 
Water  ....         23 

9»-6t 
lliis  is  equivalent  to 

1-69  atom  phoqtboric  add 
1       atom  peroxide  of  uranium 
8-9    atoms  water. 
Hence  the  constitution  of  the  salt  is  probably 

Ig  atom  phosphoric  add  .         .         6*75 

1    atom  peroxide  of  oraniom     .         .       28 
9    atoms  water         ....        10-12S 


44-875 


•  Fmt  Principle*,  d.  p.  M. 

t  Ann.  it  Chim.  «t  ih  Plv&  »i*.  S3S. 
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S.  Suptrphoitphated peroxide  i^uraitiitm.     TWa  »alt  may  be  *'**'•*■ 
obtained  by  dissolving  carbonated  peroxide  of  uraniuni  in  an  ^*^^~ 
excess  of  pbosphoric  acid.     It  is  a  yellon-,  uncrj-stallizable, 
gdUiiious  substance,  attracting  moisture  wlien  exposed  to  tbe 
dr.* 

16.  AraenitUed  peroxide  qfurauimn.     A  ligbt  yellow  powder 
iitBolublc  in  water. 
7,  BortUed  jieroxide  of  uranium.    Obtained  by  precipitating 
a  salt  of  peroxide  of  uranium  witti   borax.     A  ligbt  yellow 
powder,  rery  little  soluble  in  water.f 

8.  SeleniUd  prroxidt  of  ureintiim.     The   neutral  salt  is  a 

» lemon-yellow  powder,  wUicli,  wbrn  heated,  allows  its  acid  with 
■  portion  of  oxygen  to  escape,  and  leaves  a  green  coloured 
oxi<t«'.  Tlie  fnMlenite  is  fonne<i  by  diMolving  the  preceding 
■alt  in  Mlenic  acid.  When  cvaponiti^'d  it  leaves  u  pule  yellow 
ttanaparent  varnisli.  When  quite  dry  it  is  white,  opaque,  and 
«rj*alalline.  \ 

9.  Vhromaled  peroxide  <^  urantioN.     Chrotnate  of  potash 
tbrowo  tlown  a  fine  orange  precipitate  from  the  sesqniuttrated 

P -peroxide  of  uranium. 
10.  Ihchromated  peroxide  of  uranium.  When  carbonated 
peroxide  of  uranium  is  dissolved  in  an  excess  of  chromic  acid 
and  tlie  Aolutiou  concentrated,  it  dcposites  small  cubic  crystalj 
and  dendrites.  The  salt  melts  at  n  low  red  heat,  and  is  par- 
tiaUy  dccotnpnwd.  § 

II,  BitHolyfxIaltd  peroxide  (f  uranitm.     Molybdatc  of  am« 
I  monia  throw«  down  from  sesquisulpbated  peroxide  of  uranium 
a  light  sulphur  yellow  powder,  composed  of 

MolyUiic  acid  .         .         .         43-75 

Peroxide  of  uranium  .         .         5(i-*25 

100 II 
is  oquimlent  to 
2*43  atoms  molybdic  acid 

1  atom  peroxide  of  uranium. 
Hence  tliere  can  be  little  doubt  that  \\a  true  cortsdtattOR  b 

2  atoms  mulylidie  ^-id  .         ,         18 
I  atom  peroxide  of  uranium  .         .         28 

46 

When  tliig  salt  is  heated  It  becomes  blue.     U  k  insolubte 

t  n»d.       t  BeruJiiii,  Am.  ik  dilm.  ct  Ae  Phy*.  n.  964. 
I  Brand**. 
3a 
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c<*a  '■     in  water,  but  dissolves  in  tlie  stronger  acids  and  in  earbonste 
of  ammonia. 

12.  Tungstated  peroxide  of  uranium.  A  light  yellow  pow- 
der, insoluble  in  water,  but  soluble  in  the  stronger  arada  ant 
in  carbonate  of  ammonia* 

13,  Oxalated  peroxide  of  uranimn.  This  salt  may  be  ob- 
tained by  dissolving  the  bydrated  peroxide  of  uranium  in  in 
aqueous  solution  of  oxalic  acid,  or  by  decoraposiog  sesqui- 
nitrated  peroxide  by  a  concentrated  solution  of  oxalic  add.  A 
yellowish  white  powder  in  small  crystalline  grains.  It  is 
scarcely  soluble  in  water.  According  to  the  analysia  of  Ber- 
zeliiis,  it  is  a  compound  of 

1  atom  oxalic  acid  .         .         .  4-5 

1  atom  peroxide  of  uranium       .         .       28 
0  atoms  woter  .         .         3'376 


35-875 
14,   Teroxalaied  peroxide  of  i:raninm.     I  obtained  this  nit 
by  digesting  a  dilute  solution  of  oxalic  acid  in  carbonated  per* 
oxide  of  uranium  till  the  liquid  refused  to  take  up  any  more. 
This  solution  was  very  nearly  composed  of 

3  atoms  oxalic  acid  .         .         .  13*5 

1  atom  peroxide  of  uranium       .         .         28 


41-5 

But  when  evaporated  it  deposited  crusts  of  the  common 
oxaiated  peroxide. f 

15.  Aretated  peroxide  of  uranium.  Concentrated  acetic  add 
dissolves  peroxide  of  uranium  by  digestion,  ond  yields  beautifdl 
yellow  crystals  in  the  form  of  long,  slender,  transparent,  fbof 
sided  prisms  terminated  by  four-sided  pyramids.  When 
heated  gradually,  the  acid  is  decomposed  and  driven  off,  but 
the  remaining  oxide  still  retains  tlie  form  of  the  crystals.  { 

16  Tartrated  peroxide  of  uranium.  Obtained  by  mixing 
perchloride  of  uranium  with  tartrate  of  potash.  Small  whitidi 
yellow  crystalline  grains,  very  little  soluble  in  water.  TV- 
taric  acid  does  not  prevent  peroxide  of  uranium  from  being 
thrown  down  by  alkalies.  J 

17.  Pyrotartrated  peroxide  of  uranium.  When  pyrotartnle 
of  potash  is  mixed  with  sesquinitrated  peroxide  of  uianium  a 
white  crystalline  precipitate  gradually  fells.  || 

•  Benclius.  t  ^>r(t  Principles,  u.  8a> 

X  Kiaproth,  CtcU'b  Annala,  i.  13J.  Eng.  Trans.      $  H.  Row.      |  DU- 
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18.  Citratedpfmiideofuranimti.    A  rery  light  yellow- gait,  ""*-^'-^- 
■cftrocly  soluble  in  n-atfr.* 

10.  Malntffi ftfroride  qfuranimn.  A  light  yellow  powder, 
Tery  liiiic  soluble  in  watpr.f 

30.  Stitritudnl  peroxittc  of  unmium.  Obtained  by  double 
ilrcomposition.  A  light  yellow  nrnttor,  very  little  soluble  ia 
water-t 

21.  Bfnzoatrd  peroridf  of  uranium.  Obtained  in  the  same 
W»y  a«  the  preceding,  which  it  rcscmblen  in  its  properties-J 

22.  Gallalfd  peroridf  of  cranium.  Sublimed  gidtic  acid 
given  A  rMiliith  brown  colour  to  acelated  peroitidc  of  nrnniiim, 
and  by  degrees  a  prccipifate  having  llie  same  colour  falls. 

23.  CamfihoTVled /Kittxiili-  if  urnmum.     A  yellow  powder. || 

24.  SetqninubcraUd  pi-rtniilc  of  Hrani\tm.  Sui>erate  of  am- 
monia throws  down  from  scsquisulphated  peroxide  of  uranium 
B  B^ht  yellow*  precipitate,  wbicb  on  drying  becomes  yellowiNb 
while;  but  rwumes  its  originid  colour  wlion  boiled  in  water. 
It  in  Uist<-!ess,  iind  composed,  according  to  the  analysis  of 
Btandes,  of 

Suberic  acid  ....         41-684 

Peroxide  of  uranium  .         .         58'3I6 


[TliU  comes  verj-  near 

1  ^  atom  suberic  ucid 

1    atom  peroxide  of  uranium 


100-0001 

18-75 

28 
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S5,   Pinattd  peroxide  of  wamim.     Obtained   by  double 
iposition.     W'lien  boile<l  in  oU  of  turpentine  it  u  con- 
into  a  diirk  brown  liquid.** 


HCCnoK  XLVI, — SALTK  OF  PROTOXIDE  OF  MOLYBDENUM. 

This  genus  of  »ailA  lias  lieen  very  little  examined.  Tlic 
most  of  them  luive  a  green,  brown,  and  black  colour,  similar 
to  a  solution  of  «e«quioxidc  of  niungunesc  in  cold  roiiriatic  acid, 
without  the  evolution  of  chlorine.  Tbv  taste  is  simply  mtrin- 
gvnt,  without  any  thing  metallic.  They  are  not  so  apt  to 
[^ absorb  oxygen  as  tlic  salts  of  doutoxide  of  molybdenum,  am) 

•  Itichtcr.  t  It<id-  t  Hnil-  {  lUil- 

I  ItnmdM,  Schu'ciRKcr'a  Jmir.  xxxriiL  300.  \  Ibid,  ixxiii.  99. 

Unvcrdnrbcn,  rojaicndotf'i  Annalco,  xi.  i3l&. 
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Aceang  be  cneeunsed  ■hhiwi  s*  aack  riik  af  alloi- 

iep«aau.T  vicn  ihi  j    fcmi    an  ezco*  of 

'  K  pvrplc  csloai^  pnoKlf  like  tbe  nltt  of 

L  fi^iink  t/mmlfUamm.  Ii  b»t  be  obtsbied  fay  Anolr- 
np  ae  linaBd  pcneaxUe  of  i— Ijiwh  imiii  in  sa^kmic  tai. 
TW  Willi  iiiii  B  UBOM  hhrt  W^en  irj  pnMoxide  is  tritoiited 
«afc  emmaauassd.  aaifkme  aai,  ve  fiira  a  bhck  UM^  naii 
niA  is  a  Bncal  f^J-t,  if  tLe  qaadtr  of  giiile  be  t"**""* 
Vkm  vacs  »  pMBvd  apoo  oh  nuser,  it  nsdexgoes  decai 
pWBEa^  a  lapenKlfiace  being  dkulnd,  vlule  a  anlMilphafc 
MMMM  rmaiifhue.  TW  wlimna  wben  cnocaitiated  lieciti 
back  vki  Mi^  bc£  age  crr^alliiie.  Wben  die  sopemlplMk 
B  keneit  «up&s;wH  sod  ii  eralTctl,  mai  the  nit  is  coaTcited 

%  >««fe  ^ma^iAamwi.  Tkk  nit  h  obtained  by  diaMk- 
Bf  ATOied  pnicaxide  of  OHitrbdeBiim  in  £lBte  nitric  idl 
IW  mimam  iaa  u  Bnt  a  U^k  coloor,  wUii  ^teedfly  pMM 

,  an  csEcs  of  brdnted  oxide  is  entployed,  we  oUns 
TUi  nit  cannot  be  fKcserred,  dte  oxide  gndmOf 
^nrett  fratm  ibe  acid,  and  is  at  last   coDTCTted  into 
awLy^ac  adiJ.T 

&  Cmiumm  tf  mahjUauoL.     fienelins  could  not  suoceed 

«.  ffciyii*  ^Bo^tdfew.  Obcuned  bj  mizi^  sofaitiiBi 
«f  f^V^**  ti  BohrbdesaiB  and  pbospbate  of  soda.  The  pie- 
c^aase  it  at  fint  reifiatohvd,  bat  9ood  beoomes  penoiaett. 
It  has  a  dark  grar  coloor,  and  is  siJable  in  «n  ezceaa  of  <U»- 
rii;  «t  BialyiidMaB. 

WWa  ibe  brdnted  pratoxide  is  diasotred  in  pbo^ikrie 
wtaL  ve  «t<ain  a  duk  poipfe  sopenalt,  baring  a  synqiy  M^ 
liisi  ai  II    deSqaocbig  in  tbe  Mr,  and  dissolrin^  in  airnnwiB-t 

3l  Jrmm^i  if  BoiyrftaaB.  Una  alt  is  quite  nailar  to 
Aepcece«£af. 

&  Ann*  y  MD^MnHB.  A  daik  gray  precqnlate,  iriiick 
bewei  hiatk  wben  dried. 

7.  Ctnmak  ^mnlgUimm  does  not  seem  c^ntde  of  beisf 
§mm*d.  Tbe  pnNoxide  v£  BM^bdennm  depriTes  die  aod  i 
wrrgen,  aal  c«aT«ls  it  to  gieeo  oxide. 


*  Bmbiv  Co^  Vm.  Aai.  BmA.  IBU^  p.  1S3. 
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S.  Oxtdate  of  molyhdenvm,    -v  These  four  mlts  may  bo  ob-  **^  "■'"'■ 
9.  Acetate  of  moi^bdeaum,     f  tained  by  double  <lccom)>o- 

■      10.   Tartrate  of  imtli/ftdrniim,  rsiuoti.    They  are  dark  gray 
II.  Succinate  of  mvls/ddenim,  ^  pncifitiiU^  which  become 
black  when  dried.* 

H       SKCTtOtr  XLTIt. — SALTS  OF  DEUTOXtDE  OP  MOLYnDKNTM. 

^H     Tbe  Mlt»  of  d«utoxiil«  of  inolybdenum,  while  they  retain 

^BMv  of  cryslaDbation,  are  red ;  but  when  deprived  of  their 

^Kntir,  they  become  almost  black.     Their  solutions  have  an 

Batriiigent  tiiste,  and  communicate  at  the  same  time  an  imprea- 

sion  of  acidity,  and  leave  a  feeling  of  something  metallic  in 

the  mouth. 

When  infuttion  of  nut-fralls  in  added  to  a  soluUon  of  tliew  ctumun 
salu,  th(>  colour  lio»>mp«  bright  yellow,  willi  a  «l)iule  of  brown, 
and  a  HmitU  quantity  of  grayish-brown  matter  precipitates. 
Prii9$iatp  of  potash  throws  down  a  dark  brown  precipitate, 
L^  which  is  not  rcdiMolved  by  an  excess  of  Uie  precipitant, 
^P      A  rod  of  zinc  causes  tbem  (o  assnmc  a  black  colour,  and 
"  protoxide  of  molybdenum  mixed  with  zinc  gradually  preci- 
pitates. 

■  The  insoluble  salts  of  deutoxide  of  molybdenum,  when  put 
into  an  alksiline  solution,  become  black,  because  the  oxide  ii 
cliangcd  into  molybdic  acid,  and  is  taken  up,  provided  there 
be  B  cnfficirnt  qiumtit}'  of  alkali. 

1.  StiipAatcd  dcwioxide  rf  molybdenum.     This  salt  may  be 

fonoed  by  dissohnng  hydrated  deutoxide  in  sulphuric  acid,  or 

by  decomposing  tlie  muriate  by  sulphoric  acid.     The  solution 

^  is  red,  but  when  evaporated  to  dryness,  it  brcomcs  black. 

■  AVken  evaporated  in  n  high  temperature,  it  becomeit  light  blue, 
%  chai^  to  which  tlie  salts  of  deutoxide  of  molybdenum  are 
Ttrjr  Ibblo.f 

9.  Kitrated  deutoxide  of  jHoli/MenMM,     This  salt  may   be 

obtained  eitlier  by  dissolvin);  hydrated  deutoxide  in  nitric  add, 

^  or  by  digesting  an  excess  of  miilyl>dcnum  in  dilute  nitric  acid. 

^H  it  may  be  much  concentrated,  but  it  cannot  be  obtained  in  a 

I       soUd  state  without  becoming  blue.     Indeed,  when  rendered 

qnite  solid,  it  is  quite  colourless,  the  deutoxide  Wing  converted 

into  molybdic  ucid.f 

0.  fhofpAalcd  deutoxide.  qf  taol^bdetuim.     When  muriatcd 

•  Bcncliti*.  Kong.  Vei,  Acwl.  llaadl.  t8U,  p.  l«a. 
i  ll>id.  p.  IJ3.  I  Ibid. 
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deutoxide  of  molybdenum  is  mixed  with  phosphate  of  amnumB, 
this  salt  predpitates  in  the  form  of  light  red  flocks.  The 
liquid  retains  a  yellowish  colour,  a  proof  that  the  salt  is  not 
quite  insoluble. 

WTjen  hydrated  deutoxtde  is  digested  in  phosphoric  add  ii 
Itmg  as  any  thing  will  dissolve,  a  superphosphate  is  obtained, 
which  by  spontaneous  evaporation  dries  into  a  red,  toogfa, 
ImisluceDt  substance,  not  in  the  least  crystalline.  Ammonit 
diwolres  this  salt,  assuming  a  red  colour ;  but  in  about  an  hoot 
the  liquid  becomes  muddy,  and  most  of  the  salt  &Ils  down. 
When  (he  ammoniacal  solution  is  exposed  to  the  air,  it  sow 
knn  its  red  colour.* 

4.  Jnatiatrd  dentoxide  of  molybdenum  is  obtained  when  tie 
Nwriated  deutoxide  is  mixed  with  an  arseniate.  It  has  a  gmt 
wadencT  to  become  blue,  even  when  left  to  spontaneous  en- 
pMaiiaa.  It  dksolres  in  caustic  ammonia,  communicadng  ■ 
deep  red  colour.  No  precipitate  falls  when  the  liquid  is  abu- 
isBMl  to  itself,  but  it  gradually  loses  its  colour.f 

&.  BoKottd  daOoxide  <^  moli^idenum  is  insoluble  in  watet. 
It  Ub  oC  the  colour  of  rust  of  iron  when  muriate  of  deutoxiile 
»  muMd  vidt  borate  of  ammonia.  When  hydrated  deutodde 
» <fiswtTvd  in  boilii^  boiacic  acid,  a  yellow  liquid  is  obtained, 
vUdi  Ml  coolimr  dcpodtes  the  neutral  borate.^ 

C  Sihtmlnl  dnOoxide  cf  mtolybdanim  is  obtained  when  flno- 
jfflMiwt  dMitoxide  is  decomposed  by  means  of  anunonii. 
\(~W«  it  B  ieA  for  some  dan  in  the  ammoniacal  solution,  the 
4r*iwm^  »  diai^^  into  molybdic  add  and  dissolred,  while 
^  sfikm  reaniis  b«hind.$ 

;.  C%rvmt0td  dndtwrdlr  t/  wulgUaam  is  soluble  in  water, 
«^  a  %^t  TieUow  ooJour.  The  stJation,  when  left  to  ^x»- 
imtiT  ^nfuration.  pjvs  yellow  coloured  needles,  whicb 
«V<r  r«2y  AW  twwie  whit*. 

.I'ly.i  I.  k  iwartirf  <cn*uadlr  finahnes  in  water  with  a  Imnni 
,-vw«r,  l^  fvi^vniaM  h  »  cmntted  into  a  ritreous-lookii^ 
Hywv.  ww».  wiiKft  »  «ttii  MhUe  in  water. 

\\ 'm«  4^i^tr  4C  ae  fnwtfiag  Mlsdons  B  mixed  with  anuM- 
TOfc.  1  ^MJviriwWP  MKitipinfifr  k  gn>-Bfa  yellow  floc^  in- 

S^   ^i.jmi   niiftliBirr-' -— '--^^  Y" — *r*"* This  is  the 

,l^^^i,«^  «iK  <ic  R»Ai£> — *  U«r  Hsner.  soluble  in  water. 
t>Nr  »*  «MiM«-  'rt  IVcvrSe.  ii  afpews  to  be  a  compound  <tf 

*  miiiiTi     >•>«  V«L  Jkal  a«L  !«a>.  p.  U7. 
«i,  sttML  sMi.  inwL 
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4  atoms  mfllybdiu  acid  ,         86  tvLXLVii. 

1  atom  (leiitoxulc  of  mulybdenum  8 

44 


The  result  of  the  experiments  wiw 

Molybdic  acid      ....         83 
Dciitoside  of  molylxloiiiim  .  17 


k 


KM* 


Tbis  amounts  to  about 

4'.'34  atoms  molybrUc  uc'id, 

I        atom  dcuCoxide  of  molybdenum. 

9.  Tiingstaled  deKtoxiftr.  of  mulybdeHum,  When  ii  Duxturu 
of  mutiatcd  dcutoxido  iind  tiin)r!>tii(o  of  ninmuiiiii  is  miidf,  Ok; 
ttolulioii  assume;!  a  iKvuitifid  jniq)!i.-  colour,  tnU  so  dt-cp,  ibiit  it 
ia  <>]i»()ue,  unli-.v*  in  very  thiit  layers.  The  colour  can  beswii 
til  nil  its  beauty  by  diluting  tlie  dilution  autHeictitly.  When 
the  concentrated  liijuiil  is  iiiixuil  with  wil  unimuitiuc,  tliv  ])ur- 
ple  coloured  niiitler  falls  ilown.  Tliis  msilvr  may  be  coHectiHl 
on  the  filter,  and  wii'slicd  tirst  uith  a  solution  of  i^ul  ammoniac, 
unil  tlien  tvitli  alcohol  of  the  sp.  gravity  0*86,  in  wliicii  it  b 
uot  soluble.  It  is  now  a  purple  coloured  mass,  uhicb  is  not 
altered  by  exposure  to  tlie  air,  and  u'bicli  is  completely  iinlubic 
in  water.  Tlie  sulniion  ^aduiilly  luitCN  its  colour,  in  coiiste^ 
qucnce  of  the  aciditicutinris  of  the  molybdenum.  Tliit*  !«.-ilt  !:« 
dccompoflcd  by  caiutic  soda,  deutoxide  of  molybdenum  being 
thrown  down.f' 

10.  Oxalulfti  ilrutiairlr  n/ mo^/bdenttm  is  soluble  in  water. 
TIic  crystuU  (>btuiric<l  by  Hpiuitfincoin  evnpomiion  arc  btui>>Ji, 
sbnost  bluek,  but  tbcy  diwivlvc  ttilb  a  red  colour  in  wal«-r. 
Ammonia  ibrou's  down  from  the  ^vlution  a  dark  tile-red  sub- 
mit, U'hicli  is  uot  redi&solved  by  an  excess  of  (be  ulkali.[ 

11.  AifUittd  liicutoxiilf.  of  imiii/lMtiMitm  U  precipitated  wlien 
tiiuriati.-d  deutoxide  is  mixed  willi  aceUdc  of  potiudi.  'I'licsiilt 
b»s  the  colour  of  deutoxide  of  molybdenum.  Hydruted  dent- 
oxide  dissolves  in  boiling  acetic  aci<l  witli  a  yellow  colour.  The 
solution  gelatini/es  on  cooling.  When  loft  to  itself  it  dries 
into  B  dark  brown  powder.$ 

1'2.  Tnrtnth'd  devloiidt  of  miltiMrnttm  dries  Elite  a  (Nile  red 
^uiDiny  mass,  which  has  a  gnat  teiideiicy  to  become  green  or 


•  Bcridiut,  Koi<^.  Vei.  AcsJ.  lUiiill,  IHU,  p.  171 
t  lli-d.  p.  I^N.  I  Ibid.  p.  IMP.  f  ItwI. 
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<^>-    limt.    It  H  Bot  pndptoted  I7  dw  aDnfiei^  bitt  fcm  with 
a  dnk  nd  nlnAioii,  wkkb  speedily  beeonet  colonileN 
cifiuii  Id  tibr  wr.* 
13.  J«Kiaafcrf  Ai^iiiir  o^  aoJ^iManBN  bdnrc*  yiniwly 
Bu  tk»  aerated  Bk.f 

StmoS  XLTIII. — SALTS  OV  MOX-TBDIC  ACtD. 

It  kos  been  for  some  time  known  Ami  nM^ybdic  acid  his  Ike 
pnfwrtr  of  nwbbiin^  witk  aods,  and  of  acting  iht  part  sf  • 
kaae :  bwl  the  onlr  peiMo  wbo  has  hhberto  examued  thoe 
cnapornds  b  Benetiv&f 

>I«1t1mKc  add  does  not  coadMne  with  water;  but  wte 
■ohbdw  or  IB  oxides  are  acidified  by  nitric  add,  tim  aai 
iBwiln  I  Bohrbdie  add,  and  when  dfluted  with  water  fasti 
Tdkv  cobar ;  bat  it  speedy  becones  mnddy,  and  depoaita 
tihbiBc  add  in  the  fbeia  a£  a  white  powder.  AVbrai  lids  pcc- 
dpiate  is  ■  aihi  d  and  dried,  it  is  a  while  matter,  iriiidi,  wha 
%ni«ed,  gives  oat  about  one  per  eocit.  of  water.  The  igmttd 
■■■s  »  soft  to  dte  tond^  and  aaj  be  ^read  npoo  the  skia. 
In  this  state  it  dissolres  eaaly  in  adds  and  forms  the  gems  rf 
ahs  which  it  is  dte  object  of  this  section  to  deacxibe. 

I.  Smlfk^ed  mmtgUit  arid.  MolybdieadddimotTeswilhl 
yelkw  ndoor  in  solphoric  add.  ^\'llen  tbe  solnti<»i  is  er^)^ 
rated  to  dtrnas  a  lenK»-yeIIow  matter  is  obtained,  a  part  rf 
which  only  B  ^ain  solnble  in  water.  When  it  is  e^msed  to 
the  air  it  deliqaesces,  and  the  crystals  prerioasly  fumed  di^ 
iftpear.  When  a  satsraied  solution  of  this  salt  is  Ixriled  with 
motvbdie  acid  in  excess,  we  obtain  a  milky  liquid,  whidt  geia- 
nniies  on  cotrfing.  and  deposites  ^ht  yellow  floch^  which  asf 
be  coosadervd  as  a  sobsnlphate  of  raolybdic  add.  It  is  paT% 
soIaUe  in  water,  bat  not  in  ^irits,  which,  bowerer,  give  it  > 
|ft««n  colour.f 

^  yUrale  <f  wnhfUie  acid.  This  salt  does  not  exist;  far 
nwJTbdic  add  does  not  form  any  cwnbination  with  nitric  ad^ 
which  can  be  obtained  in  a  si^  state. 

a  P)kwp*afc  ffmoipbdit  arid,  \\1ien  molybdlc  acid  iriule 
still  most,  is  put  into  phosphoric  add,  it  becomes  imme^fitfclj 
lemon-yellow,  and  th«i  is  dissolTed  by  the  aadstance  of  htsL 
The  filtered  solutioo  is  colourless,  and  when  erapw^ad  kans 

•  Bcndno,  XsBf.  Vet.  Aod.  Baad.  IKA,  p.  I59l       f  Ibid.  p.  IML 
I  Koag.  Tec  And.  HMtdL  ISi^py  IfiSi 
f  BcncUm,  iwL  p.  ITiX 
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a  tran8p«r(>nt  Umgh  nuuitt,  wliich  docs  iiot  cryttiUliie,  aitd  bos  shi-xlviil 
a  strong  nstriti^tit  taste.     It  dissolves  cauly  both  in  water  and 
spiriu.     Th<^  solution  in  spirits  bas  a  grvcn  colour;  when 
eraporaud  it  becomes  blue,  and  leaves  a  Imiwo  opaqu«  matter, 
whicb  dissolves  in  n-ater  witli  a  blue  colour. 

When  molybdic  acid  in  «xce)»  is  digested  with  phospltorlc 
acid,  a  lemon-yellow  Rubonlt  is  fonnc<L* 

4.  Arseniate  of  m<tlijliiiir  acid.  I'lils  salt  TonnMl  in  the  same 
way  as  tlie  preceding,  gives  a  tntnspnrent  eoluurle«i  solution, 
and  a  lemon-yclluw  subsalc.  When  evaporated  to  the  oon- 
Bbtencc  of  a  s)'nip,  it  crystallizes.  Spirits  decompose  the  crys- 
tal*, and  sepnrate  white  flocks,  which,  however,  are  aflerwitrds 
dissolved.  When  the  solution  is  e^'aporated,  it  become*  blue, 
and  does  not  again  cr)iitttllizr.f 

&.  Borate  ^molybdic  ikuI.  Boracic  acid  diaaolves  molybdic 
acid  when  a.<Mi.«ied  by  a  boiling  heat.  When  thore  i*  an  exccu 
of  molybdic  iicid,  tbi.'  matter  after  cvapumtioii  becomes  trans- 
parent and  adhesive  like  turpentine.  The  solution  becomes 
milky  on  cooling.  The  filtered  liquid  is  colourless,  and  gives, 
after  evaporation,  a  erystallijted  toluurlcss  salt.  Spirits  decom- 
poM  tlie  crystals,  separate  a  yellow  powder,  and  dissolve  boracic 
acid  witli  a  vory  small  quantity  of  molylKlic  acid.^ 

6.  Chromate  of  motifMk  acid.  Chromic  add  dissolves 
molybdic  acid  when  a^si^itiHl  by  a  boiling  heat.  Tlio  solution 
b  yellow.  When  an  excess  of  molyl>dic  acid  is  employed  the 
whole  is  converted  to  a  yellow  traiiKlucent  jelly.  Tlie  filtered 
solution  being  eraporated  leaves  a  jellowisb-brown  varnish. 
Water  decomposes  it  into  a  brownish  matter  eaaily  soluble, 
and  a  ligiit  yellow  powder,  which,  however,  may  be  again  ditt* 
solved  by  the  addition  of  more  water.} 

7.  Oxtdtiti-  of  iHi'lyMic  wid.  'llii^  salt  is  easily  obtained 
by  digmting  the  two  acids  together.  The  solution  is  colour- 
la*,  and  it  does  not  acfjuire  colour  even  when  an  excetts  of 
tnolylxlic  acid  is  employed.  By  evaporation  a  colourle«s  jelly 
i»  obtiiitied,  which,  by  farther  evaponitioii,  assumes  a  crystal- 
line form.  The  salt  dissolves  completely,  and  with  a  yellow 
colour,  in  spirits.  || 

8.  Achate  of  motybdic  acid  »  obtained  when  molybdic  acid 
19  boiled  in  acetic  aeid.  When  the  molybdic  acid  is  in  excess 
the  solution  is  opaque  aiul  milky.  The  liquid  by  con«entr&> 
tion  yieids  a  coIoiirleiM  jelly,  which,  by  torther  concentration* 

•  BetKliui,  Kong.  Vcl.  Acsd.  Hmdl.  IH85,p.  ITI. 

t  IbiJ.  t  Ihid.  (  Ibid.  g   Ibid.  p.  173. 
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(T  mmiiir  Tm  aaor  sbe  »nci^  aha.  m 

3W  OK-  «-  "aew  -Bii^  Xto  w=i  lUiKrru   i  iiiiiriw  il      It  tnU 

V    a«H!»k  -Jiff  win  IB.  "u    tta^npc  v  at  Aivm  e&aiacttn  br 

Tin  rMiLLBtnagJ  ailiie 

■-  -r»«i  ^ainiinri-  Jtat  »  at^ied  ta  a  soJntiaa  <if 
IT  ■——"■■  1.  noK  it^n^  7**-Y"**f  £iJls,  vUd  b 
Miuiu  IT  juinimnr  ksi;.  ;3iiKK3r  aewi.  and  wuer.     It  if 
n  -^ni^i.  rac  acmi-  ^3r>iw2  a^ra  bv  utric  or  Milpfcvne 
'5~itsi  n^a-i  11  r'nanoF  x  er^cs  oat  SB^ikaric  aad 
ax  -«^9E.  ani  jsn!  aivot  aac  'f^iiBi  J 

i.  y^irm  if  tttiujmi:  «^  n~kni  tame  an]  is  aiUed  to 
A  Mumtn  ic  "sm^Qtn  jc  wmmiwa  a  Icboo-j-cUov  |»vcqHlato 
9ilfi>.  'V^oa.  £  i  ;vaicv«ai£  4C  nicic  uid  ning^c  acick,  It 
fw»>™**  iL  viiKr  'vra.  i.  jwijiv  coloor,  and  is  ^ain  precqa- 

acTtox  i. — ijj-Ts  or  coLrxBic  acid. 
TV  Lxia»  K  o(iT»^ra■  pMK«s  ibe  diaiacters  of  acids; 
jnc  ;3>f  KTVxiK  ir  tvizimAic  acwl  would  appear,  fnm  tbe  ob- 
wTTiiaMitE  4C  Ektf^vn;.  w  be  enable  also  of  unidng  to  sobk 
K3K-  ^M  «■  MTBii^  a  ^miBs  <rf'  salts  still  almost  unkiMnni. 
The  m2j  =ae«s.  i«^>f«ii:^  ihem,  with  which  I  am  acquainted, 
»eAefMimiaf: 

•  BcneiBt.  K«^.  Tet.  Acad,  fbadl.  I8Z5,  p.  172.        f  n>i<l-  p-  1^3. 
]  KM.  i  Bcndiut.  |  Ibid. 
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1.  SutjiAate  (ifcolMmbic  acid.     Tliis  suit  may  be  obtained  by    «■••  "■ 
(liwolviug  vuliimbic  acid  in  flulpliuric  acid.    WhIlt  prcnpitab^  — ^^^— 
from  llip  solution  the  cobimbic  and  still  united  widi  a  portion 
of  sulplmric  acid  and  aiialo^mu  to  a  subsalt.* 

'i.  Phosphate  of  rv/utiihir  arid,  Columbic  add  and  [>bo8- 
pboric  acid  may  be  m<-ltcd  together  into  a  colourless  glaui^-)- 

S.  Hora/r  of  columbic  acid,  llorncic  aci«!  aii<t  mltinibiv  acid 
may  bi>  fused  together  into  a  trniiHpan-nt  colourless  )^lnss4 

4.  THngttale  of  columbic  arid.  It  appears  from  the  ohser- 
vattons  of  Oalin,  Benceliit!*,  and  Eggerty,  that  tbis  Milt  may 
be  formed,  but  no  description  of  it  bas  been  given. 

8KCTIOK  LI. SALTS  OF  TITANIC  ACID. 

Tlio"Kb  titanium  fornix  two  cum bi nations  witli  oxygen,  yet 
it  w  only  ibc  peroxide  or  (iuinic  acid  tlial  lias  yet  been  itMn- 
bined  with  acids,  and  of  these  wc  only  know  a  very  few  and 
these  imperfectly. 

II.  Till-  chanieteriitic  property  of  solutions  of  titanium  in  ctuivutk 
IcitU  in  the  bulky,  dark,  rcddiidi  brown  prccipilale,  n'bicli  tails 
on  the  addition  of  infusion  of  iitit-gnlls,  similar  in  appearance 
to  euugulated  blood. 
S,  Titanic  acid  is  precipitated  from  its  solutions  by  aminoniit. 
The  precipilattf  is   very   bulky  and   *iinilar   to   alumina   in 
appearance,  but  contructx  much  in  size  when  dried. 
K     !).  It  is  tliToun  down  ftom  its  solution  in  acids  by  boiling. 
VBut  the  precipitate  cannot  bo  washed.     When  we  collect  it 
on  a  filter  the  liquid  passes  colourless  as  long  an  it  is  acid,  but 
when  it  i>ei-omeH  ]>ure  water  it  asenmes  a  milky  appeuranre, 
and  ibe  whole  titanic  acid  puswn  along  with  it  through  the 
filter.     When  the  solution  contains  Kirconia  Ibe  whole  titanic 
»ci<)  cantiot  be  sejiaralcil  by  boiling. 

4.  Titanic  acid  ts  not  precipitated  by  sulphuretted  hydrogen 
giis,  nor  by  hydrmulphuret  of  lunmnnia  aihted  in  exctsw. 

A.  Wlien  a  ro<l  of  tin  U  plunged  into  a  solution  of  litiuiium, 
tlic  liquid  around  it  gradually  aisiiinM  a  fine  rod  colour.  A 
roil  of  xine,  on  the  ottier  hand,  occasions  a  deep  blue  colour.} 

1.  Sn/>ersu//>/iiitr  nftitanir  acid.  It  may  be  formed  by  mix- 
ing together  1  part  of  sulphuric  acid,  }  part  of  water,  with 
titanic  acid  in  fine  powder  and  recently  ignited,  and  digesting 
till  the  water  i«  dissipated,  then  apply  a  heat  sufficient  to  dnvc 

•  BcRclilu.  t  UiclwrE-  t  ">><'■ 

i  KUpnMh^  Bdltagc,  i.  i!3:i. 
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BV^SwCd   SiCO  pUFC   htlBlf 

I  t 

7-78     .       7-56 

-*«     .     76-50 
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.       47-25 
10*125 


02-375 

Nitric  add  dJaaolrea  hydntel 

•f  the  whtioo  has  not  been  delcr- 

'  erntak  ofaenml  b]r  Kl^noth  wetc  boI 

I,  bat  wne  deriredfiomtheilkifi 

■4.  P^Mfitti  ^ti^mie  acid.  This  oonpomH)  nay  be  lit- 
ooDtK  W  kOEs^  phwphnrir  add  to  a  flolndon  of  titanic  add 
n  ^nraoc  acki.  It  fndpsiates  in  balky  white  Aodo,  rnAtUt 
Wa  ■■  tm  uDcos  «f  p^oophoric  acid  and  of  muriate  of  titaaie 
adii.     W^mAifd  it  iia^iua  memrtter  having  crowideiable 

&.  Jt'  aai'a*  cfhtaKic  acid.  When  snenic  add  ii  dniffied 
nwawiirwyat'iinnicand  in  an  add,  white  flocka  are  thnva 
siHuiu  in  appeaiance  to  almaina,  and  whidiwhen  driad 
'  a  gfittcfii^  glaay-fike  substance.  It  is  sohihle  in  M 
exeew  of  anenic  acid,  as  well  as  of  the  dtanic  add  ■olution.f 

£.  Ba^-oamlatt  cf  tiioMic  add.     When  an  add  aolntioa  <f 

titBaic  add  is  heated  with  oxalic  add  a  cbeesy-ioddnff  pnd- 

piutc  &Ib.     When  dried,  it  has  the  proper^  of  leddeniif 

•  B.  Bon.  f  \ 
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moist  litmus  paper.     'I'liis  salt  is  sulubk-  both  iu  ui  excess  of   "^  "'• 
oxalic  acid  and  of  th«  titauic  solution.* 

Aoconliiif;  to  tlie  analyua  of  H.  Rose,  tli«  ctmstituents  of 
this  nit  arc 

Oxalic  acid  .         .         .         10-40 

Titanic  acid  .        ,         .         74-16 

Water  .         .         .         16-44 


100-00 


Tliis  approaches  very  nearly  to 

^^  1  atom  oxalic  acid  .  4-5 

^^L  6  atoiDH  titanic  acid  31-5 

^^^^  6  atoms  wator  6*75 

KiP  42-75 

7.  Atftatc  of  litaRie  add.  A  gelatinous  incrystalUzable 
matter. 

8.  Tartrate  qf  titanic  acid.  Obtained  by  precipitating  rauri- 
8te  of  titanic  acid  by  tartaric  iiciit.     It  m  Miniiiir  in  iin  nppear- 

^»^ce  to  the  hoxoxabtc  of  tiluiiiiini,  but  when  heated  to  redness 
in  a  covored  crucible  it  is  converted  into  u  black  metallic  pow- 
der. When  tartaric  acid  is  added  to  nn  acid  solution  of  titanic 
acid  in  such  quantity  at  not  to  produce  a  precipitate,  neither 
ammonia  nor  ita  carbonate  are  capable  of  tlirowing  down  any 
thing  from  tlie  liquid. f 

9.  (iailate  t^f  titanic  acid.  Sublimed  gallic  acid  strikes  a 
jelJow  colour  with  muriate  of  titanium.  By  degree*  a  brown- 
iah  precipitate  falb. 
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SECTION  Lll. — OF  COHPOUKD  OXYOEK  ACID  SALTS. 

In  the  preceding  sections  an  account  has  been  given  of  the 
different  simple  oxygen  acid  nits  so  far  as  their  properties  luive 
been  iavestigsted.  But  there  are  several  of  these  simple  salts 
that  have  the  property  of  combiuing  with  each  other,  and  of 
fonniiig  a  new  class  of  salt*,  to  which,  of  course,  the  name 
ooa^posMrf  mll»  may  be  given,  llius  sulphate  of  i><>ta.'ilt  and 
mlpfaate  of  ammonia  unite  together,  atom  to  atom,  uixl  form  a 
D«w  compound  salt  which  has  been  called  amtixmia-tuIfihaU  t^ 
Such  salts  arc  very  numerous,  amounting  at  present 
nearly  200,  and  doubtless  the  number  will  very  much  in- 
',  aa  tlie  attention  of  chemitU  is  turned  to  such  invcatiga- 

*  Loojiicr  and  II.  Roic. 

\  H.  Ituoc,  roggcDdorf'i  Annakn,  in.  1SA> 
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lions.  Doubtlewt  wtieii  sucli  combinations  take  place  on«  of  the 
salts  acts  tlie  purt  of  Hti  acid  aiid  the  other  of  a  fttur,  thouf^  itj 
would  not  bo  ousy  lu  tbu  prcsi^nl  Mate  of  our  knowlrd^  14  { 
(li'termine  wbich  is  ibc  nciil  ami  uhicli  the  alkalL  Most  of  iW ' 
compound  salts  at  present  known  coiiHist  of  tbc  union  oftnj 
Biitt^  having  the  asme  acid  each,  though  llterc  are  a  few  in ' 
which  tlte  adds  differ  as  well  as  the  bases. 

In  describing  the  compound  salts  I  shall,  in  the  finti  placv^j 
give  ail  account  of  those  in  which  one  acid  exiotji  united  to  tnai 
bases,  and  then  of  the  few  at  prcjtent  knowTi  in  wbidi  botfa  tLr 
acids  and  bases  are  ctiffcrent.     A<  (he  nuinlK^r  is  so  great  aau 
require  subdivision,  I  shall  arrange  them  according  to  tli«  aat 
existing  in  each,  and  make  the  base,  hyputhctically  consldprr^'fl 
an  ecmslitutitig  Uie  alkali  of  the  salt  which  constitutes  llie  uil 
of  the  coinjiuund,  the  fminilation  of  a  farther  ctiibdi vision. 

I.  Ci/mjwtind  snlU  tif  sttiphmric  aeid,  ™ 

These  amount  nearly  to  50,  constituting  nliuutone-fourtlo/ 
all  the  compound  nail.'*  at  present  known.  They  mav  be  fd^ 
divided  into  7  «ets,  according  to  the  nutitre  of  the  htfuw  o(Ai 
hypothetical  acid  salt.  This  base,  for  the  sake  of  diMtnetiiMh 
is  always  pKaced  before  the  name  of  tlie  acid  in  )^\-ing  an  apprl- 
lutioii  to  the  salt. 

I,  Ammonia-miiihatt*. 
I.  AmmoniorsuIfAate  <if  potash.    Tliissalt  was  first  dc 
by  Link,  in  1796.*     It  is  easily  formed  by  dissolving  sulphaie 
of  pniaili  iind  Nulphnte  of  ammonia  in  water  in  atomic  pr 
tioTis  anil  evaponiting  the  solution.     Itcrj'stalli/es  in  beautiM] 
tnuispurent  jtrisms  with  square  baaes.     The  taAte  is  bitter,  tbe 
specific  gravity  '2-64,     100  parts  of  water  dl.'^Milve  I3-68  forti 
of  this  salt  at  the  temperature  of  til".     It»  constituent*  are 
1  atom  sul]>bate  of  potash        .         ,        1 1 
I  atom  sulphate  ofammonia     .         .  7-I&S 

4  atoms  water  .         .         .  4.5 


2.  Ammonia-Mlphale.  oftoda.  This  salt  was  likewise  fint 
described  in  179fi  by  Link.J  It  may  be  fonned  by  dinwlriui; 
sulphate  of  soda  and  sulphate  of  ammonia  in  atomic  proportioiM. 
and  crystattizing  the  solution.     'ITie  cryBtab  arc  tran^iarttM 

•  Crell's  Ann.-ilen.  1?9(>,  i.!9,         f  First  Principle^  fi.  417. 
X  CkII'ii  AnnHlen,  KHe,  1.  30. 
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oblique  prbmn,  witli  rlioinboidal  tHuea.     Its  tust«  U  piingont 
and  I>itt«r,  it  d<K>i  not  pfl!ore!<ce  in  tlH>  uir,  atid  contains  Icm 

Ivater  than  sulphnte  of  soda,     lu  constituenh  arc 
I  atom  »>ul|iIiato  of  Bodn  .         ,         0 

T  I  atom  siii|)li;itv  of  uinmonla     .  .  7*125 

f  fi  atotm  vntCT  .        .  B-75 

22-875 

3.  Ammoain-anlphate  o/filkta.     Thin  wilt  wis  first  described 
hy  Arfredsoii.     It  cryiilallizM  in  t)d>lo«,  is  easily  soluble  in 

I      water,  and  wlipn  lit'iilcd  leave*  ^iilpbntc  of  lilliia. 

4.  Ammimin-tuliihrile  qf  moffnegia.  This  salt  may  be  rormed 
by  dissotring  its  two  constituents  i»  water 
in  the  atomic  proportions  and  concenlnit- 
ing  tlie  solution,  it  cryHtsllizcs  in  Itirgc 
IransjKirpnt  crystal.*,  which  ur*  obli(|ue 
rliomliic  iiriHrnt,  of  tlie  fijiuro  given  in  the 
m.irgin.  'l*lu-  following  are  tin-  int-ii^nrc- 
inrnu  Bs  determined  by  Mr.  Brooke," 

IPon  Mor  M'     .         .         104"  45' 
Pen  core'  154   40 

Ponjf  .         ,         135    40 

Pone  .         ,         115   30 

M  on  M'  ,         .         109   30 

MonA-  .         .  125    15 

The  orj-stals  are  not  altered  by  exposure  to  the  air.     The  salt 
has  a  bitter  taste,  and  a  specific  gravity  of  1-721.     Itdiswlvea 
'     readily  in  u-alir,     lit  coiistitueiitR,  by  my  analysis,  are 
I  1  atom  sulphate  of  ningne«iu    .  7*5 

^V  1  atom  sulphate  of  ammonia     .  7-I25 

H  7  Moa»  water         ....         7-875 

^^  22-3+ 

According  to  Mitcherlich,  it  contains  6  atoms  of  water. 

5.  Ammonitt-guifthatr  of  alumina  oT  amtnoniaeal  atntn.  Alum 
is  a  com]H>uiid  of  three  atoniM  sulphate  of  alumina  with  one 
atom  of  stJphate  of  potash,  sulphate  of  soda,  or  sulphate  of 
ammonia,  and  a  certain  portion  of  water.  The  common  alum 
of  this  country  contains  sulphute  of  potash,  but  in  France  sul- 
phate of  ammonia  is  frei^uenlly  substituted,  eonstituliug  am- 
moniacal  alum. 

•  Annals  of  PUHowphy  (M  *tA»),  vA.  I  IT. 
t  Pirn  PrinriplM,li.  41ft, 
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ClM*L 


It  u  a  tnuupareut  saltt  wkidi  crystallizei)  in  regular  Mt^ 
liedrons.  Its  taste  is  acid  and  astrinj^eut,  and  it  reddeoa  rtfh 
table  blues.  At  tl>e  temperature  of  60',  100  part»  of  walw 
dissolve  9-37  parts  of  litis  alum,  but  it  is  much  more  scdobleni 
boiling  water.  When  lieutnd  it  bwc11»,  loses  its  water  of  «t»- 
tallixatioD,  and  is  converted  into  a  whit«  mass  usually  calM 
huriU  aium.     A  stroDg  red  lieat  drives  off  the  whole  sulpkaik 


acid  and  sulphate  of  ammonia,  and  leaves  pure  alumina. 

conMitueuts  of  tbis  lalt,  by  my  analysis,  are 

1  atom  sulphate  of  ammonia     .         .         7*126 

8  atoms  sitlpltatc  of  alumina  .       21-7& 

S6  atoms  water        ....       '28- 125 


TV 


57-0 


The  Mune  salt  has  been  analysed  on  the  continent,  and  (band 

to  contain  only  24  atoms  n'ater. 

6.  Amaxmia-lrifHlplutlf  of  tdamina.     Kiffiiult  informs  at  tlat 

when  a  boiling  hot  solution  of  the  preocding  salt  is  preciplMeJ 

by  the  slow  addition  of  ammonia,  a  white  powder  &lls,  whU 

is  a  compound  of 

1  atom  sulpliate  of  ammonia     .        .         7*135 
3  atoms  trisulphalc  of  alumina  .       35-350 

9  atoms  water       ....         10*125 


52-5' 

7.  Jmnxmia-tHlphate  <^inm.  This  salt  is  obtaineii  by  stii- 
ing  soludons  of  sulphate  of  iron  and  sulphate  of  ammonis  n 
the  atomic  proportions.  The  colour  is  a  light  green,  and  1^ 
shape  of  the  crysUtU  is,  according  to  Mitcherlicb,  the  WM  M 
tltat  of  ammuiiiu-stilphatc  of  magnewu  lis  constituent*,  ac> 
cording  to  the  unulysis  of  Mitcherlicb,  ore 

I  atom  sulphate  of  ammonia        .         .         7-125 
1  atom  sulphate  of  iron  .         9*5 

6  atoms  water  .  9*0 


I 


25*625 

&  Ammonia- sujpkaii^  pervxiiie  t^firon.     Tim  salt  has  been 
lately  described  by  M.  Maus.     It  may  be  formed  by  addiDi 
ammonia  cautiously  to  a  solution  of  sulpliatctl  peroxide  o^h^h 
and  leaving  lite  liqui<l  to  spouUineousevn)>unttion.     The|^^| 
tals  arc  regular  six-sided  prisms.     The  colour  is  yellow,  and 


■  Ann.  de  Chim.  ct  de  Phys-  xrl  3i9- 


AMMONIA-SITLFHATE!!. 

it  (ii(»olrc«  in  12-4  times  in  wcigiit  of  colli  wntcr.     Its  consti- 
tuents, according  to  llie  iirmlyKU  of  Mtiu,  are 

8iiIplMinc  acid     "       .        ,         .         .  4920 

Aininoiiiu                    ....  10-30 

Pen>xid4!  of  iron         .         .         .         .  23* 75 

Water                      ,        .        .        ,  10*75 


lOO-OO" 


TKia  is  oliviou-ily  etjuivulrnt  to 

1  atom  siil|itiiiti>  of  tuninoniu        .         .  7-lSd 

1  atom  Nul[il(alr<t  peroxide  of  iron        .         10 


r 


3  atoms  n-atcr  .         .  9*375 


20-5 


i>,  Ammonia-seijuisuiphaltd  peroxide  t^  iron.  Tliis  siJt  was 
fiiM  prepared  by  Mr.  Cooper  of  London,  but  it  was  Dr,  Forcli- 
ItomAier  who  first  pointed  out  ita  compoitition,  and  Hidtjectcd  it 
to  anaiy^i!».f  It  \*  ciuily  pf(-|<ar«c1  by  mixing  solutions  of 
»esqutsul]>lia(c(l  pvroxido  of  iron  nnd  sulplialc  of  ammonia  in 
tJie  pn>iH>rti<i(k«  of  two  integrant  fuirliclv!!  of  lh<;  formor  to  one 
of  the  Ultcr,  nnd  nfu-r  conccntniting  the  mixture  Komnwltat, 
vetting  it  aside.  The  new  salt  crj'sUillizes  in  regular  octaiiv- 
drons.  It  is  white,  and  has  much  of  the  tnstc  and  iippi-urancu 
of  aliim.  It  diiisolres  in  about  tliroe  times  iu  weight  of  water 
nttlic  temperature  of  GO*.     Ibi  constititenlii,  by  my  analysis,  are 

S  atoms  M-sijuiMdpL-kti-il  peroxide  of  inm        .         35 
I  Bttun  sulptiBlv  of  lutuuunia  .         .  7-135 

*i5  aiwns  watn-  .        .        -id*  125 


C0-->5 


10.  Ammoma-sulffhtUe  nf  nuttiefmteae.  This  salt  is  obtained 
when  sobitioiH  of  sulphate  of  manganese  »n<l  siilpluile  of  ammo- 
arc  mixed  in  atomic  proportions.  The  crjstais  Itave  alight 
red  colour  and  the  same  form,  according  to  Mitcherlich, 
■R  that  of  ammonia-ttulpliiite  of  m:igiie«ia.  They  dissolve  easily 
ui  wnt«>r,  and,  according  to  John,  deliquesce  in  a  moist  atmo- 
sphere. The  specific  gravity  is  l-M,  The  oonsiituenta  of 
Uiia  mlt,  according  to  my  analysis,  are 


IV  UV4I 

^B  nia  a 


L 


■  Poggcndcirf's  Aonalen.  xL  79. 
t  Aaiuti  oT  PliiliMophy  (mmwI  scriD*).  f.  ¥fk 
II.  3  c 
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blue.  It  is  not  precipitated  by  the  alkaliea,  but  forms  vith 
them  a  dark  red  solution,  wkicli  sp««(lily  b«oomet  colonrlecs 
wlien  exposed  to  the  air.* 

13.  Succinated  detttoxide  of  molj/bdenum  belt&ve«  precisely 
like  tlie  iicetated  salcf 

SECTION  XI,VI1I.~-8AI,TS  OT  ftloLYBDIC  ACID. 
It  liM  biH'^n  for  iwinf  time  known  tliat  molybdic  acidhutb* 
property  vf  combiiiiiijr  uitli  ncitU,  and  of  acting  tlte  part  of  ■ 
base ;  but  tlic  only  pcr»on  who  ba*  bitherto  exanuued  th«ae 
compou»clH  is  Bc^z<^lius.t 
chuKUfi  Molybdic  add  does  not  combine  wltli  water;  but  vhea 
molybdenum  or  its  oxides  arc  acidifivd  by  nitric  acid,  tbi«  «cid 
dtsHolvea  molybdic  acid,  and  when  diluted  with  water  hm  • 
yellow  colour ;  but  it  speedily  becomen  muddy,  and  depostm 
molybdic  acid  iu  tbc  form  of  a  wliite  powder.  When  this  pre- 
cipitate is  waslicd  and  dried,  it  is  a  white  matter,  which,  wbea 
ignited,  gives  out  about  one  per  cent  of  water.  The  ignited 
IDMB  is  sofi  to  the  touch,  and  may  bo  vprea«l  upon  the  skin- 
In  this  state  it  di&»olves  ea&ity  in  acids  and  forms  the  geuiu  et 
ssltH  which  it  is  tlie  object  of  this  section  to  describe. 

1.  Stdphated  motybdic  acid.  Molybdic  acid  disNolveswitha 
yellow  colour  in  sulphuric  acid.  M'lien  tlie  solution  in  e\-npo- 
nted  to  dr)'nc«s  a  lomon-yelluw  mutter  is  obtained,  a  port  ^ 
which  only  is  again  soluble  in  water,  When  it  is  exposed  to 
the  air  it  deliquesces,  and  the  crj'stals  previously  farnted  di»> 
appear.  \\'hen  a  sacurated  solution  of  this  salt  ts  boiled  with  | 
molybdic  acid  in  excess,  we  obtain  a  milky  liquid,  which  pAf 
tinizes  on  cooling,  and  deposites  light  yellow  flocks,  which  tasy 
be  considered  at  a  subsulpliatc  of  molybdic  acid.  It  is  partly 
soluble  in  water,  but  not  in  spirits,  wliicli,  however,  give  it  ■  ^ 
green  colour, $ 

2.  Nitrate  of  molybdic  acid.     This  salt  does  not  exist;  fiif  j 
molybdic  acid  doeK  not  form  any  combination  with  nitric  odd) 
wluch  can  be  obtained  in  a  solid  state. 

3.  Photphede  iff  molybdic  acid.     When  molybdic  add  while  ' 
still  moist,  is  put  into  phosphoric  acid,  it  becomes  immediately 
lemon-yellow,  and  then  b  dissolved  by  the  as&istance  of  kcat. 
The  filtered  sotutiou  is  colourlesa,  and  when  evaporated  leam 

■  Bcnetiua.  Kong.  Vat.  Aewl.  Hand.  INSa,  p.  I&9.        f  DiM.  p.  I«a 
I  Kong.  Vet.  AcaiL  ftadl.  \%1!>,  p.  149. 
4  Brnirlius,  ilnil.  p.  170. 
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a  transpsrent  tough  tiuuis,  vliich  does  not  crystallise,  and  lias  s«i-xl»ih. 

a  strong  astringent  tast«.  Il  diasolveii  eauly  bolt  in  wut^r  aiid 
^  Kpirits.  TIio  solution  in  spintti  has  a  green  colour;  when 
B  «vaporat«d  it  becomes  blu«>,  and  li-aves  a  brown  opnquc  matter, 

which  disftolvea  in  \t-at<-r  witli  »  blti«  colour. 

■  \\'lii'n  molylxiic  uctd  in  cxcctw  is  digextcd  with  phosplraric 
add,  u  letnon-ycllow  submit  is  formed." 

4.  Arsmuitf- of  trtoifibdic  acid,  ThU  Nilt  formed  in  the  sanifl 
way  as  the  preceding,  gives  a  transparent  i:olourless  solution, 
and  a  lemon-yellow  subsalt.     When  evaporated  to  tbfi  con- 

tabtence  of  a  sj'nip,  it  crystal li/c*.  Spirits  decompow  ihi-  <TyB- 
toU,  and  separate  white  flcick^t,  whitli,  however,  are  nftrrwards 
dissolved.     \Vlien  the  solution  is  «vnpontte<l,  it  I>ceonica  blue, 

_  aiid  docH  not  ngnin  cr)'stallizc.f 

H  5.  Borate  f^  ittol^xiic  aeid.  Boracic  acid  ditisolve«  molybdlc 
acid  u'hen  ciTuti^ted  by  a  boiling  beat.  When  there  is  an  excess 
of  molyl>dic  ncid,  the  matter  after  evaporation  becomes  traiis- 
paient  and  adhesive  like  turpentine.  The  solution  becomM 
milky  on  cooling.  The  Hltcnil  Ii<|ui4l  \*  colourless,  and  given, 
af^r  evaporation,  a  crystuUixcd  colourless  salt.  Sjiirits  dt-com- 
pose  the  crystals,  separate  a  yellow  powder,  and  dissolve  borucio 

H  acid  witli  a  very  small  tjnanlUy  of  raolybdic  acid.^ 

^  G.  Chrontate  t>f  mtJybdK  acid.  Chromic  acid  dissolves 
nolylMlic  acid  when  assisted  by  a  boiling  heat.  The  solution 
U  yellow.  When  ao  excess  of  molybdic  acid  iit  employed  tlie 
wlrale  is  eooverted  to  a  yellow  tnuisluci-nt  jelly.  'Hie  filtered 
solution  being  evaporated  leaves  a  j>  olio  wish -brown  vumitth. 
W'ater  decomposes  il  into  a  brownish  matter  easily  soluble, 
and  a  light  yellow  powder,  whicli,  however,  may  be  again  dis- 
solved by  the  addition  of  more  water.§ 

7.  Oxalate  t^  motj/bdic  acid.  This  Kilt  is  easily  obtained 
by  digesting  tlie  two  acids  together.  The  solution  is  colour- 
less, and  it  does  not  acquire  colour  even  M'hen  an  excess  of 
molybdic  acid  is  employeil.  By  evaporation  a  eolourlesi  jelly 
is  oblaineil,  which,  by  farther  evaporation,  assumes  a  crystal- 
line form.  The  salt  dissolves  completely,  and  with  a  yellow 
colour,  in  spirits.  || 

6.  Acetate  of  molgMic  ticitt  U  obtained  when  molybdic  acid 
is  boiled  in  acetic  acid.  When  the  molybdic  acitl  is  b  rx«««B 
the  solution  is  opaque  and  milky.  The  liquid  by  coucciitnip 
tion  yields  a  colourless  jelly,  which,  by  fortber  cuncentiationf 

•  ItcrMtuis,  Kotig.  Vet.  Acad.  Haodl.  \H^^,  y.  |7I. 

t  IbiO.  I  U'id.  $  Ibid.  I  IbiiL  p.  I7X 
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°"'-  and  in  sulphuric  add  wheo  assisted  by  heat.  When  nitric 
acid  is  boiled  upon  it,  the  substance  is  decomposed,  and  a  black 
matter  remains.  It  is  insoluble  in  acetic  acid,  and  very  slightly 
soluble  in-  phosphoric  acid.  It  is  decomposed  by  being  boiled 
in  a  solution  of  the  fixed  alkalies.  When  heated,  it  is  decon- 
posed  with  a  kind  of  imperfect  detonation.  Mr.  K.  Davy  did 
not  analyze  it  with  precision,  but  infers,  from  ao  ezperimeDt^ 
that  its  constituents  are 

Oxide  of  platinum  .         ,  70 

Sulphate  of  ammonia  and  water      30 

100 

19.  Ammoniasulphaie  ofpenxeide  of  uranium.  This  sail  ii 
obtained  by  mixing  together  solutions  of  sulphate  of  '■"'"'™'* 
and  sulphated  peroxide  of  uranium  in  the  atomic  proportioni, 
and  concentrating  the  solution.  It  is  a  yellow  salt,  easilf 
soluble  in  water,  and  reduced  by  a  red  heat  to  the  state  oT 
protoxide  of  uranium. 

20.  Ammonia-sulphate  of  iron  and  zinc.  This  salt  wa 
obtained  by  Tassaert  in  his  processes  for  obtaining  cadmiuia 
from  the  metals  which  always  accompany  it.  The  alloy  ttta- 
taining  cadmiiim  was  dissolved  in  sulphuric  acid,  and  a  portin 
of  ammcnia  w.is  added  to  the  solution.  As  long  as  there  m 
a  considerable  excess  of  acid,  nothing  was  precipitated  by  As 
zinc  but  cadmium ;  but  when  the  acid  was  nearly  satunted, 
small  transparent  crystals  were  deposited  on  the  zinc  "Hey 
are  hard,  and  pretty  soluble  in  water.  The  shape  is  the  same* 
that  of  the  variety  of  alum  called  by  Haiiy  primitive  aegma- 

forme.     I'hese  crystals  were  analyzed  by  Tassaert,  and  Anud 
composed  of 

I    atom  ammonia-sulphate  of  iron  16*625 

I    atom  sulphate  of  zinc      .         .  10*25 

6J  atoms  water  .         .         .  7'3125 


34- 1875* 


2.  PfOetsh/'WdphaieM. 

T.  Potash-sulphate  of  magnesia.  This  salt  was  fint  de- 
scribed by  Link.  He  formed  it  by  saturatiD^  supeiBQl|d*tB 
of  potash  with  magnesia.  Berthollet  formed  the  same  s^t  \sj 
mixing  together  equal  solutions  of  sulphate  of  potuli  vA 

*  Ann.  de  Cliim.  et  de  Pfajs.  xxiv,  100. 
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'inunate   of  tnagnesiii,  and   craporating   the  mixture,     7*lic 
shape  of  the  cryiatul  m  nmilar  to  timl  of  aininoTiia-)iiil]>Iiato  of 
magiioNtii.    'IIh-  tiww  iswfak,  but  Heiisilily  bitlor.     lit  specific 
gmrit)'  u  *i-l  t'i.    It  i§  not  altered  by  cxpoauru  to  the  air.    lla 
hconfttitiicnts,  by  my  analysis,  ar« 

I  atom  iiiilj>l>ate  of  putanh        ,  1 1 

I  atom  ^ulpliiilc!  of  inagn««a  .  7-5 

7  aloiufl  water        .         .         ,  7*875 


'26-37S 
2.  Polath-gntpKa/e  of  aiumirta,  or  common  alnm.  The 
'•rvsnijici  of  the  Greeks,  and  the  aitftncn  of  tlie  UoniaoN,  was  a 
Nnstive  iubittAiice  whicli  appears  to  have  been  nearly  related  to 
grttH  vitriol,  or  suJ/i/mff-  nfinm :  and  wbidi  coiMc<jii«iuly  wiiH 
vor)'  diffen-nt  from  uhat  wo  at  pre.Mint  tlviioaiiiiiiii*  aium. 
From  the  researches  of  IVofewor  IVekman,  it  appvurs  thatwe 
owe  the  discovery  of  ainm  to  ihc  Attiutini;  but  at  what  period, 
or  by  what  inciins,  tlte  di*covery  was  iiuide,  is  alto^tber  un- 
known. It  continued  to  be  imported  from  tlic  vast  till  the 
15lli  centur)',  when  u  numlH-r  of  alum  workt  wt-re  established 
in  Italy.  In  the  lliih  century  it  was  nuiniifuctured  in  Ger- 
many and  S]Muii ;  and  during  Queen  Eltuibeth's  reign  an  alum 
work  was  established  in  Knglan<l  by  Thomas  Cludomer.  The 
nlum  of  commen-f  is  usually  obtained  from  native  mixtures  of 
pyrites  mid  clay,  or  sulpiniric  acid  and  clay. 

Bergman  has  ptiblii^ietl  a  very  complete  disKcrtation  on  tbe 

srocess  usually  followed.*     'i'lie  Mirth  from  which  it  is  pro- 

-cured  is  a^ually  called  a/ian  sfatr,  because  it  i»  slaty.     Its 

colour  is  blackish,  because  it  contains  some  bitumen.     In  moot 

oases  it  a  necessary  to  burn  it  before  it  can  be  employed ;  tliis 

^lIs  done  by  means  of  a  slow  smothered  fire.     Somctiines  long 

^HXpofture  to  the  weather  b  aufiicicnl  (o  produce  an  efflorescence 

B«f  alum  on  the  surface.     It  b  then  lixiviated,  luid  tlic  water 

"  coneentruted  by  evaporation,  and  mixed  with  putrid  urine,  or 

muriate  of  potash;  cr)-staU  of  alum  and  of  sulphate  of  utut 

wnialiy  fimn  It^lber. 

The  conijMisition  of  alum  luia  been  but  Uilely  understood 

rith  acctimcy.     It  has  been  long  known,  indeed,  ilmt  one  of 

its  ini^roliciitti  is  snip!. uric  acid  ;f  and  the  experiments  of  Pott 

lid  Margiulf  proved  iiicuntoitibly  tlial  ulumijia  is  anulhei  iu- 

•  Oputc.  J.  XJ9. 
1       f  8oiii«  choiiiUls  hfltc  llioii);l>l  proper  to  rail  llie  «ul[>hiiric  nciil,  ublalned 
Lbjr  tUttilling  uliiiii,  ipinl  of  alitm. 
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gredient.  But  sulphuric  acid  aiid  alumina  ore  incapable  tt 
forming  alum.  Mnnufactums  knew  tliat  the  tuldltion  ofi 
(liuinlity  of  potash  or  of  ammonia,  or  of  some  subMsnce 
({kitiiiig  these  alkuHcH,  is  ultnost  always  necessary :  and  it ' 
prored,  that  in  every  case  in  whidi  such  additions  are  uiii 
ccssary,  tJic  earth  from  which  the  nliim  is  obtained 
already  a  quantity  of  potash.  Various  coDJccture.i  wore  i 
about  the  part  which  potash  acts  in  this  cose ;  but  Vauqurlis  * 
and  Chaptai  f  appear  lo  Ikave  been  the  first  chrnuMs  that 
ascertiuned  by  decisive  cxjierimenls  tliac  alum  Ik  n  doapte  tidl, 
composed  of  sulphuric  acid,  alumina,  and  potatdi  or  amnoiiii, 
united  together. 

Aluin  cryslallizeit  in  regular  octahedrons,  consisting  of  two 
fourtsided  pyramids  upptivd  liiise  to  base.  The  side*  are  tffA- 
latcntl  trmnglcs.  The  form  of  its  inicgrant  particles,  acoonl- 
in^  to  Haiiy,  is  the  regular  tetrahedron.  Its  (aste  is  swecdA 
and  very  astringent.  It  alwajii  reddens  vegetable  blues.  Ill 
specific  gravity  is  |-7109.|  At  the  Ivrnpemture  of  60',  100 
parts  of  water  dissolve  1479  of  llii«  sulu  It  is  soluble  in  |tlB 
of  it«  weight  of  boiling  water.  When  cxposeit  to  tlic  air  it 
effloresces  slightly.  When  oxpo«ed  to  a  gentle  beat  it  aaiti' 
goes  the  watery  fusion.  A  strong  heat  causes  it  to  swell  aud 
foam,  and  to  lose  about  44  per  cent,  of  its  weight,  couattiag 
chiefly  of  water  of  crystallization.}  What  remains  is  calM 
caiciHtd  or  irumt  (ilum,  and  is  sontctimet^  used  as  a  corrmrfc 
By  a  violent  heat,  tlic  greater  part  of  the  acid  may  be  dri«a 
off.  In  tluit  case,  as  was  first  obeerrcd  by  Milner,  a  portion  of 
the  acid  is  decomposed  into  sulphurous  acid  and  oxygen  ^ 
The  cotiiliiuents  of  thin  etalt,  by  my  analysis,  are 


1  atom  stdpliate  of  pota»lt 
3  atoms  sulphate  of  alumina 
Sd  atoms  water 


11 

21-75 

28*125 

60-875 


fJ.  Potanh-trisitlphale  af  alumina.  Tliis  salt  formerly  rallwi 
alnm  saturattd  uilh  its  earlh^  may  be  obtained  by  adding  jo^ 
asli  to  a  boiling  solution  of  nlum,  and  n-ashing  the  precjpimt 

•  Ann.  dc  Chini,  xiiL  158.  \  Ibid.  ESa 

t  Unucnfrnii,  Ann.  de  Chim.  xxnii.    Iv.    Wnllcriua  fouml  it  I*!)* 

(('hciniiiUf,  p.  2ti6);  and  Dr.  Wutsoo,  Xlb'i  (Euiiys,  v,  SiJ;  rilui^" 

l-73e.     (Phil.  Tnin».  liii.  114.) 
$  Uerginnn,\.  SHT. 
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till  Uic  water  ceasen  to  act  on  munutc  of  bar}'t«6.  Tho  con- 
atitaents  of  tlio  whit«  tasteless  |>on'iler  thus  obtained,  are,  ac- 
oordiiig  to  tJje  AiialyHi-i  of  Uitlniilt, 

I  ulom  suijiliud-  of  potash       .         .         II 

18  atoau  trisulfibute  of  alumina        .         U5'95 
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ttad,  LtL 


t>G-(ni 


4,  Potash-sulpkate  qfyttria.    Obtained  by  mixing  solutiona 

the  two  constituents  in  tiie  atomic  proportions.     It  fonna 

crystalline  grains,  not  so  soluble  in  water  m  sulphate  of  yttriat 

•but  more  aolubic  than  sulphate  of  ccrium.f 
5.  Potaih-^ulphati!  ofcrrium.  'V\x\»  talt  pr«cipitat«s  when 
an  excess  of  8nl|>liato  of  potash  is  put  into  u  solution  of  cerium. 
It  is  a  wliiu-  powilvr,  uhieh  melts  when  hciitcd.  It  is  vi-ry 
Uttle  soluUc  in  water,  and  quite  insoluble  in  water  saturated 
with  sulphate  of  potasb.     Slightly  soluble  in  dilute  sniphuric 

.acid.}     Its  constituents,  as  determinc<I  by  the  analysis  of  Dr. 

^nBteel  in  my  lal>oratory,  arc 

^B  1  atom  sul])hate  of  potash  1 1 

^L^  I  atom  Bulpliate  of  cenum  11*5 

^^T  22-6 

It  b  wibydroua. 

6.  Poiiuh-sriufiiiKuIifhale  of  penuide  of  cerium.  ObUiincd 
by  mixiu)|;  solutions  of  tliv  two  cODStituentM  in  the  atomic  pro- 

>rtton.  It  is  a  lemon-yellow  powder,  difficultly  soluble  in 
water,§  It  l>ecomes  white  wlteu  washed  or  heated.  Its  con- 
■tituenU,  as  di'iermined  by  the  analysis  of  Dr.  Steel  in  my 
laboratory,  are 

1  atom  sulphate  of  pota^  .         .         .         11 

1  atom  acsquisulpltatcd  pero-xide  of  cerium         14*5 

S5-5 

7.  Poltuh'untphatf.  qfsiramia.    When  an  excess  of  sulpliate 
potasli  U  uddi^l  to  a  neutral  »lt  of  icirconla,  a  cryslallized 

itc  takes  place.  'HiU  pre<,-ipitate  would  apprar,  from  the 
ezperioicnts  of  Bvrxelins  to  bo  u  compounil  of  1  atom  of  sul- 
phuric acid  and  6  atoms  of  xircoiiia,  witlt  a  small  <|uantily  of 
|)oUL<di,  ihe  exact  amount  of  which  has  not  been  determined. 
Jt  is  very  little  soluble  in  water,  and  is  precipitated  again  by 


Ppoi 


•  Ana.  da  Cbim.  el  ile  I'bjs.  xnl  US. 
t  Wdi^BT  ■nil  ilerivliuK, 


f  Oshn  nod  Bcndiui. 
(Ibid. 
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oimi-  uilpliatc  of  pobuli.  ^V*l>eIl  only  sLigblly  washcili  it  ^aMitres 
reailily  ia  water ;  but  after  huving  tK-cii  tLoroughly  wa»li«d, 
or  boiled  in  water,  it  becoineH  iu^oluble,  or  almost  so*  in  acids 
rvt|iiirin){  for  soliillon  a  ^r«al  qtiaiitity  of  concentnled  arid.* 
a.  Potaxh-*iilpfiate  of  iroH.  'Vim  salt  waji  first  fuminl  by 
Link.f  U  is  easily,  fornwd  by.mixtug  solutions  of  salphntv  of 
pouub  aiid  Bulplmte  of  iron  in  tlio  atomic  proportious  luxl 
concentnUing  the  solution,  Tlie  colour  is  vory  l^bt  green, 
otul  tlie  nliape  of  the  crystals,  acoordiofi^  to  Klitcberlick,  tlu^ 
mmc  as  that  of  ammonn-Hulphate  of  magnesia.  The  iwlc  >> 
similar  to  thut  of  siilplmU'  nf  iron;  but  it  iii  less  oolublp  ie 
VateTt  aiiii  tiie  solution,  when  lit-utfKl,  is  upt  to  Hupmilc  Sotki 
of  peroxide  of  iron.  Its  constitueiitH,  by  my  analy«s,  are 
.  I  atom  §ulpbate  of  potash        ■  1 1 

I  alum  •>ul]>bate  of  iron  .  9'A 

ft  atonv)  water        .        .         .  5*63& 


26- 1-25 

Accorxlint;  to  Mitcltorlidi,  it  t-oiitnins  fl  nUtmi  water. 

0,  PoUmh-tHlpkiilrft  iKnmide  nf  iron.  \\'bon  ttolulioM  «( 
sulphate  of  potash  and  sulpbatcd  peroxide  of  irou  arc  iniicd 
and  Ponc<'iilrat«'<l,  tliere  is  usually  n  deposile  of  :%  grecimb 
brown  matter  ut  the  Ixiltnin  of  tlie  rcssvL  This  (k-po«itr  if 
formed  of  crystals  so  much  entangled  together,  and  so  saaUr 
ttiat  tlieir  form  could  not  be  made  out.  When  dried  in  tke 
opi-ti  iiir,  it«  colour  was  greenish  yellow,  and  it  was  compoMd 
of  grains  seemingly  cubical,  Imving  their  solid  aitgles  roanM 
off,  so  ns  t»  iipproach  tlie  itplivriLiil  form.  'Ilic  taste  is  asliiiw 
gcnl,  swcetiFiti,  and  Eicid.  'I'lie  suit  ri^ldens  vcgeiahlu  hluH^ 
and  undergoes  no  altcmtion  from  exposure  to  the  air.  It  di>- 
solveH  in  water  witli  a  yellow  colour,  and  tlie  solution  is  not 
quite  tmuKparent.  Its  coiutilueuts,  by  my  annly»i>s  arv 
I  atom  sulpliate  of  potash        .         .         .  II 

1  atom  sulphutci)  peroxide  of  iron             .  10 

•2  atoms  water 2*t25 


1'lie  s;ime  salt  is  described  and  niuilyieod  by  Mjius.  Ho  ol»- 
taiiied  :)  atom^  water.  '11i«  rest  of  lii»  aniitybia  agrees  wilb 
mine.]^ 

10.  Potaih-MtrfuiguI/ifiatrtf prroride  of  iroit.    'I'his  salt  may 

•  BtTMlluk.  t  Crcir*  AaiMlca.  17M,  L  SO. 

t  Peipndurrt  Antwtcn.  xil  7t<. 


FOTASII-fii;i.Pn  ATF^. 

1k'  obbiined  by  tntsin}^  togctlirr  soliitioiiit  of  eulpfaabi  of  potash 
and  Hiilpliiited  peroxide  of  iron  in  tliv  requisite  proportions, 
and  cn'Atalli/.iiig  ovi^r  »iilplitiric  ncid  in  tlio  \-acuum  of  nn  air- 
puntp.  'I'lic  crvKtal.i  arc  triinKporciit  aud  colourless  and  liave 
thv  re^lar  ocluhcdral  funn  of  uluni.  Tlie  t&^te  U  niuiilar  to 
thai  of  Ilium  but  harHhcr,  When  <)issolvMl  tii  w,iu-t  tliv  litiuid 
BMumc-K  n  browniitli  red  colour,  and  tin.-  Mdt  cnnnot  be  sguin 
obtainnl  in  cryiitaU.  Hence  wuttT  m-cidb  to  decontpose  the 
salL     Its  conBtituciit»,  by  my  aualysia,  are 

1  atom  sulpliatc  of  potitsli  ,         .         11 

2  atoms  sosquisiitplmted  peroxide  of  iron  .         25 

25  atoms  water  .         .         'id- 1 25 


J>7 


C4-125 

11.  I'i^ash-sulphab-  of  manganext.     'Iliis  salt  is  obtained 

mbtii^  Roliitiuns  of  xulpluito  of  potusli  and  sulpliute  of  mati> 

in  tbc  atomic  proportions,  and  eoncentratinjf  tJic  solu- 

'ilie  cryatalit  have  tlie  liliiipi'  of  tliose  of  ainintttita-snlpbaie 

mturiiMia.     'ITiey  liave  a  fine  llesli-red  colour,  qih)  are  not 

t«rcd  by  exposure  to  tUc  nir.     'I'bey  are  compoiicd,  by  my 

.alysis.  of 

I  atom  Htilpliatc  of  potasli         .         ,        .         II 
I  atom  sulphate  of  munguncsc  .         .  9-5 

5  atoms  vrutcr  .         .  &&13 


26'l*i5 

13.  potax/t'iKMfttitulphatcti  sttquioxide  tif  mtmffaietc,  TJia 
[anlt  is  obiaintil  when  solutions  of  the  two  constituents  arw 
Itiiixed  and  cv.iporated  to  the  consistency  of  a  synip.  CryKiaU 
obtained,  having  the  regulur  octahedral  form  of  alum,  n 
dark  violet  colour,  and  a  taste  having  some  resemblance  to  that 
of  alum.  When  liii-W!  crystals  are  dittsolviil  in  wat«r  tb«y 
under^n  dec4>inpoMlion.  The  consliuients  of  dits  saltr  ttccord- 
ing  tu  ibe  aiiiilvMH  of  Mitdicrlicb,  uro 

1  atom  stdphntc  of  jtotasb  .         .         .         .         II 

2  atomis  8es(|uisidphuie<l  sesquioxidc  of  mangaaeiie     S3 
24  atoms  water 27 


ikrt.LU. 


60 
I-*).  Poln4t-*tilphale  i{f  nickel.    Hit^  salt  was  first  described 
[by  Proust.  *    It  is  easily  formed  by  mixing  sulphates  of  jMitash 
[Bud  zinc  in  the  atomic  propoitioii  nod  coDvciilrattDg  ihv  m>1u> 
*  Juur.  (Id  riiyiL  xlftL  I(i9^ 
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tioii.  It  crystatlizea  in  rhombic  prisms,  luiviiig  a  fine  cmvralid  | 
green  colour,  aiid  not  altered  by  cxpoNure  to  tlie  atmo«plieKki 
It8  Kpecific  If ravity  is  2'264.  Its  taste  is  swecL  with  an  iin- 
presiuoi)  of  hittcriie&^  It  is  sparingly  soluble  in  water.  WWu  J 
iieated  it  loses,  acc(in)!n)(  to  Proust,  about  *24  pvr  ocnt.  of) 
WKter.     Its  constitiii'iit«,  by  my  aiiulysis,  are 

1  atom  sulphuto  of  potash         .         .  11 

1  atom  sulpliate  of  nickel        .         .  0-Sd 

6  atoms  water  .         .  6'7A 


27 

Mr.  H.  Stokes  found  that  when  chroraate  of  potash  and  nil- 
phate  of  nickel  arc  mixed  in  atomic  proportions  the  residual 
liquid,  aficr  the  deposition  of  the  chromate  of  iiiekrl,  gim^ 
when  concent  rated,  fine  crystiils  of  potash -sulphate  of  nidul 
nearly  pure." 

14.  Pot/If h-Dn/pfiaU.  <if  mbaiL  This  salt  may  be  obtatii«j 
by  mixing  itis  tH'o  constituents  in  the  atomic  proportions  vd 
concentrating  the  liquid.  The  eryslnls  arc  oblique  rbombit 
prisms,  similar  in  shape  to  ammonia-sulphate  of  iniif^nem 
l'h«  colour  is  red,  and  the  salt,  according  to  Proust,  i*  !(■ 
Ruluhte  in  water  than  sulpliate  of  eobalt.  Its  coostituciiU. 
according  to  the  analysis  of  Mitchcrltch,  arc 

I  atom  sulpluitc  of  potash  .         .  11 

I  stom  sulphate  of  cobalt  .         .  9-25 

6  atoms  water  .         .  6-76 


J 


27 

15.  Potas/i-gulphate  of  zinc.  This  salt  may  hv  formed  it\ 
tlic  same  way  as  the  precediuj^.  lu  colour  U  white,  and  the 
crystals  have  the  sume  sliajie  as  tliose  of  ammonia-sulphate  of  J 
flaagnesta.  Its  taste  is  dmikr  to  that  of  sulpliate  of  zinc 
Is  not  altered  liy  exposure  tothcatr,  audit  requires5  limusitt' 
weight  of  water  to  dissolve  it.  It  n-as  found  by  Mr,  ^lokcsia 
the  mother  ley  (after  the  deposition  of  bichromate  of  xbc)  ef 
sulphate  of  xinc  and  chromate  of  po(ttsh.t  'llic  conslittwat* 
of  thi-s  iialt,  by  my  analysis,  aM^ 

1  atom  sulphate  of  potash         .         .         II 
I  atom  »ulpliiitc  of  xioc  .         .  I(K!5 

7  atoms  water  .         .  7'873 


•  I'hil.  Mag.  (Kd  serin)  H.  4^ 


rOTAS  ll-aU  l.l>)t  ATKS. 


16.  Potath'salplmte  qf  cadmium.    Tlib  salt  may  be  farmed 
by  mixing  togctlicr  the  two  con§tjtuenLs  in  the  niomic  propor-  ~ 
t!on«,  and  coiicciiUutin)^  the  solution.    The  cryfttali*,  according 
to  Mticliertich,  have  tlie  aame  form  a»  those  of  tiiiimonia-suU 
pliale  of  magnesia. 

17.  I'titaih-ButiAate  qf  copper.  TliU  salt  may  ()e  formed  by 
mixing  the  two  eonstitiicots  in  the  atomic  pruportiun.t,  and  eon> 

H  crntiuttng  tlic  solution.  It  W!w  firi>t  iIi'Mcriliod  hy  \''ogcl  of 
"  Ilayreulh.  The  cryHtals,  nccordiug  to  Mildierlicb,  have  the 
sotoe  form  as  those  of  ammonia-sulpliate  of  magtiesi^  Tlie 
cry»tiiU  have  a  btuiah-^een  colour,  and  a  specific  gravity  of 
2*116.  When  held  between  the  eye  and  tlie  light  tu-o  dit^ 
gonaU  may  be  obwrved  crossing  the  crystal,  aiid  of  mtlier  » 
lighter  colour  thiin  the  re^t  of  the  crystal.  ThtK  siilt  i«  Mdiible 
ill  water,  and  may  lie  obliiinod  ngutn  in  crystuU  itnalter<.-d.  It 
suffers  no  change  by  exposure  to  the  air.  According  to  (he 
aiinlyuK  of  Vogel  of  Jtayreuth,  to  whom  we  are  indebted  for 

t'uiuwUtlge  of  this  &alt,  it&  conHtitueiiu  are 
Sulphuric  «ria  .         .         .         36-075 

Potash  .         .  21-425 

Peroxide  of  copper        .         .         .         18-000 
Water  .         .         .         24-500 

100-000.  • 
This  analyds  wan  confirmed  in  my  [ul>om(ory.     It  \»  cqui> 
valcnt  to 

■  1  atom  suipliale  of  potasJi  11 
H  1  atom  Milphatc  of  co|ij)er  10 
^^>            6  atoms  water  6*75 

^^^  27-75 

f  Mr.  Stokes  formed  this  udt  by  miaiiig  ti^tker  chromato  of 
potiuli  anil  sulphate  of  c>(>p)>er  in  the  atomic  proportions-! 

la  PataiA-iUttdphatc  (/  rvpjier.  This  salt  was  first  aocu- 
mtely  examined  by  M.  Brunner.  M'hen  Bolutions  of  Bul- 
plmli-s  of  potash  and  of  coppt-r,  in  tlie  atomic  projwrtiona,  are 
mixed  together  and  heated  to  the  u-mpi-nilure  nf  140*  or  150», 

■  or  still  better  if  l*oile<l,  the  liquid  bi-eoiufs  uiuddy,  and  a  light 
green,  imperfectly  crystallisied  powder  fidls,  which  '»  insoluble 
in  water.  The  dcpo«ite,  if  thi-  liquid  be  left  ovor  it,  grulually 
concretes  uito  a  crust.  I'hc  analyus  of  thia  salt,  by  Brunucr, 
gave 

•  ScbwtiggM-**  Jour.  Til.  4a  t  PUt-  Ma^  {iA.  tm»)  U.  *». 
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Obi  I.  3-97    atoms  sulpfauric  Rcid 

I'Ol    atoms  potash 
8"925  atoms  oxide  of  copper 

3  97    atoms  water.  • 

Numbers  which  show  evidently  that  the  trae  constitatioa  of 
the  salt  is 

4  atoma  Bolphuric  acid, 
I  atom  potxsh, 

4  atoms  oxide  of  copper, 
4  atoms  water. 
The  salt  therefore  is  a  compound  of 

1  atom  bisulphate  of  potash         ,         .  16 

2  atoms  disulphate  of  copper       .         .         30 
4  atoms  water  .         .  4*5 

SOS 

19.  PotasAsulphate  of  platinum.  This  salt  was  formed  fay 
Vauquelin,  by  mixing  together  solutions  of  sulphate  of  powk 
and  sulphate  of  platinum,f  the  liquid  becomes  coh)urle8i,  mi 
a  dark  bottle-green  matter  precipitates.  When  washed  ui 
dried  it  becomes  black  and  shining,  and  when  exposed  to  a  red 
heat  sulphurous  and  sulphuric  acid  are  driven  off,  whileanux- 
ture  of  platinnm  and  sulphate,  of  potash  remains, 

20.  Potasb'SvbsulphaUd  peroxide  of  platinum.  When  tn 
aqueous  solution  of  sulphate  of  platinum  is  neutraUxed  bypoladi, 
and  boiled  for  a  few  minutes,  a  dark  brown  substance  fiUk  and 
the  liquid  remains  colourless.  This  precipitate  consututes  t&e 
salt  in  question. 

It  is  a  dark  brown  or  black  substance,  in  grains  not  milike 
those  of  gunpowder.  It  has  a  considerable  lustre  like  that  <f 
blende.  Its  feel  is  harsh.  It  is  tasteless,  insoluble  in  water, 
not  altered  by  exposure  to  the  air,  and  not  affected  by  boifing 
nitric  acid.  It  is  readily  soluble  in  boiling  muriadc  add ;  bat 
nitro-muriatic  acid  has  but  little  action  tin  it.  It  is  inst^nble 
in  boiling  sulphuric,  phosphoric,  and  acetic  acids.  Ammomt 
does  not  act  on  it  When  boiled  in  a  solution  of  potash  no  ip- 
parent  effect  is  produced :  but  if  the  solution  be  twiled  to  irj- 
ness,  and  heated,  two  distinct  compounds  appear  to  be  fonneit 
The  one  yellow,  and  the  other  olive.     It  is  insoluble  in  ahxAol 

*  PoggeDdorf's  Annalen,  nv.  476. 

f  Prepared  by  heating  dichloridc  of  platinum  in  sulphuric  add,  till  At 
liquid  ccaees  toiirccipitHteiulnteof  Gilver,«i)ddienenf>onitii]f  todrjD 


and  etlior.     In  aredlicalit  iixifcompmod;  oxygen,  platiniun, 
I  and  Hiilpbal«  of  poUsK  beiiif;  produonl.     Tlic  coiiAiituentH  of 
this  tjuliAUuiec,  according  to  ihc  aimlysis  of  Mr,  E.  Ihvy,  are 
.  as  foUon*a : 

Peroxide  of  plutinucn         .         .  7Sf)2 

$u]|>bal4>  of  poUisli  .         .  10-&4 

Wuter  .         .  I(h84 


StckUt 


100-00 

This  most  be  admitted  to  be  a  very  extraordinary  compound, 
ami  Keemt"  liaidly  entiilcd  to  llic  name  of  a  wilt. 

2 1 .  I'ofiu/i-tutpfiatc  <i/'  uraitimn.  A  grajHsli-grccii  powder, 
[•c&rcely  soluble  in  water." 

22.  Potaahsutp/UUetl  peroxidi- of  uranium.  This  salt  may 
I  be  formed  by  mixing  togetlier  solutiniiA  of  Fiulphate  of  potJisli 
[and  of  pt!TOxi<le  of  uninium  in  tbt!  utomic  proportion,  and  eva- 

iog  tbc  mixture.     The  mit  h  dcposilitl  in  small  glnliuIiM, 
QsistiDK  of  needles  divcr|p»g  from  u  ventre.     It  has  ii  fine 
non-yellow  colour,  an  astTinj^cnt  taste,  witli  an  impression  of 
^bitterness,  and  it  di»olvc»  readily  in  water.     Its  ooiistitucnts, 
by  my  aiialyNi»,  are 

I  atom  itulphiito  of  potash  ,         ,         II 

1  atom  Kcttpiuulpiuttc  of  peroxide  of  uranium   ,         35-5 
4  atoms  u-alcr  •         •  4-5 


51 


J 


» 


!1.  'Snda'aulphates, 

\.  Soda-mtpJuth  nf  lithia,  A  very  difficultly  soluble  nUt. 
It  contains  tlie  third  of  ite  weight  of  sulphate  of  lithbLf 

2.  Suda-tttlfthale  of  lime.  This  «alt  is  found  iinbettdet)  in 
rocJc-salt,  about  ten  leagues  south  of  Madrid,  at  Vela  Kubio, 
and  in  tJte  Slue  ult  of  ImtIicI  in  Upper  Aibitria,  It  is  called 
jr/fKA^ri'/f  by  minenilogistx  llie  cryMnlx  are  obliciue  rhombic 
prisms  an^l  the  coitstitiu'iits,  iK'conliiig  to  tlic  unaly&is  of  Drog- 
niart,  arc 

I  atom  sulphate  of  mmIh         .         .  9 

I  atom  sulpluite  of  limo         .  8-5 

17-5 

3.  Sotfn'iHlji/ui(c  ofmaffiKsia.     Tliis  suit  was  first  described 

*  ficneliu).  t  U"^- 


by  Link,  in  1790.*  It  mu  uftcrwarch  uialyzcd  by  Dr. 
Mumiy,t  who  did  not  sppenr  to  )iav«  tH-cii  nvruv  of 
the  prcrioufi  experiments  of  the  Gemian  chemut.  Uak 
obtained  it  liy  saturating  bi.sulplmte  of  mkU  witb  magnesia,  and 
crystallizing  the  )tuluUi>n.  1>t.  Mnrnty  obHerrcd  it  forated  tn 
the  l)oiler9  of  tlic  manuliicttircrs  of  sulphate  of  mogneaa  fnm 
the  bittern  of  sea  salt.  Tlie  impure  sulphate  of  ma^eeta  lint 
obtauied  is  redls.^olve<l  in  water  and  crystallized.  A  tttA 
quantity  li  added  to  tbe  residual  liquor,  iiiid  by  the  neoeawy 
evnpamtion  and  cooling,  a  fresh  emp  of  erystnia  vt  obtaiwd. 
jTliis  if  Tcpi-nted  a  third  and  fourth  time.  It  is  in  tlieso  laai 
! erystalliications  that  the  triple  salt  b  produced,  fartning  fre- 
quently in  considerable  qiiantitieti,  and  precipitating  even  in 
U)c  Iwllenc  It  ia  at  first  irregular  nnd  «ein!lRinsp*reiit ;  bw 
by  kobition  in  water,  and  a  second  cri'stidHuttion,  it  may  be 
obtained  in  pretty  re^ilar  transparent  rhombs,  truncated  at 
their  angles  and  edges.  Thece  crystals  are  not  altered  by 
exposure  to  the  air.  They  liave  a  bilter  taste.  At  G0°  iliey 
diasolve  in  about  thrice  their  weight  of  water.  When  beattd 
they  do  not  melt,  but  decrepitate,  lis  constituent,  oceordb^ 
to  the  unaly^i*  of  Mumiy,  arc 

1  atom  suipliate  of  soda  .         .  9 

1  atom  sulphate  of  magnesia  ,         .  7*5 

6  atoms  water  ,         .  6'7S 

4.  Soda-sulphale  qf  alumina^  or  soila  altim.  This  salt  Wl» 
perhaps  first  formed  about  tbe  year  1 80^  by  C'li.-irles  Iktacintwb, 
Esq.,  of  ('ros»  Basket.  Mr.  W.  \^'ilson  of  Hurlet,  near  Ola»- 
gow,  furnished  mc  with  beautiful  specimens  of  it  about  (he 
year  1833.  It  was  noticed  in  1810  l>y  Mr  Winter,  in  ^i< 
account  of  the  Whitby  alum  procef)ses,t  It  may  be  fom«d 
by  adding  sulphate  of  soda  to  a  soluitoii  of  nlutnino,  but  na 
account  of  its  great  solubility  in  water,  it  is  not  ea.<tily  obtained 
in  cryKtuls.  The  crystals  arc  regular  octahe^lrons,  like  those 
of  common  alum,  its  taste  also  is  the  same.  It  iindcrgora  no 
altemtton  by  exposure  to  tlie  air  if  pure ;  but  when  impure  it 
effloresces  on  the  surface.  100  parts  of  water  at  tbe  tenqwv 
ture  of  60"  diaaolvR  027-6  parts  of  iu  Its  constituent*,  Moori- 
ing  to  my  analysis,  Bre 


i 


•  Crell'ii  AnnaU.  1780,  i.  30, 
\  Kich<il*on's  Jour.  xiv.  ?M. 
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1  atom  Hulpliate  of  soilit 
3  atonu  8ul|il(ulc  of  nlumina 
SJi  atomH  \tiiU'r 


9 
a  1-75 
2ft- 125 


tMt.UL 


:t8-875 
In  its  otbcr  properties  it  resetnbleH  common  alum. 

5.  Ao/tiw  toda-<ilum.  Tlds  salt  occurs  in  tJie  province  of 
St.  Juoii  Rpar  tlic  city  of  Mc^ndo/.a,  tii  .SiitiUi  America.  It  is 
ftniiul  ill  tiMliilos  railuT  \vs»  tliaii  iLc  size  of  a  hen's  egg,  Ki'em- 
fa^ly  imboddi'd  tit  idate.  It  iti  wliite  and  com]>ow(t  of  fibree, 
adhering  loii^tudinally,  and  Uavinfr  n  ci>rtuin  hn^udtli,  but  very 
tliin.  Hanlvr  than  gypsum,  wliic-h  it  resemblcw  somewhat  iii 
mppnnmcc.  Thv  sp<-cilic  ^vity  ia  1*88.  Ittast«H  likvaJum, 
and  one  part  of  water  at  60°  (llwulvcs  0-77a  parts  of  it.  When 
beated  it  bchavfs  like  common  aluio.  Its  constituents,  as  de- 
termined in  my  labomtory,  aro 

11  atom  ftulphuto  of  soda  .         .  9 

3  atoms  sulphate  of  alumina        .         .         21-75 
20  atoms  water  ,         ,         22-5 

53-23 
ence  it  difTcn  from  artifidiil  t^oda-aliim,  in  containing  5  atoms 
leM  water.     I  haw  specimens  of  tlits  »alt  from  other  piirLs  of 
South  America. 

6.  Soda-svhftilp/uited peroxide  iff  plalinum.  This  suit  may  be 
obtained  by  a  similar  process  as  the  pota&h  subsulphated  per- 
oxide nliich  it  resembles  in  its  properties.     Its  eoi»tituentA| 

^^ccording  to  the  analysis  of  Mr.  £.  Davy,  arc  aa  follows : 
^fe  Protoxide  of  platinum  84-16 

^K  Sulphate  of  soda  7-11 

W      1.  Ban 


100-00 


4.  Baiyto-Sutpluaet. 
1.  BarytosubiniJphatedperoxide  of  platinum.  Whcna  solution 
of  muriate  of  barylei  is  jHiureil  into  atgueous  sulphate  of  pla- 
tinum, a  brown  pnicipiljile  falls,  which  is  tlie  fiuhntance  in 
question.  It  is  tosU-less,  insoluble  in  water,  and  in  boiling 
muriatic  and  nitric  acids,  Worm  nitro-muriatic  aciil  <itMolvea 
it,  and  so  does  sulphuric  acid  at  a  boiling  tcm^HTaiurc.  It  is 
not  decom{>oseil  by  the  alkalies.  When  heated  to  re«lne»s,  it 
gives  out  only  water ;  no  gas  whatever  is  evolved.     Mr.  E. 
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Dav}^,  to  whom  we  are  indebted  for  these  facts,  did  not  analyxe 
this  compound. 

5.  Alttmina-Sulphatea. 
1.  jilumina-suiphaleofplatijuan.  When  muriate  of  almnina 
is  poured  into  sulphate  of  platinum  a  gelatinous  brown  predp- 
tate  falls,  which  is  the  salt  in  question.  It  is  a  black  shiiii^ 
powder,  insoluble  in  water,  and  not  altered  by  exposure  to  the 
air.  It  is  insoluble  in  the  cold  mineral  acids,  and  only  sli^dy 
acted  on  by  these  adds  at  a  boiling  temperature.  When  heated 
to  redness,  it  gives  out  merely  water,  and  becomes  lig^iter 
coloured.  It  contains  at  least  27  per  cent  of  water ;  but  Mr. 
E.  Davy,  to  whom  we  are  indebted  for  the  preceding  bdM, 
did  not  analyze  it. 

6.  Ferro-^vlpheUes. 
\.  Ferrostdphate  of  alumina.  This  salt  occurs  rather  abun- 
dantly in  the  waste  coal  pits  round  Gla^^ow,  being  crystsllixed 
in  the  sbide  in  white,  silky,  very  fine  needles,  like  asbestos 
easily  fuuble,  and  completely  soluble  in  water.  A  spedma 
from  an  unknown  locality,  analyzed  by  Berthieti  was  com- 
posed of 


Sulphuric  acid 

Protoxide  of  iron     .         . 

Alumina 

Magnesia 

Water 

.       34-4 

.       120 

8-8 

0-8 

.       44-0 

This  is  equivalent  to 

1    atom  sulphate  of  iron 

100* 
9-5 

1|  atom  sulphate  of  alumina 
15    atoms  water  , 


10-875 
16-875 

37-25 


But  the  constitution  of  the  feather  alum,  so  abundant  at  tbe 
Hurlet  and  at  Campsie,  both  in  the  neighbourhood  of  Ghi- 
gow,  is  quite  different.  According  to  the  analysis  of  Mr.  B- 
Phillips,  its  constituents  are  as  follows: 


•  Ann.  de  Mines,  v.  259. 
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Sulphuric  acid  .  .  ,  30-9  s«tLn. 

Protoxide  of  iron  .  .  .  20'7 

Alumina  .  .  .         5'2 

Water  .  .  43-2 

100-0  • 
ITiifl  approaches  (though  there  is  a  slight  deficiency  of  acid)  to 

2    atoms  lulphatc  of  iron  .       19 

1    atom  sulphate  of  alumina     .         7-25 
lej  atoms  water  .         .       18-675 


44-925 


2.  Perferro-stilphatc  of  alumina.  This  salt  contains  perojide 
of  iron.  It  crystallizes  in  regukr  octahedrons,  and  is  there- 
fore analogous  t«  aluin.f 

3.  Ferro-sulphate  of  nickel.  This  salt  may  be  obtained  by 
mixing  together  the  solutions  of  nitrate  of  nickel  and  sulphate 
Chiron,  and  evaporating  the  mixture,  or  by  dissolving  at  once 
the  oxides  of  nickel  and  iron  in  sulphuric  acid.  The  salt  crys- 
tallizes in  tables,  its  colour  is  green,  and  it  effloresces  whea 
expooed  to  the  atmosphere.^ 

4.  Ferro-aulphate  of  zinc.  This  salt  is  easily  obtained  by 
mixing  tt^ether  solutions  of  sulphate  of  iron  and  sulphate  of 
■inc  in  atomic  proportion,  and  concentrating  the  mixture.  It 
crystallizes  in  rhombic  prisms,  having  nearly  the  shape  of  sul- 
phate of  iron.  Colour  pale  green.  Specific  gravity  1-980. 
Its  taste  and  solubility  ore  those  of  sulphate  of  zinc.  It  is  not 
altered  by  exposure  to  the  air.  Its  constituents,  by  my  analy- 
ds,  are 

1  atom  sulphate  of  iron     .  9*5 

1  atom  sulphate  of  zinc    .         .       10-25 

14  atoms  water  .         .       15-75 

:J5-5 

5.  Ferro-suiphate  of  copper.  This  salt  may  be  obtained  by 
mixiDg  solutions  of  sulphate  of  iron  and  sulphate  of  copper, 

•  Annals  of  PhiloBophy  (id  series),  v,  446, 
t  Miteherlich.  J  Link,  Crell's  .'Vnnols,  1798,  i.  38. 

II.  3d 
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aitd  concciitrating  the  solatioD.    Thf  cryt- 
lals  fonnod  have  a  fine  blue  coloar  »-itH  a 
slimii-  of  grem.     Tliey   t»eem,  from  ^M 
I  ol>scrrutions  of  Bcudant,  to  Itave  the  81m|WV 
|i>f  sutpfaate  of  iron,     I  rIwbj'S  obtajaed 
them  ia  flat  Thombohedrons,  as  rcpri^wnud 
oil  (he  margin.     Its  angles,  mcasurcdbj 
(tie  eoinmoti  goniometer,  were 
MonT         .         .         100" 
M  on  IN         .         .  80 

P  on  M         .         .         100 
PonT  .  80 

Its  taste  is  cupreous,  and  its  specific  gravity  1"98.     100 1 
of  HTiter  at  CO'  dissolve  75*91  parts  of  it.     The  conMitiientsl 
of  this  sail,  by  ray  aiialyHi^,  are 

1  atom  sulphate  of  iron    .        •.         9-5 

4  atoms  sulpliate  of  copper        .       40*0 

84  atoms  water  .         .       38-25 


8775 


According  to  Reudant,  the  salt  is  capable  of  existing  witli  «■ 
rious  proportions  of  sulphate  of  iron.  The  constituents  of  Ae 
whole  salt  which  I  procured,  were  as  I  have  stated  above. 

6.  Fcrro-iufpiate  qf  nkkcJ-and-copper.  Thid  ealt  i»  *aid  by 
Link  to  be  formed  when  the  solution  of  nickel  in  nitric  add  ■ 
mixed  with  sulphate  of  copper.  It  crystallines,  according  I* 
dim,  in  blue  coloured  prisms,  termiuated  by  tbur4ided  p)'n- 
mids,  and  when  exposed  to  llie  air  falls  to  powder,  but  hi«  *x* 
perimcnts  would  require  to  he  verified  by  repetition.* 


1. 


7.  }^cM-ful/ihatf*. 
NicAel-»iilpAati!  (tf  copjter.  This  silt  was  accidcnlally 
met  with  by  Dr.  Brewster  among  some  spra- 
mens  of  sulphate  of  nickel  which  he  had  re- 
ceived from  Mr.  Brandes,  and  from  Mr. 
Badams  of  Birmingham.  The  nature  of  tbs 
salt  was  determined  by  Dr.  Fyfp.  The  nil 
has  a  fine  green  colour,  and  is  cryHtalliicd  in 
oblique  rhombic  prisms  as  fibred  in  tiie  mu- 
gin.  The  measurement  of  the  angle*  by  Mr. 
Brookef  are  as  follows : 

*  Link.  Crdr*  Anndi,  1796.  i.  3t. 

\  Antmlii  of  PhiloMphy  (Kd  icric*),  «i.  1  IT. 
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nm 


P  on  M  or  M'    . 

* 

100'  15* 

P  on  c 

, 

117   30 

M  on  M' 

, 

83   30 

According  Ui  the  analysis  of  Dr. 

Fyfe, 

iUf  oai»tiiue»t4  are 

Sulphuric  ucid 

. 

25-3 

^H           Protoxidtt  of  nickel 

I 

39-5 

^^          Oxide  of  coppiir 

• 

5-3 

^^           WuWr 

• 

297 
lOO-O" 

TTiU  19  equivalent  to 

1  atom  dbulphat«  of  copper 

15 

9  atoms  disulphate  of 

nickel 

1215 

&fi  Atonw  water 

■ 

39-625 

196-125 

2.  Nicktl-mlphate  ofzinr.  Zinc  ilUsolvcs  with  effervescence 
in  Nulpbatc  of  nickv)  contiiininK  an  exceiw  of  ucid.  11ic  solu- 
tion when  concentrated  yickU  light  ^^cn  cry&lals  having  tlie 
Rliape  nf  the  oblique  cr}-§tals  of  sulphate  of  nickel.  The  tosto 
is  sharp,  mtringeut,  and  metallic.  It  readily  effloresces  in  tlte 
air  into  n  whiltr  powder.  It  is  soluble  in  3  or  4  times  its 
weight  of  cold  n-atvr.f 

&  Coball-tulphata. 
I.  Cabalf-gti/jtAate  of  sine.     'I'hitt  Dalt,  fiRtt  pointed  out  by 
Link,  may  be  obtained  by  rl!ge«ting  zaRirc  in  sulphate  of  zinc. 
I^rji^  foiir-«idod  prisms  are  obtained  by  evaporation)  which 
eiHoresice  when  exposed  to  the  air.J 

11.  Compound  salts  €^  tKlphuroun  acid. 
This  division  is  at  present  fur  from  numerouis,  l>ecAuse  dic- 
mbts  have  not  turned  much  of  their  attention  to  the  salts  of 
vulpburous  add. 

I  1.  Ammonia-sviphitai. 

1,  Amm<mia-»ulphite  o/"  maffiwMa.  'I'his  salt  ha«  only  been 
ntentionod  by  l-'onrcroy.  It  may  be  forme*!  by  mixing  to- 
gether the  solution  of  sulpliite  of  ammonia  and  sulphiie  of 
mapieiia,  or  by  pouring  ammonia  into  the  sulphite  of  mu^esia. 

•  Bdin.  Phil.  Jour.  v.  vm.  t  Tnppuli. 

t  OflU'a  Anntlt,  1706,  i.  3t. 
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"■"'■  Its  crystals  are  transparent,  but  the  figure  has  not  been  deter- 
mined. It  is  less  soluble  in  water  than  either  of  its  component 
parts.  When  exposed  to  the  air,  it  b  gradually  coaverted 
into  sulphate. 

2.  Ammonia-sulphite  of  silver.  Obtained  by  dissolving  sul- 
phite of  silver  in  an  aqueous  solution  of  sulphite  of  ammonia. 
Wlien  the  solution  is  exposed  to  the  direct  rays  of  the  sun  a 
crust  of  silver  is  separated,  and  sulphate  of  anunonia  formed.* 

2.  Potash-sulphites. 

1.  Potash-sulphite  of  sttboxide  of  copper.     This  substance 

falls  down  in  the  state  of  a  yellow  precipitate  when  nitrate  of 

copper  and  sulphite  of  potash  are  mixed  together.     It  is  inso> 

luble  in  water,  and  composed,  according  to  Cherreui,  of 

Sulphited  suboxide  of  copper     .  .  85*2 

Sulphite  of  potash  .         .         .  14-8 


100* 

This  approaches  pretty  nearly  to 

4^  atoms  sulphited  suboxide       .         ,         58*5 
1    atom  sulphite  of  potash         .         .  10 

68-5 
y.  Potash-sulphite  of  silver.     Sulphite  of  sjlver  is  soluble  in 
liquid  sulphite  of  potash. 

III.  Compound  salts  of  hyposulphurous  acid, 

I.  Ammonia-hyposulphiiea. 
1.  Anmionia-hyposiilpkite  of  silver.     Tliis  salt  is  obtained  by 
dissolving  chloride  of  silver  in  hyposulphite  of  ammonia,  and 
mixing  alcohol  with  the  solution.     It  is  a  white  salt,  very 
soluble  in  water,  and  having  an  intensely  sweet  taste.     One 
grain  of  it  communicates  a  sensible  sweetness  to  32,000  grains 
of  water.     By  evaporating  the  alcoholic  solution  the  same  sail 
is  sometimes  obtained  in  thin  lengthened  hexangular  plates. 
This  salt,  according  to  the  analysis  of  Herschell,  is  composed  (rf 
2  atoms  hyposulphite  of  ammonia, 
1  atom  hyposulphite  of  silver. 
After  tiie  hyposulphite  of  ammonia  refuses  to  dissolve  any 
more  chloride  of  silver,  if  an  additional  quantity  be  added,  it  i» 

*  Fourcroy.  |  AnD.  de  Oiim.  Ixsxni.  S14 
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rapiilly  coiivi-tto*!  into  a  wliile  cryitallizwl  powilcr.     Tliiit  pow-    *«'-  >■"- 
dcr  is  Bwirccly  iialiible  in  water,  but  liUtolvcs  rwidily  iiuunmo-  ~       ^ 
nia,  fonning  nn  int^ik^cly  swoot  Nuliiiinii,  from  wlik-h  an  acid 
throwM  it  tlowii  uiiult(>rccl.     Mr.   (Icreclicll  coiistitcrs  it  aa  a 
o»l»pouii<l  of 

I  iitom  by[ioiiiiIj>liilc  of  ammonia, 

I  atom  liy)Mi«ii|j)|iiu-  of  silver. 


\ 


2.  Soda-hnpoanlphites. 
t.  Sf)di»-htfi>o«ulf4tilf  oftilrer.  Tliis  sill  U  oI>l«iin'd  by  ilis- 
wlvlii^  clilorittf  of  silver  in  IivpuHtiljihitt'  of  Hodii,  mid  cvupor- 
•tlitfi^  tlic  solutidri  g<!ittly.  !t  crystiilli/i-^  in  tliiii  silky  plates, 
wliicli  Imvc  nn  tiitniMily  sweet  timto,  imd  uro  rc-iulily  hoIuMo  in 
wiler. 

3.  StrmitiaH-k^fxMttl/iAittji, 
I.  StroHthn-Aif/Kwu/fJiih  */  nihtr.     TIiU  wdt  is  fonncd  by 
Uie  aiHioi)  of  liy|i(i''iiIjibilo  of  siroiitinn  on  c-lilorid«  of  iilvcr. 
It  is  iiiiirly  Iust«-Ips^  niid  in-vtliililc  in  nuU-r,  hut  ditwulvos  rea- 
dily in  ummoiiiii,  and  givt^s  to  tJtiit  litiuid  un  Intciwely  «n'cet 

1.  Caicnrtn-Ai/jxanlpAiU  of  Wivr.  Hii*  wilt  is  obtuiiiL'd  by 
dijHolvin^  clilorido  of  silver  in  bypotiul[j|iit4^  of  limo,  imd  mix- 
ing the  Mibiiion  witit  a  considerable  quantity  of  ulcokol.  It  is 
a  wliitc  Milt  of  an  iiiteuscly  sweet  taste^  aiid  soluble  in  water. 
It  i*  dfc-on]{)o-ted  by  a  nioilernte  beat. 

When  uion-  cbloriile  of  nilver  U  added  to  Iiy|>o<iulpliite  of 
lime  tluui  can  he  dissolved,  tbe  additioiud  portion  U  eonverted 
inton  vohuninou<im'Nl;ilIine  powder,  of  very  <lil1ievl(.<wluliiliiy 
in  water,  but  nl>nn<iinlly  soluble  in  ammonia,  and  ifiving  ilmt 
liquid  an  intensely  8w«'l  la*te.  Mr.  Herwhell  considers  it  a» 
a  compound  of 

1  atom  liyposidpbite  of  limct 

1  atom  liypo»ulpliite  of  silver. 

IV.  Camjx»i»il  fiit»  i{f  nitric  onW. 

1.  Amtmmi/t'Nitratr*. 
I.  Anammia-nHrale  f<f  mttffnctia.     'Ibiti  salt  was  Tint  <lc- 
•  Edio.  n>II.  Jour. ).  n,  umI  806. 
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scribed  by  Fuurcroy  in  1700.  It  may  be  prepared  by  mtxia| 
togetlier  the  solutions  of  niimte  of  aminDtiia  and  nitrate  of 
mafTiu-Mia,  or  by  decompo«iiig  either  of  these  salts  in  part  by 
tlie  blue  of  tlie  other.  AVhcii  the  twoaltx  are  mixed  together 
the  umtnoiiia-nitrate  of  magnesia  gradually  precipitates  in 
cryntal*. 

ThoMe  cryxtalft  are  in  the  form  of  6ne  prismn.  'lliey  havea 
bitter,  acrid,  ammoiuacal  ta-ite.  They  are  soluble  at  60°  in 
about  1 1  parts  of  water,  but  boiling  water  disaotve^  a  jrreotcr 
projwr^on  of  tbem.  When  exposed  to  tlie  air  tliey  gTadasUy 
uttruct  moisture,  but  iniich  tuore  »!»wly  thitit  either  of  their 
component  parts.  The  phenomena  which  ihi»  eompouDd  ex- 
hibits when  lieatcd  arc  nmilar  to  those  vi'hieli  its  compoaeal 
parts  exliibit  in  like  circumstances. 

2.  Ammonia- nilralc  ofnickfl.  This  salt,  first  pointed  out  by 
7'hcnard,  i»  obtained  by  adduig  ammonia  in  exceas  to  the  ni- 
trate of  nickeL  liy  evaporation  a  green  coloured  sili  is  ob- 
tuiued  in  cryHtaU.  11ic  salution  of  tliis  salt  in  water  i*  not 
rendered  lutbid  by  alkalies,  but  the  nickel  is  thrown  down  by 
hydrosul]>huret».* 

3.  Ammonia-nitrait  of  coftaU.  When  a  solution  of  cobalt  is 
nitric  acid  is  supersaturated  wiih  iiinmoniit,  it  a  well  known  tkal 
no  prcdpitute  uppeurs.  When  tliis  solution  is  evaporated  Id 
dryness,  and  the  residue  is  treated  with  water,  a  red  solntioK 
is  obtained,  which  yields  by  slow  evaporation  regular  cube*  of 
a  red  colour.  These  crystals  are  a  double  salt,  composed  of 
nitric  acid,  ammonia,  and  oxide  of  cobalL  Tliey  were  fint 
observed  by  'Ilienard.  Their  tiL'tte  i«  urinous,  they  are  nni 
altered  by  ex]>osure  to  tlie  air.  \\'hcn  heated  they  bum  viii 
a  yellowisli-white  flame,  like  nitrate  of  ammonia,  leavii^  aa 
oxide  of  cobalt.  Their  solution  in  water  is  neither  predpt- 
tated  by  alkulies  nor  alkaline  earths,  but  when  Iwiled  witli 
potash,  ammonia  is  disengaged,  and  the  oxide  of  cobalt  preci- 
pitalcft.f 

4.  Ammonia-ttitralfd  ptroxide  of  tin.  The  peroxide  of  lio 
is  insoluble  in  nitric  acid,  but  it  dissolves  when  treated  mtk 
nitric  aeld  and  ammonia.  Hence  Uie  reason  why  a  salt  C0B> 
taining  tin  is  often  procured  by  the  action  of  nitric  acid  on  tin. 
Nitrate  of  ammonia  is  formed  during  the  process.] 

&.  Ammonia-ti Urate  qf  copper.     This  salt  nmy  be  obtaiiwi 

*  Ann,  (l«  Chim.  xliii.  917. 

t  Thonsrd,  Ann.  ij«  Chim.  xliii.  SM.  ]  IImiI.  218. 
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by  adding  atnmoiiiu  to  a  solution  of  oitnto  of  copper.     It  con-    ""■  ^*-   f 
stitules  a  blue  crystaliiDc  powtler,  soluble  in  hot  water,  and 
deposited  in  imperfect  crystals  as  tlie  solution  cools.     When 
heated  it  is  decomposed  with  riolence.* 

6.  A»mw»ia-nilralf.  of  mrrrari/.  Tlii»  suit  is  obtained  by 
mixing  coiicviitnitOfI  solutions  of  nitrate  of  mercurj-  and  nitrate 
of  ammonia.  The  salt  is  a  compound  of  an  atom  of  eadi  con- 
Btituent,  but  its  properties  liavc  not  been  exaniined.| 

7.  Aiamonia-trtKititrate  of  merrurtf.  'I'liU  »ubs(aitcc  is  ob- 
taineil  when  nitrate  of  mereiir)-  U  <le<;omp»s<.-d  by  a  slight  ex- 
cess of  ummonin.  It  is  a  white  powder,  composed,  according 
to  Mitcherlicli,  of 

[  atom  nitric  acid  .         .         .         6'75 

1  atom  ammonia  .         .         .         2'125 

3  atoms  oxide  of  mercury  .         .       40-5 


4»-375 
B.  Ammonia-nitratt  t^  tUver.   Hb  salt  b  obt^ed  by  add* 
tag  amowtua  to  nitrate  of  silver.     It  vryiitalli/CA  readily,  and 
is  very  soluble  in  water.     Its  oongtiluenu,  according  to  the 
■nalytW  of  Mitdierlich,  are 

Nitric  add  .         .         .         26*4 

Ammonia  .         .         .         18*0 

Oxide  of  silrer  .         .         .         55H) 

99-4  t 
This  approaches  pretty  near 

1  iiiom  nitric  acid  .        ,         .  6'76 

'2  atoms  anunoaJa  .         .         .  4*25 

1  atom  oxide  of  sUrer  .         .         14-75 

25-75 

It  would  Aeem  from  tliis  to  be  a  compotmd  of  one  integrant 
particle  of  nitrate  of  silver,  and  two  Integrant  porticles  of  am- 
monia. 

2.  Soda-nitrala, 
I.  Stxta-gtilfiitrtite  i/pta/innta.     This  salt  is  obtained  wlien 
nitrated  peroxide  of  pUiiinum  is  decomposed  by  Koda.    A  por- 
tion of  hydrateil  peroxide  first  bUs.     This  subsalt  wlien  dried 
-  is  white.  § 

•  Bcrzdiu*.  t  Pogcottwhw. 

I  Aon.  de  Chini.  et  de  Phyt.  sxxv.  418.  $  BtnctJiM. 
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«"'i-         2.  Soda-nitrate  (^  rhodium.  Dark  red  crystals,  easily  soluble 
in  water ;  but  not  soluble  io  alcohol  • 

3.  Caicareo-niiratet. 
I.  Ctdcareo-nitrate  of  magnesia.    When  conceDtmted  sdii- 
tions  of  nitrates  of  lime  and  of  ma^^esia  are  mixed  tt^theri 
double  Bait  precipitates  which  is  witli  difficulty   soluble  la 
water,  t 

V.  Compound  salts  of  carbonic  add. 

Ammonia-carbonates. 

1.  Ammrmia-carbonate  of  barytes.  M^hen  ammonia  Dot 
saturated  with  carbonic  acid  is  mixed  with  barytes  wat«r,  do 
precipitate  fells,  nor  does  it  fell  if  an  excess  of  carbonic  acid 
gas  be  present.  Does  tliis  indicate  the  formation  of  a  doable 
salt,  or  is  it  merely  a  bicarbonate  of  barytes  that  remains  in 
solution  ? 

2.  Ammonia-carbonate  of  lime.  The  preceding  observati<Hii 
apply  also  to  lime-water  and  chloride  of  calcium.^ 

3.  Ammonia-carbonate  of  magnesia.  When  a  solutum  of 
carbonate  of  ammonia  is  mixed  cold  with  sulphate  or  mumte 
of  magnesia,  prismatic  crystals  are  gradually  deposited.  When 
heated  they  leave  magnesia.  They  are  scarcely  soluble  in  ■ 
solution  of  carbonate  of  ammonia.  But  when  put  into  water 
they  undergo,  according  to  Bucholz,  a  gradual  decoinpositioD. 
The  constituents  of  tins  salt,  according  to  Bucholz,  are 

Carbonic  acid  .         .         32 

Magnesia  .         .  16 

Ammonia  and  water      .         .         50 

100 
According  to  Guibourt,  the  magnesia  constitutes  15*625  per 
cent,  of  the  weight  of  the  salt 

4.  Ammonia-carbotmte  of  gbicina.  Carbonate  of  gludoa 
dissolves  abundantly  in  carbonate  of  ammonia.  The  colourless 
Bolution  is  decomposed  both  by  heat  and  by  acids. 

5.  Ammonia-carbonate  of  yttria.  Carbonate  of  yttria  like- 
wise dissolves  readily  in  carbonate  of  ammonia.  When  tke 
Bolution  is  concentrated  the  double  salt  precipitates  in  the  state 
of  a  white  powder.     Heat  or  acids  decompose  this  salt 

•  BerzeltuG.  f  Bergman. 

i  See  Vogel,  Ann.  de  Chim.  Ixxxix.  IW. 
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0.  Ammonia-atrhtmate  qf  zirronia.  Ciirbvnate  or  bkar- 
boiHitu  »f  mnmoiiiii  <IUgolv««  tliv  liy(lrait«  of  xirconia  very  slowly 
and  incompletely:  but  it  un  belter  solvent  of  tbe  cnrbonnt« 
of  /itconia.  Wlieo  llic  luilutimi  h  Ixiilml  Uie  ztrcuiiia  ■»  iiguin 
predpiUiloH  in  iite  ntnle  of  a  hydmtr. 

7.  Ammottia-riirhoMitetf  peroxide  of  iron.  Tli«  iiyiJnitcd 
p«rnxi<lo  uf  iron  (IImioIvos  rcfl<lily  in  conccntratei)  carbonate  of 
antmoniii  with  B  broniiisli  rrd  colour,  and  is  af^in  prvcipiuited 
wli«n  (lie  soluiiou  i»  diluted  witli  water. 

&  AmtnoHta-ruHfinate  oj'  r<^per.  C'itrboniite  of  copper  dis- 
snlves  in  ciiriioiintf  of  umtnoiiia  in  Kinidlvr  qnniility,  i\ni\  the 
solution  lias  a  liglitcr  colour  than  the  solittiun  of  oxide  of 
copper  in  liquid  ammonia. 

0.  Atnnvmia-rarboMite  of  moiifMfiattn.  Hydmled  protoxide 
of  molybdenum  does  not  dUsolve  in  pure  lunmoiiia  or  its  car- 
boaate.  But  wlicii  an  e.vcesd  of  carlioiiale  of  ammonia  is  wided 
to  8  !aJt  of  molybdenunt,  the  precipitate  at  first  thrown  down 
»  redi^!4olved,  and  Uie  titpiid  iLv>umos  ii  lUrk  brown  colour. 
*Fh<'  ]ir>t'ipi(iit(*  ugain  appears  when  tlie  liquid  is  hoiled.* 

10,  AmiHOnia-i-arbfmatrd  hirfiriitf  if  moti/fMlrnmn.  The 
hydnited  binoxiile  of  tnolybdenum  'li^^olveH  in  afiucotw  carbo- 
nate of  ammoiiiii.f 

11.  AmmoHia-ctrrfiotiafe  q/' uranium.  The  light  grtfn  pre- 
cipitate tJirown  donii  by  curbonutc  of  ammonia  IVom  llic  sul- 
phate of  uranium  <li!!solve«  in  an  excess  of  carboiute  of  wn- 
monia  and  the  solution  ba>  a  green  colour. 

19.  Amnumia-mriioiiatni  prroxide  if  HroHimn.  \Mien  newly 
preeipilntitl  carbonated  jieroxide  of  unmium  is  digested  in  car- 
bonate of  ammonia,  n  line  yellow  colourwl  solution  is  o))taiued 
which  deposites  rich  yelliiw  cry*tabi  conHtnting  of  four-siidtKl 
prisms  with  rectangular  luu-cs.  'litis  siilt  is  tustelctut  am)  in- 
,      soluble  in  water.     Its  coustituentv,  hy  my  aiudyHiii,!  are 

13  atom*  carbotiato  of  ammonia  .  I4'4t'i5 

I  atom  CBrlxiuntcd  peroxide  of  unuiium  .         30-75 

4  atoms  water  4'SO 

49-1*73 
13.  Ammonia-forboMilr  of  litanir  add.       If  a  Mtlution  of 
tllaaie  aci<l  in  an  acid  be  dropt  into  carbonate  of  lunmonia  the 
prrclpltiilr  which  falU  U  ri-dif>sulred.      \S'ben  tlic  liquid  i* 
boiled  tlie  titanic  acid  'a  a^in  precipitated. 
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3.  Potath-eaiboiuaes. 
I.  Poianh-rarbonaie  ((f  magnrsia.  When  a  Bolutwn 
bicarbonntc  of  potasU  is  poiirctt  into  u  solution  of  mumtc  < 
magnesia,  butli  in  atomic  proportions,  no  precipitate  appMni 
first,  but  ill  Hboiil  24  houni  there  is  a  deposits  of  irregid 
crystals  in  ^oiipi,  uOiicb  constitute  a  compound  ralc  At  fit 
tliey  appcur  t<ifltcb-!M,  but  finiilly  b'iivo  an  nlkaline  imprMM 
In  cold  Wilier  tlivy  full  into  pow<U>r,  bicarbonate.'  of  potadi  di 
solves,  and  carbonate  of  nuignesiu  remains.  When  beat 
applied,  the  salt  gives  out  water  and  becomes  opaque.  If  tl 
beat  be  increased  carbonic  acid  is  given  out,  and  at  a  red  kfl 
n  scmifuaion  takes  place,  l-'rom  tiie  analyRis  of  Beracltui) 
the  constituctits  of  Uiis  salt  axe 


t  atom  bicarbonate  of  potash 
'i  atoms  carbonate  of  uognesia 
9  atoms  water 


n-s 

10*5 

I0l«5 


n 


32124 

2.  PottuK-carhomaeofalumma.     When  carbonate  of  potia 
is  dropt  into  a  solution  of  altiin,  the  precipitate  which  hll 
however  carefully  n>ashed,  always  retains  a  quantity  uf  oriN 
iiate  of  potash.     The  carbonic  actd  uinnot  be  expelled  by  heat 
but  the  salt  dissolves  witli  effervescence  in  tbe  stron^r  acid 

3.  PoliiiJi-cart'onate  ofyttrta.  Carbonate  of  y  ttria  dtssaln 
in  corboniitc  of  potasli,  though  not  quite  so  vasiiy  as  in  csifa 
iiate  of  aminoiiiiL 

4.  Pvta»h-carhonaU  (^  errium.  Protoxide  of  cerium  nu 
be  fused  with  carbonate  of  potiuJi.  The  ctimpound  dinotn 
in  vaWt  with  a  yellow  colour.  We  may  ubuin  tlie  samecoa 
pound  by  dissolving  the  carbonate  of  cerium  iit  liquiil  aub 
nate  of  potash. |- 

5.  Potash-carbonate:  qf  peroxide  ii/*  ariutn.  Carboiutc  ) 
potash  dissolves  some  hydrated  peroxide  of  ci'riutn.J 

6.  Potasfi'CartioHate  of  zirronia.  Ilydraietl  zirconia  does  ill 
dissolve  in  carbonate  of  potash,  and  carbonate  uf  xirconia  vet 
slowly.  But  whi-n  a  ttalt  of  xirconia  is  dropt  into  an  excost 
carbonate  of  pota.>h,  a  solution  is  instantly  cITected,  and  Uiai 
bonatc  of  potash  answers  better  tliaii  carbonate.  A  portioa  a 
tbe  xirconia  ts  thrown  down  by  boiling,  or  by  •'Mitfg  uiaKiiiii 

*  Aflisndlingnr. vi.  IJ.  f  Hi*inger  sod  ScricliuB,         [  Bcnfliw 
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The  remainder  is  lliruwii  down  when  tlie  solution  Ja  boiled  wiUi   ^•^  '-■■■ 
■al  iinimoniac.* 

7.  Potanh-caHxiniitrd  jttroxide  of  iron.  When  a  salt  of  per- 
oxide of  iron  U  supersaturated  witli  eitrbonnte  of  potnsli,  the 
precipitutf^'d  hydraU;  iiguin  dissolves  with  a  Idood-rt-d  culotir. 
It  b  again  thrown  down,  either  liy  heating  or  diluting  the 
li(]uid.  Ilydrulcd  peroxide  of  iron  is  not  soluble  in  a  concen- 
trated solution  of  carbonate  of  potash.  It  would  appear  from 
thia  tluil  the  presvucv  of  th«  other  potash  salt  coutributes  to 
the  wlutiwi. 

8.  PolatU-carhomtte  of  cop/ter.  AqueouA  liiearhoniitc  of 
potaftli  diMolvos  carbonate  of  eajiper.  The  MrlutJon  hii»  a  li^ht 
blue  colour,  and,  according  to  Dobereincr,  yields  octahedral 
cr^ittaU.  When  oside  of  copper  and  carbonate  of  potat.L  arc 
fuHc<l  togetlier,  carbonic  acid  gus  in  evolved,  and  we  obtain, 
according  to  Itcnceliuit,  a  compound  of 

1  atom  rupn>atc  of  pota&li  ,         ,         II 

9  atoms  carbonutc  of  potash  .  26-25 


37-25 
Water  dianolves  out  the  potash  and  ita  carbonate,  and  learea 
oxide  of  crtjiper. 

9.  I'lUiisAforbwate  of  chromium.  Carbonate  of  chromium 
diflsolrcs  in  aqueoiK  carbonate  of  potasJi  abundantly.  The 
solution  htt«  n  gT<is«-grccn  colour. 

10.  Poi'iKAiytrltonatf  ^  deuloxide  of  molsMentim.  Newly 
predpiialcd  hydnile  of  douloxlde  of  niolybdennm  dissolves 
•{wringly  in  carbonate  of  putiuh,  and  the  Kulution  La^ta  yellow 
colour.  Wben  an  cxecu  of  curbouatv  of  poUudi  is  luldod  to  a 
•alt  of  deuloxide  of  molybdouuin,  the  ])re(.-ipitiite,  which  at  first 
appears  is  redissolved,  By  boiling,  carbonic  aciil  is  given  ofT. 
aiid  inoAt  of  tlie  oxide  falls,  but  not  tlie  whole.  When  the 
Holiiiicm  ill  exposed  to  the  air,  ll  hi  B]>cedily  converted  into 
molybdiitc  of  potash.f 

1 1.  PoUuhr-earixmate  (f  peroxide  q/"  ttranium.  Peroxide  of 
uranium  prccipitjitrd  by  carbonate  of  potash,  \»  wluble  in  aque- 
ous carbonate  or  bicarbonate  of  pota&li.  The  solution  is  yellow, 
and  it  depodtes  a  ery»t;dline  crust  of  tlie  double  salu  WNien 
tlie  crystals  are  heated  to  rednesti  they  give  out  water  and  car- 
bonic acid,  and  become  tile-red,  constituting  a  mixture  of  cai^ 
bonatc  of  ]>oDu>ti  and  uraniatc  of  patash4 


BmuIIu*.  t  tbid.  I  ChwwuL 
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c™'-         1'2,  Potash-carboitaUd  titanic  acid. 
carbonated-titanic  acid.     Tbe  titanic  a 
by  boiling  ;  but  it  falls  if  we  boil  it  wi 
maniac. 

3.  Soda-carbonati 

1.  Soda-carbonate  qfyttria.  Carbor 
aqueous  carbonate  of  soda.  But  the  ei 
the  blow-pipe  witli  carbonate  of  soda." 

2.  Soda-carbotmte  of  silica.  Boilin: 
solves  hydrate  of  silica  very  abundant 
on  cooling,  ia  the  state  of  a  jelly.t 

3.  Soda-carbonate  of  copper,  Simi 
of  Boda. 

4.  Soda-carbonate  of  titanic  acid.  1 
nated  titanic  acid. 

5.  Soda-carbonate  of  devtoxtde  of  n 
potash -carbonate. 

6.  Soda^arbonate  of  peroxide  of  WMJ 
oxide  flf  uranium  precipitated  by  carbc 
in  carbonate  of  soda,  it  dissolves  with  i 

4.  Cakareo-carbont 
1.  Cakareo-carbonates  of  magnesia, 
known  by  the  names  of  bitter  spar, 
It  is  a  compound  of 

1  atom  carbonate  of  lime 

1  atom  carbonate  of  magnesia 


VI.  Compimnd  salts  qfphos 

1.  Ammimia-p}tos}jh 
1.  AmiHonia-phonphales  of  soda.  1 
to  chemists  by  the  names  ofmicrocosmi 
nriiie,  was  extracted  from  urine,  and 
tlian  any  of  the  other  phosphates,  it  w 
phers  were  able  to  form  precise  notion; 
or  even  to  obtain  it  in  a  state  of  pur 
first  who  pointed  out  the  method  of  pro 

■  Oahn  nnd  Berzeliiis.  f  Pfuff,  Sehi 
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I     puUlisJied  n  detailed  ik'scrijitioii  «f  ibi  propertion.     Ho  ftliowed    ^**-'-"- 
Iftitltul  it  Mintuiiiod  nmtuoitui,  and  tliitl  ityic<ltIi.HlpUa»'|>liorut«;  but 
^'lic  >\id  lint  Micccpd  in  <ilwovcriiig  its  wbole  coiiMituviils.* 

It  M  oaHily-  prepared  by  mixliiff  iwlutions  of  the  two  constitu- 
onis  in  thp  iitomie  proportions,  and  concentrating  the  solution. 
It  crystallizes  in  fine  four'oided  ree tang iilar  prisms,  terminated 
by  rectangular  linses.  I'lic  tn»ti;  i»  Kiline  luid  cooling,  and  the 
sail  diwolvcs  with  fiicility  in  Mittvr.  When  hratod  it  mtdlsin 
its  water  of  rryHtailization.  If  the  heat  be  coniiiiuLHJ  tlie  water 
bi  (Insipiated,  ai>d  in  a  red  heat  the  ammonia  also  ih disengaged 
I  leaving  :in!iydrouaIiiph»s]>hate  of  floda.  llic  constituents  of  this 
'     Wilt,  iiecoidiiij{  to  my  iinalyxL*,  itro 

I  I     atom  p!io»jihnle  of  ammoiita        .         .  6-6125 

^m        I     atom  phoNpluitc  of  tio<ln  8-500 

^1     19-S  atoms  wnti-r  2l-037r> 

H  37-OG'25t 

^P  It  is  clear,  I  think,  that  there  exUls  aiiotlier  amnionia-phoa- 
^^plmtc  of  sodn,  which  contains  less  water  of  crystalliiuiiioii,  and 
cryalallizim  uiuk-r  (|uite  n  different  fonn.  l-'or  Mitchcrltch 
I  descriheH  the  form  of  the  crystal  fts  a  doubly  ulilique  rhomliic 
priim,  tlie  hilrnil  faces  of  which  are  inclined  at  angles  of  OfV' 
44',  while  the  inclination  of  the  bii*e  to  a  siiie  is  !);!"  4',  A 
form  <]uite  different  from  whut  I  obtaiued.  Wb<^u  I7ii-fiti 
pwia  of  Miicherlich's  cryrijils  xv(^tc  ignited,  the  lotui  of  weiglit 
WM  7&'3(1  partH.  While  100  parts  of  my  crj-stali),  Iri-nted  In 
th«  WHO  way,  lost  6a  part.t.  ilcnce  Mitehcrlidi's  crystaU 
mtnt  be  composed  of 
,  1  atom  phinpliatv  of  aminontu        ,         ,  6*6*26 

^^         1  atom  pliii'.|)hiite  of  soda  8*500 

^1       10  atom«  water  \\*25 

^  '2a-:J75t 

XtiP  probability  is.  thai  my  salt  contuiiie<I  juHt  double  the  qujui- 
tity  of  naier  of  crystal  ligation  tliat  Milcherlich's  salt  did. 

3.  AmmoHiti-iihotphabi  of  miiijHe»ia.     'J'hls  salt  occasionally 
cryHtidlixe*  in  male  urine.     In  ^uch  vastnt  it  in  lnutH}Mrent  aiid 
c«iluutlc*(«,  and  the  crystals  htv  rigtit  rcetangiihtr  prisms,  with 
luire  lunseii.     It  is  formed  also  when  a  soluhtv  phoHphute  and 
ummoniacal  salt  are  mLxed  with  a  solution  of  sulphiite  of 
magnesia.     It  precipitates  in  the  fonn  of  a  white,  tastvleM, 


CU1 


•  Ofmt.  I  133. 

I  Ami.  lie  aiini.  rt  de  Phys.  xb.  40(1. 


t  Tmt  Princifilc*  U.  484. 
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insoluble  powder ;  but  easily  soluble  in  acetic  add,  or  muml 
"  add.     The  constituents  of  this  salt,  by  my  analyus,  are 

1  atom  phosphate  of  ammonia  6-625 

1  atom  phosphate  of  magnesia  .  6-5 

4  atoms  water  ....  4-5 


17-625 


Riffault  analyzed  an  ammonia-phosphate  of  magnesia,  wU 
would  seem  to  have  contained  only  half  the  phosphoric  aod 
the  preceding;  salt.     Its  constituents  were 

1  atom  diphosphate  of  ammonia        .  8*75 

1  atom  diphosphate  of  magnesia        .  9-5 

5  atoms  water         ....  5*625 


23-875 


The  analysis  of  Lindbergson  coincides  with  my  own. 

3.  Ammonia-phosphate  of  iron.  When  ammonia  is  add 
to  biphospbate  of  iron,  a  greenish  precipitate  &lls,  eolnUe 
an  excess  of  the  predpitant,* 

4.  Ammonia-phospKated  peroxide  of  iron.  WMte  phoqihal 
peroxide  of  iron  dissolves  with  a  brown  colour  in  liquid  t 
monia.     The  salt  can  be  again  precipitated  by  evaporatioD. 

5.  Ammonia-phosphate  of  nickel.  When  the  solution 
phosphate  of  nickel  in  ammonia  is  boiled  till  no  more  amiM 
is  disengaged,  thb  salt  &lts  down  in  light  appte^^^en  flock 

6.  AmTnonia-phospbate  of  molybdenum.  Phosphate  <A  i 
lybdenum  dissolves  in  liquid  ammonia  with  a  daric  hro 
coIoar.§ 

2.  PoUah-pkosphate*. 
1.  Potash-phosphate  of  soda.  This  salt  was  obtmned 
Mitcherlich  by  saturating  biphospbate  of  potash  with  carbon 
of  soda,  and  crystallizing  the  liquid.  The  crystals  are  donl 
oblique  prisms,  the  lateral  faces  of  which  are  inclined  atanj 
of  78°  40'j  and  the  base  of  the  prism  is  inclined  to  the  late 
feces  At  an  angle  of  94°  1',  according  to  Mitcherlich's  m 
sureroents.  The  constituents  of  the  salt,  according  to  Mitd> 
lich,  are 


*  Vogel.  "t  Doberdntf,  Schweigger's  Jour.  xxtL  27). 

J  Tupputi.  $  B«neUiu, 
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I  nloni  plio»pIiate  of  potasti 
1  atom  phosphato  of  soda 
17  atoms  water       .        . 


10>6 
frS 

36-135 


8.  Caharto-phospka/et. 
1.  Calcarro-pkosifhate  of  peroxidt^  i^  uranium.     Tliis  salt 
occtirs  native,  and  h  known  by  tl)v  name  of  urau  mica.    From 
Berzelius's  analytic  it  Its  n  compound  of 

S  atoms  phuspliiitod  peroxide  of  uranium  GA-S 

1  atom  subscsquiphospbatc  of  lime             .         9-75 
12  atoms  wat^r 13*5 

66-75 

4.  Magnraia-phofphaUs. 
I.  Magneaia-phoKphalt  qfnkkel.    W'lien  a  solu^on  of  ostd« 
of  nieket  and  of  magnesia  containini;  phosphoric  acid  is  preci- 
pitated by  ammonia,  tltis  salt  &II9  dowii.* 


w 


6.  Frrro-jAo^pkat€». 
I.  Ferro'phosphateofmanganete,   The  mineral  called  lri/>/i'/«, 
is  a  compound  of 

1  atom  diphospbate  of  iron         .         .         19'fi 
1  atom  diplio»pliatc  of  manganese       ,         1!)'S 

27 

VI L  Compound  salts  of  pht>spborova  acid. 


I.  Ammonia-phoxphiie'. 
1.  Ammonia-photjthUe  t^  magnt^ia.     Obtuned  by  mixing 
together  solutions  of  the  two  constituents  in  tW  atomic  prop<v- 
tiom.     It  crystallises,  and  is  slightly  soluble  in  watcr.f 

Vin.  Comjiuutui  salt*  of  argmic  acid. 


1.  Amti>OHia-<ir»eniatfji. 
ia-arsemale  of  soda.     This  sail  !«  obtained  by 


•  Roae. 


t  FouTcroy  and  V'auqudin. 
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*^"  >'     mixing  the  two  constituents  together  in  the  abnnic  ptoportioD% 

~~  and  concentrating  the  solution.     The  crystals,  according  to 

Mitcherlich,  have  the  same  sliape  as  those  of  «mmoaia-pho§- 

phate  of  soda,  with  a  minimum  of  water.     The  constituents  <tf 

the  salt  are 

1  atom  arseniate  of  ammonia  .  9-375 

1  atom  arscniate  of  soda  .         .        11-25 

10  atoms  water  .  .  ,         11*25 


31-875' 


2.  PotaskrOTseniatea. 

1.  Potash-urseniate  of  soda.    Obtained  by  neutralizing  Ihb- 

arseniate  of  potash  by  carbonate  of  soda,  and  concentrating  the 

solution.     The  crystals  have  the  same  form  and  characters  ■> 

those  of  potash-phosphate  of  soda.     The  composition,  accof^ 

ing  to  the  analysis  of  Mitcherlich,  is  similar,  being 

1  atom  arseniate  of  potash       .  13-26 

1  atom  arseniate  of  soda  ,  1 1  -25 

17  atoms  water        .  .  19-125 


43-635 


IX.  Compound  salts  of  silicic  acid. 

1.  Potash-silicaUs. 

1.  Potash-silicate  ofbarytes.  When  barytes  water  ismiiMl 
witii  a  solution  of  silicate  of  potash,  this  salt  is  precipitated.  It 
would  appear,  from  Dalton's  observations,  that  it  is  a  com- 
pound of 

1  atom  disilicate  of  potash  .  14 

1  atom  disilicate  of  barytes         .  21 

35 

2.  Potash-silicate  of  lime.  Formed  in  the  same  way  as  iIk 
preceding  salt,  which  it  doubtless  resembles  in  its  composition. 

X,  Compound  salts  of  chromic  add, 

].  Potash-chroiHotes. 
I.  Potash-chromatc  of  soda.     This  salt  is  easily  formed  by 
*  Ann.  lie  Chim.  et  de  Vhyn.  xix,  39S, 


A  M  MOK 1  \-TL' HOSTATK. 

neutralizing  btchromale  of  potaaix  with  carlioiiate  of  scxla,  anil 
conccntrutiDg  the  solutioti.  It  i«  deposited  in  twautiJitl  yellow 
crystals,  wliieh  seem  to  be  four-«lded  oblique  priitmii,  WIh>h 
heated,  they  decrepitate  and  become  red;  but  recover  their 
colour  on  cooling.     They  are  composed  of 

1  atom  chromate  of  pataili  .         I*2'5 

I  atom  cbromatc  of  sodu  .         I0'5 


k 


29 


1 


with  about  half  an  atom  of  water,  probably  only  mechanically 
lodfTcd  between  the  plates  of  the  crystals." 

'2.  Poitu/t-cliromatc  of  magnesia.  Obtained  by  digestinfj;  a 
Mlution  of  bichromate  of  potash  orer  carbonate  of  magnesia 
till  the  salt  becomes  yellow,  and  '%»  fully  saturated.  When 
Uie  liquid  i'*  concentrated,  ii cruHt of  tltcdonblcAaUi^dcpotiitcd 
at  tlie  bottom  of  llie  vmsc).  It  U  composed  of  a  congcrieti  of 
•txuiil  hard  crystals,  so  closely  compacted,  that  it  is  scarce 
poasiblc  to  recognise  the  shape.  I'hc  colour  is  a  fine  yellow, 
•nd  tltc  wdt !»  not  altered  by  e.xposiire  to  the  air.  1'he  taste 
is  bitter  and  iiopleusanL  llic  sidt  is  pretty  soluble  in  water. 
Wlicn  heated,  it  becomes  red;  an<l  it  retains  that  colour, 
tboi^l  with  a  strong  tint  of  yellow,  after  it  has  become  coI<L 
In  a  strong  red  heat,  it  fuses  and  effervesces,  as  if  a  gas  was 
inaking  la  escape.  The  colour  becomes  biown,  and  the  salt 
is  no  longer  completely  soluble.  Its  constituents,  by  my  ana- 
lysis, are 

1  atom  chroniale  of  potash        .         12-5 

1  atom  chromatc  of  magnesb   .  9-0 

2  atoms  wtuer  .         .         .  3*25 

XI.  Compmtnd  laU*  <^  Hmr/ftic  acid. 

I.  AmMonia-lmi<fUatf-. 
1.  Ammonitt-tungtiate  1^  tnotybdenma.  Wlien  aramonta  is 
dropt  into  an  aqueous  solution  of  tiingstate  of  deutoxide  of 
roolyI>deniim,  ttic  liquid  becomes  colourless,  aiid  aAer  gome 
droe  a  white  powder  is  deposited,  which  is  insoluble  iu  water» 
and  from  wluch  soda  se|>anitcs  deutoxide  of  molybdenutn.4; 


•  Phil.  Ttmm,  ts«7,  p.  ns. 
II. 


t  Ibid.  !>.<». 


X  Bertcliui. 
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XII.  Compoand  taU*  oft 

1.  AmnonicHoaii 

1.  ^ffunonta-oxa/ate  of  potash.  Wl 
ia  saturated  witli  ammonia,  and  the  so 
double  salt  shoots  into  needles,  whid 
posure  to  the  air.*  ■ 

2,  AnuBonia-oxfikae  of  magnesia,  \ 
ate  of  magnesia  and  oxaUte  of  amm< 
and  concentrated,  this  double  salt  is  ^ 
stituting  a  white,  translucent,  impel 
tasteless  crust  It  requires  more  than 
vater  to  dissolve  it  This  double  sail 
Brandes,  who  found  its  constituents  to 

Oxalic  acid 
Ammonia 
Magnewi 
Water 


This  corresponds  with 

3-04  atoms  oxalic  acid, 
1        atom  ammonia, 
2'36  atoms  magnesia, 
1-68  atoms  water. 
If  we  allow  for  an  excess  of  ^  atom  of  i 
likely  to  be  an  e^ro^  in  the  analysis,  f 
of  obtaining  magnesia  in  a  state  of  put 
leads  to  the  conclusion,  that  the  true  coi 

1    atom  oxalate  vS  ammonia 
3    atoms  oxalate  of  magnesia 
1 J  atoms  water         .     .   . 


3.  Amnumia-oxalate  ofperoxuk  (fin 
powder. 

4.  Ammonia-oxtdate  of  cobalt  Oxal 
in  a  concentrated  solution  of  carbona 
solution  has  a  crimson-red  colour,  and 
exposure  to  the  air. 


•  Wenwl, 


f  SdiwoQ 
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5.  AmntONia-iixalaU  of  nickel.    Oxalate  of  ammonia  dUsolves    *«^  *■"■ 
oxidate  uf  nickel,  and  when  ibe  solution  \«  coiict^ntnitiid,  the 
doublv  salt  is  deposited  in  ^Kea  coloured  pmmii.* 

6.  Ammemut-oxnbUe  t^f  copper.  Of  this  salt  there  are  three 
^wcie%  all  of  which  were  first  examined  and  analysed  by 
Vog«l  of  Baj-routb. 

{1.)  7%f  neutral  tail.  Thid  salt  wa«  obtained  liy  mixing 
together  a  solution  of  oxalate  of  ammonia  and  nxalnic  of  cop- 
per, and  digesting  tlie  mixture.  The  oxalutc  of  copper  soon 
dimolved,  and,  by  evapontioii,  small  crystals  were  deposited 
in  Ibc  form  of  rhomboidal  plates.  These  crystals  constitute 
tbc  salt  in  qnestion.  They  are  not  altered  by  exposure  to  the 
Btmoapbere.  They  are  insoluble  in  water,  but  are  gradually 
decomposed  by  that  liquid.  When  healed,  they  give  out 
water,  and  afterwards  ammonia.  When  suddenly  heated,  they 
detonate  loudly,  and  leave  oxide  of  copper.    The  constituents 

iof  this  salt,  according  to  \'ogers  aiialjsis,  arc 
1  atom  oxalate  of  ammonia  6*625 

L  I  atom  oxalate  of  copper  .         9'fi 

[  3  atoms  water  .         .         .         3375 


^ 
^ 


19*5 

(2.)  The  stibsait.  If  oxalate  of  copper  be  put  into  caiHds 
ammonia,  and  agitated  till  as  much  of  it  be  dissolved  as  can  be 
taken  up  by  the  cold  liquid,  and  the  liquid  be  then  poured 
into  a  flat  dish,  it  gisdually  deposites  dark  sky-blue  crystals, 
oomposed  of  flat  sLx-side<l  prisms  having  two  broad  and  four 
aarrow  laces.  These  crystals  speedily  effloresce  when  ex|>o&ed 
to  the  air,  and  not  only  water  but  ammonia  likewise  is  <liMn" 
gaged  from  it.  The  lo«s  which  it  sustains  by  effloresdng  is 
18  per  cent.,  and  it  loses  no  weight  even  when  exposed  to  the 
beat  of  boiling  water,  Acconling  to  the  analysis  of  \'ogel, 
asaisted,  however,  by  some  calcidation,  tlie  constituents  of  this 
Bait  are  as  follows  :f 

1  atom  dioxahitc  of  ammonia  8-75 

1  atom  dioxalato  of  copper        .       14*5 
3  atoms  water  .        .  3-25 

95-5 

Stibtetquiiott.     If  a  greater  <iiiantity  of  oxalate  of  cop- 
)  pat  into  caustic  ammonia  titan  the  alkali  b  capable  of 

*  TuppMi  f  Schoeiggcr's  Joumsl,  lii.  St. 
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'■  diMolrtng,  die  oxalate  of  coppor  U  gradually  changed  uiu  a 
Bandy  powder,  very  similar  in  its  appearance  to  smalt.  Tih 
powder  is  the  nit  in  question.  It  is  not  altered  by  exposure 
to  the  air,  nor  by  a  bent  sufficient  to  deprive  tbv  first  subspe- 
cies of  itfl  vrator  of  crystiillixution.  When  more  strangly 
lieated,  tbe  ammonia  in  driven  off,  and  the  residue  bums  triA 
flame  like  the  two  preceding  subspecies.  Its  constitueati.  as 
determined  by  ^~ogc)  by  experiment^  aided  by  a  little  calo* 
lation,  are  as  follows:' 

Oxalic  add      .  .         4S-0O 

Ammonia         .        .        .  9-72 

PeToxi<Ie  of  oopjter  .         45*58 

Water     ....  1*70 


loo-oo 

Allowing  the  water  to  be  only  mechanically  lo<)gc(l  in  the  in- 
tersUoes  of  tlie  salt,  the  constituents  are  obviously 

1  atom  ammonia      .         ■         .         2*125 

2  atoms  oxide  of  copper  .        10 
2  atoms  oxalic  acid           .         ,         9 


21125 


or  in  tlte  ratio  of  I  atom  acid  to  2  atoms  txtsc. 

2.  Potash-cxatates. 

\,  Pottuh-oxalate  of  soda.  When  binoxalate  of  potad  i> 
saturated  with  soda,  anci  the  solution  conc«ntrate(l.  It  depMtn 
crystals  in  octahedrons,  easily  soluble  in  water,  and  eSloreseii^ 
when  exposed  to  the  air.f 

2.  Potash-o-rata/f  n/a/umina.  Binoxalate  of  pot;ish  disMlns 
hydrate  of  alumina,  iiiid  forms  a  gammy  mass,  remaining  dry 
in  the  lur,  and  eanly  soluble  in  water.) 

8.  Pottuh-arrilatc  of  yttria.  An  insoluble  white  powtler, 
which  when  ignited  leaves  a  mixture  of  yttria  and  cnibamle 
of  po(Aah.§ 

4.  Pokiah-oxaiate  o/ccrivm.  A  white  powder,  insoluhleia 
water,  and  leaving,  after  ignition,  a  mixture  of  protoxide  d 
cerium  and  oaibonate  of  potash.  || 

5.  Pottuk-oxai  te  qftxroxidts  lifinm.  Obtained  bymixinj 
permuriate  of  iron  with  an  exoesa  of  oxalate  of  po(a^    IV 

•  Scbweiggsr'i  Jounul«  vii.  35.  t  Wmiel.  ■  Ibid 

SBmnUus.  I  IbUL 
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solution  depo«jles  §mall,  oblique,  four-sided  pristas,  of  oii  iq)ple-   »«*'•"■ 
green  colour.     The  taste  is  «wect  and  ii>ky,  and  ihc  salt  dis- 
solves  easily  iti  water,  witli  a  light  y«-t!i>wisb^rre(.-n  colour." 

6.  PotasA-axaiate  of  had.  Hi:i(>Xiii«t«  of  potiuli,  when 
digcstiMl  on  oxide  of  lead,  disaalves  a  portion,  and  depoutvs 
the  double  salt  Id  .intall  needW.f 

7.  Polatlt-oxalale  of  copper.  When  biiioxubitc  of  potash 
in  (ligeHtdd  on  carbonAte  of  eupper,  a  dark  sky-hluv  solution  u» 
obtuiii^'d,  which  when  ovuporutud  depositee  crystals  divtiii- 
^ulihed  by  two  different  forms.  Somo  of  them  were  needlc- 
fonn  cry>lal»,  which  spcfdily  effloresced  in  the  uir.  They 
consisted  chiefly  of  long,  slender,  six-sided  prinRis.  The  re- 
fnainin^  crystals  are  oblique  pniullelopipedons  with  rhomboidal 
ends  mueh  larger  tliau  the  lateral  faces.  These  crystals  hare 
a  greener  colour  than  the  iirat  kind,  and  are  not  altered  by 
exposure  to  (he  atino^jihcre.  From  the  analysis  of  Vogel,  of 
Dayreuth,  it  appenrv  tliat  these  two  species  of  miU  <lifi'iT  from 
riich  other  soti-ly  in  tlie  jiroportion  of  their  water  of  crystal lixiir 
tion ;  the  fir^t  kind  conljuning  4  atoms  watvr,  and  the  second 
ouly  'i  atoms. 

The  needle-form  crystals  ore  composed  of 

I  atom  oxalate  of  potiuli         .        I0'5 

(  I  ntoin  oxalate  of  copper       .         O'S 

m  4  atoms  water       ...         4*5 

hil. 
! 


24.-5 

i^hilv  tl>e  coristiuieniti  of  tlie  oblique  prisms  are 
I  atom  oxalate  of  potaali        .        lO'S 
1  atom  oKiLJute  of  copper       .         &*5 
■J  atonts  water       .        .         .         'i*S5 


•22-251 
a    Potash-oxalaU  tf  aHfinFule  of  inerruri/.      ISinoxalate  of 

potu»b  dissolves  suboxide  of  mercury,  and  the  solution  deposites 

the  double  salt  ui  oblique  prisnis.$ 

».  PUadt-oxaltUe  t(f  Mihrr.     Btnoxalute  of  potash  dinsolvea 

oxide  of  silver,  and  tlie  sotuliun  dcpositcs  rbumboidnl  crystals, 

not  altered  by  exposure  to  the  uir,  and  easily  soluMi'  in  ii-ater.|| 
to.  Potfuh-oiiatate  tjf  lUutoxide.  of  mots/ixitimnu     0!>laiiicd 

by  dissolving  deutoxidc  of  molybdenum  in  binoxalate  of  potash. 

The  "alt  is  soluble  in  water.H 

^      •  Bochob.  OclilcD'»  Jour.  (W  stnen).  Ix.  679.  +  Weiud. 

■       I  8<hwciKcr'«  Jour.  ii.  4ai.        (  WenwI.         I  Ibid.        1  Btfwiiiw- 
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11.  Pottuhroxakoe  of  molybdie  acid. 
dieaolves  molybdic  acid  readily,  but  the 
crystallize.* 

12.  Pobuh-oxalate  of  antimony.  Vi 
glass  of  andmocy  and  oxalate  of  potasl 
and  the  solution  repeatedly  crystallizt 
obtained,  a^utioated  in  stars.  They  '. 
and  metallic  taste,  and  at  fiO°  digsolre  in 
of  water.  They  contain  20-19  per  ceni 
zatioD,  and  possess  the  emetic  propertiei 

3.  Soda-Oxalatea. 
1.  Soda-oxalate  of  copper.  Vogel  of 
salt  by  saturating  binoxidate  of  potash  i 
a  saturated  solution  of  sulphate  of  cop[ 
pulverulent  precipitate  fell,  which  was  r 
On  evaporating  the  liquid,  the  triple 
copper  first  crystallized.  Afterwards  c 
of  copper  were  deposited.  TTiese  cryi 
blue  colour.  They  are  needle-form  i 
consist  of  four-sided  prisms,  sometimes  n 
sometimes  with  two  broad  and  two  ns 
not  altered  by  exposure  to  the  air,  at  U 
resce  nor  deliquesce ;  but  they  gradua] 
then  dark  brown,  without  any  other  ap 
this  change  takes  place  very  speedily  in 
insoluble  in  water  without  decomposidt 
analysis  of  Vogel,  the  constituents  of  th 

1  atom  oxalate  of  soda 

1  atom  oxalate  of  copper 

2  ^oms  water 


XIII.  Compound  salts  (^ a 

1.   Ammonia-acetaU 

1.   Ammonia-acebOe  of  copper.      O 
acetate  of  copper  in  aqueous  ammonia  s 

*  Benelius.  f  £.asMigiie,  Joui 

X  Schweigger'a  Joumal,  vii.  SI. 


AMMO  K I A-TA  RTR  ATES. 


Smnli  Wue  crystals  are  deposited,  smelling  of  acetic  add,  and 
efflorescing  when  exposed  lo  llic  air.* 


3.  Sodo'acetateii, 
I.  Soda-acflate  tff  rhodium.      A  red  coloured  suit,  easily 
tacdabic  in  ti-ater,  but  uot  in  alcolioLf 


^^  I.  Caleareo-arttatc  <(f  copper.  Tbis  salt  was  prepared  about 
12  years  ago  by  Messrs.  Turnhnll  aiid  Uamsay  of  Glasgow, 
for  tbe  ealtoo-]irinters,  who  probably  used  it  as  a  resist  pa»te. 

»It  has  a  fine  dei-p  blue  colour,  is  translucent,  and  crystallized 
in  six-sided  priuns.  It  is  readily  soluble  in  water,  and  lias  tite 
nanal  disugrecablo  cu|)reous  taste  which  distinguishes  tlie  salu 
of  copper.     lu  conNtituents,  according  Ui  my  analysis,  are 

^l  atom  acetate  of  lime  .         .         9'7ft 

I  atom  acetate  of  copper         .         .       11 -fid 
6  atoms  water       ....         6-75 
I.  Po. 


27-784 


XIV.  Compound  *alts  <^  nteUitic  acid. 
I.  Potaeh-meUale  of  silver.    Whenraellate  of  potash  acidu- 

late4l  witli  nitric  aeid  an<I  nitrate  of  lulver  are  mixed  t<^ther 
no  preeipitiittf  falls ;  but  after  M>mc  lime  Mmall  brilliant  trans- 
lucent cr):>L-ilH  are  <lepos)te(l.  They  are  six-«ided  prisms, 
baviug  two  of  the  angles  1'21*  SO*  and  four  119"  U'.  It  \* 
evident  from  llilt  that  tlie  primary  form  i«  a  right  oblique 
prism,  the  faces  of  which  are  inclined  at  angles  of  121°  StKaad 
58'  Sff.  Tlie  acute  edges  arc  replaced  by  tangent  pbrnea, 
which  would  make  ibe  four  new  vtiges  119"  15*,  iiiM<<ad  of 
1 19"  1 1',  as  measured  by  Wbhier.  When  these  crystals  ani 
heated  thoy  first  lose  water,  become  opaque,  and  then  fneell 
u|)  witli  a  kind  of  detonation,  and  leave  a  long  twtstod  mutter, 
composed  of  silTer  and  carbonate  of  poUtsh.} 

XV.  Compound  sa/ts  t^f  tartaric  acid. 

I.  Ammonia-tartrates. 
1.  Ammonia-tartralc  (^' fiotaah.    Tliis  salt  was  known  many 

•  CouIm),  Ann.  At  Chiin.  xerl.  3S7.  t  BcRcliuJ. 

t  Flr«  PrinciplM.  ii.  449. 

S  Wohlcr,  PoggtndorTs  Annnlcn,  vii  3.13, 
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years  ago,  and  is  inentioitcd  hy  Macquer.  It  is  aaa\y 
'  by  Batiuating  bitartrate  of  jwlaali  with  ammonli  ami  ciyil 
listing  the  »o!utii>D.  The  crj-MiaL*  are  at  first  traiw(>areDl.  I 
are  B(iuarc  prisma  tt-nninatcd  by  two  lacos  set  on  two  oppaj 
angles  of  tbe  priflin,  and  mccUng  lit  an  anple  of  135'.  I 
easily  soluble  in  wiitcr.  When  exposed  to  tlie  air  it  offloreij 
lo»eti  its  ummonia,  nml  is  converted  into  bitartrate  of  pott 
This  doiiMo  salt,  by  my  analysis,  is  composed  of 

I  atom  tartrate  of  ammonia         .  .  10"37l 

1  atom  tartrate  of  potash  .         .  14-ii50 

'i  ntoDW  water  ....  S-25 


26-f>75. 
2,  Anmotiia-tartrate  (^  lime.     The  aqneous  sola 
tartrate  of  lime  is  not  precipit«ted  by  anunontit.* 


"1.  PiHasMartraUs. 

These  ore  very  numrroua  on  ucoount  of  tlie  many 
nuents  made  wltb  bitartrate  of  potiub,  wbicb  w»s  long  ooqj 
ered  by  chcmtsts  as  an  aeid. 

1.  Polash-tartrafe  qf  soda.  Tbis  salt  is  usuiilly  pre]4 
by  putting  one  part  of  tartar  in  five  purtx  of  boiling  u'xterJ 
adding  gradually  (.carbonate  of  soda  in  powder  us  long  ■ 
continues  to  produce  lui  elTerTcscrnec.  Tliu  tartar  gradd 
dissolves.  When  tlie  saturation  is  complete,  the  soluttd 
filtered  and  c\'nporatcd  to  the  conastence  of  B  syrup. 
cooling,  the  tarlnite  of  potosh-tiud-soda  crystallizes. 

Tliis  suit  bus  been  distinguished  by  the  name  of  sai4  qfi 
netU,  or  liochelle  sail,  because  it  was  first  formed  and 
duced  into  medicine  by  Mr.  Seignctte,  an  apotbecH^ 
Kochellc.  This  gciitk-inun  recommended  it  in  »  tract 
Ushed  in  l(i7'2.  It  vriut  soon  idler  introduced  into  practic 
Paris  by  Lemery;  auil,  becoming  u  fmbionwblc  mrdil 
made  the  fortune  of  the  discoverer.  For  some  time  it»  < 
posilioii  was  ke])t  secret ;  but  Buulduc  and  Ocofiroy  discor 
its  component  )>art»  in  il'6\. 

This  suit  crystullixes  in  prisms  of  eight,  or  ten,  or  tw 
unequal  »i<le«,  having   ibeir   ends   truncated   at  right 
They  are  generally  divided  into  two  in  ibe  direction  of 
axes ;  and  the  base  on  which  tbey  stand  is  marked  with 
diagonal   lines,  so  as  to  divide  it  into  four  triangles. 


Thcmird. 
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primary  form  is  a  right  rliombic  priKtn,  wliose  faces  meet  at 
angl««  of  100°  aiid  60°.     Sotnctiincs  the  cAgt*  ore  replAocd 

hby  (aiigiiiit  ptancH,  ftoiDCtimes  by  two,  ciiid  sometimes  by  Ibrce 
pbiru-M.'  Tbe  taste  of  the  mlt  is  bitter.  According  to  Osan, 
it8  solubility  in  trutcr  is  as  follows : 

LI  port  of  salt  at  37°J  dbttolves  in  3*3  parts  vater. 
52'  2-4 

75'  1*5 

Acoording  to  Dntndes 
1  port  of  salt  at  42°    dissolvcH  in  2     parts  n-ater. 
L  54"^  1-3 

r  77°  0-49 

OB'-i  0-8 

Sulphuric  or  tartaric  lu-id  occMions  »  precipitate  of  croant  of 
'  tartar,  when  dropt  iiilu  the  solution  of  this  Kilt.  Tlte  KiK-cilic 
'  gravity  of  Uie  cryslnls  b  l-756.t  Its  coostitucnls,  nccording 
to  the  aiulysis  of  Schuize,  am 

I  utoiii  Uirtrutv  of  potash  .         .         14-25 

1  atom  tartrate  of  noAa  .         .         12-25 

10  atoms  wuirr  .         .         11-S5 


37-75 


* 


1 

l-UL    ( 


I  have  sometimes  analyzed  crystals  of  the  alt  having  ten  fttamft 
water ;  but  in  gencnd  (he  water  amounts  only  to  eight  atoou, 
making  the  atomic  wirijjhl  of  ihc  salt  ."^-S.} 

2.  Pottuh-tnrtriUr  Ciflilhui,  When  (be  excess  of  acid  in  th<! 
bitartntte  of  poUuh  is  ncutrali'tcd  by  boiling  the  wit  with  car- 
l>oiiate  of  lilliia,  and  the  salt  is  Ii;ft  to  spontaneous  erapuration, 
we  obtain  brgc  eryKlals,  eon«i>«t!ng  of  rectangular  fourtiidcd 
pri»mK,  wh'Mc  bases  are  rectangk-».  Tlii^  diagonals  of  these 
rcctaiiglL-s  are  dintincdy  marked,  »aA  the  four  txiangles  tlius 
produced  are  streidted  parallel  to  the  siilos  of  thu  rectangle. 
This  remarksible  apjiearauc^  is  |>ornuu)cnt,  and  may  tbt-fefotre 
constitute  a  good  character  of  litliia.  This  salt  dissolve*  readily 
in  water.  It  liatt  «  salt  taitte,  without  any  biltemeas;  «ih1  it 
Hcarcely  altered  by  expi»un>  to  the  a)r.§ 

3.  PtifiiJt/t-larlratr-  i^l/arfftt*.  \\'hen  biiartrate  of  potash  i< 
satitmted  with  tnrytes  water,  no  prvoipitate  falk.)! 

*  Brooke,  Anaala  of  Pluloiopby  (Sd  scrits),  v.  Ul. 

t  WitMD's  Chemical  Eawjs,  v.  67.  (  Pint  I'tinciple*,  ii.  VS>. 

S  Omtlm,  Olibtn't  Anaalen,  Us.  p.  417. 

I  Timord. 


I 
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digesting  4  part*  of  tartBr  in  one  part  of  iron  filings  witli  a  suffi-    -■*■"'• 
dnt  quantity  of  water.     When  the  solution  is  sufEcieDlly 
conccntratwi  it  <iej>witon  (jreenisli  wliite  needles  Uavtng  a  <Iii«i- 
^eenblc  la»t<.s  little  noliible  in  water,  and  not  precipil8te<l  l>y 
alkalies  or  their  corboDBtcs.* 

9.  Poloih-tartrale^ peroxide  of  iron.  This  salt  was  formerly 
callc<)  lartariaed  tincture  of  Mars,  vhalyhtaled  tar/ar,  and  tar- 
tarited  iron.  It  is  obtained  by  a  lArg«  digestion  of  tlie  pre- 
ceding salt  in  contact  with  the  air.  <>r  still  b«tl«r  by  dimolv- 
iog  peroxide  of  iron  in  aqueoat  tnrtur.  The  solutioii  in  yel- 
lowish-brown,  it  does  not  cryHtalti/ir,  acts  as  an  iilkuli,  and  luiS 
a  Dweetisb  and  inky  taste.  The  dry  salt  dissolvc-s  in  four 
times  its  weight  ofwaler,  and  is  nt»o  slightly  soluble  in  aloohul.^ 

10.  Potash- tarfrair  (ifmani/anrnr.  Obtained  liy  liissMtlving 
carbonate  of  inang;tn<-MC  in  aqueous  tartar.  The  salt  t-rystjil- 
liies  with  ditficuky,  is  very  soluble  in  water,  and  is  not  pre- 
cipitatvtl  by  alkalies  or  thfir  carbonates.^ 

11.  Potath-tartratr  tf  cobaJf,  When  solutions  of  the  two 
coiwtilucnts  ore  mixed  and  c^notntiatedtthe  double  salt  crys* 
talUzes  !n  large  rhomboids, 

12.  Polasfi-tartrate  of  nicket.  Obtained  by  boiling  tartar 
and  oxide  of  nickel  with  a  sufficient  quantity  of  water.  Does 
not  crystallize,  has  a  sweet  taste,  and  is  very  soluble  in  water.} 

13.  Potaah-turtrate  of  sitte.  This  Milt  may  be  formed  by 
boiling  together  litrtnr  and  xinc  filings  iiikI  water.  Ii  \n  very 
soluble  in  water,  and  notcasily  crystallized.  No prccipitiition 
is  produced  in  its  solution  by  the  alkalies  or  their  caHronntes.|] 

14^  Polaah-tartrale  (fiead.  Obtiiine'l  by  boiling  a  mixture 
of  tartar  and  oxide  of  lead.  It  is  an  insoluble  white  powder. 
It  is  not  decomposed  by  alkalies  nor  sulphuric  ncid.^ 

15.  Potath-tartraie  of  tin.  This  salt  may  be  fonned  by 
boiling  togetlier  tartar  and  the  oxide  of  tin  in  water.  It  Js 
very  soluble,  and  tlutefore  its  solution  crj-iL-iHiites  with  diffi- 
culty. No  precipitate  is  produced  in  it  by  the  alkalies  or  their 
carbonates.*" 

16.  Pota*h-tartrale  qf  copper.  This  wilt  may  be  formed  by 
boiling  togetlier  oxide  of  copper  and  turiiir  in  water.  The 
•olution  yiehb  by  evaporation  blue  crystals,  which  have  a 
•wretisll  laste,  and  cotilaiii  »  great  proportion  of  melal.ff 
'When  tartar  nnd  co])per.  or  its  oxides,  are  boiled  togetlier,  they 

•  nrasnl.  t  Bucholi.  t  Schvfle.  f  WiibUr. 

I  D^OD  AraJeinidBiis,  mnd  ThniBrd,  Ann.  <it  Cbim.  xxxTfii.  3&. 
1  TbeiMnl.  ••  Ibid.  Ann.  ili-  Chim.  %t.xvm.  3A.        ft  Ibid.  36. 
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■  Ad  impure  hyJroftulphiirrt,  rormod  b;  detanatiiig  in  «  crudble  equal 
weights  of  xiilphiircl  o(  kntimoii}'  nnJ  mtre,  uid  wuhii^  tlie  residuum  In 
water  till  tlie  liquid  coroei  off  UKclcii. 

t  OpuHC.  i.  338-  t  Ann.  de  Cliini.  iiXTtil.  30. 

j  8m  i  detcrijiiion  of  thr  cr}«ul  by  Brooke,  Annali  of  PhiloKfdij  (8d 
i).«.4l. 


titlH  Me4/K>diu  in  J'ulvercm,  publUlied  in  Italy  Id  1620.  This  b<**-  "<■ 
book,  written  by  Dr.  Comadiiniis,  gives  an  account  of  tlie  rae- 
tliodofpreparing  a  powder  wliit-h  liiulbeen  invented  by  Dudley, 
KbtI  of  W'arwick,  and  wliicli  htul  Hcqiiired  great  celebrity  in 
Italy,  in  consequence  of  tlie  wonderful  cures  wlucb  it  lutd  pi*r- 
formeil.  This  powder  wm  compoi^cd  of  scaminony,  sulphurct 
of  itntimoiiy,  itnd  tnrtnr,  tritunilrd  u^ctlier.  The  vxlraordin- 
ury  effects  whicli  it  produced  would  natursdiy  dniw  (lie  atten- 
tion of  chcmistti  to  the  combination  of  aiitimoiiial  preparations 
with  tartar. 

Tartar  emetic  wiw  first  prepared  by  boiliiiK  togctlicr  tartar 
and  the  crorua  metaUorum,'  as  it  wfis  called,  iu  wntcr,  filtering 
the  soliitiot)*  and  evaporating  it  till  it  yields  crystsla;  glass  of 
antimony  vras  afterwards  substituted  for  the  crocus.  But  it 
would  be  lUN-illoM  |g  enuin»ate  the  various  metltods  wtiich 
lure  bc«n  adopted  according  to  the  fency  of  different  opera- 
ton.  1'hcM*  methods  liavc  been  cullectwt  by  Dergman,  and 
arc  dencribed  by  tiim  in  lii*  Iroallsc  on  Antiuumiatttt  Tartar.\ 
Tlio  processes  followed  in  Ixintlon  niay  be  simhi  tn  Kf  r.  Phillips' 
ExperiiwiUat  Examination  of  fhe  Pharmacoptea  Lofidineusis, 

At  present,  the  {jliws  of  antimony,  or  tlie  protoxide  of  anti- 
mony, are  usually  employed.  EJtlK-r  of  ihc^M^  is  mixed  with 
Ita  own  weight  of  tartar,  and  the  mixture  boiled  in  10  or  IS 
jMft*  of  water,  till  the  tartar  be  saturated.  The  solution  is 
tlton  filteri'tl  and  evaporated  till  a  pellicle  forms  on  its  surface. 
On  cooling  it  dcpoMtcn  regular  crystaln  of  tartar  emetic.  Thc- 
nard  ha;  vb««'n-4'd,  that  there  ulwnye  remains  in  tJie  ludution  u 
quantity  of  uncombin«>(l  tartrate  of  potash,  it  ought  not  tlicre- 
fore  to  be  evaporated  too  fnr,  othcrwi»c  tlic  erj-staUof  that  salt 
will  mix  with  those  of  tbc  tartnr  vmetic.^ 

Tailar  emetic  has  a  wliitc  colour,  and  cryetidlize*  in  rhom- 
bic octahedrons. J  WTjcn  exposed  to  (he  air  it  betxHncs  opaque 
and  efHoresces  on  the  surface,  but  does  not  fall  to  powder,  Ita 
specific  gravity  is  2-8946.  Its  solubility  in  water  of  different 
temperatures,  ns  detcnnined  by  Brandos,  is  as  follows : 
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cuwi.  1  part  Bait  at    47°^  duaolvea  in  19     parts  water. 
70  12-fl 

88  e^ 

99-5  71 

122  5-6 

144-5  4-8 

167  3-2 

189-5  3 

212  2-8 

According  to  Phillips,  when  strongly  heated  It  loses  7-38  ; 
cent,  of  water.  When  heated  to  redness  in  close  Te»el 
leaves  a  very  combustible  pyrophorus.  Sulphuretted  hyij 
gen  gas  throws  down  all  the  antimony  and  leaves  a  stdotiai 
bitartrate  of  potash.  According  to  Wallquist  iron  alone  of 
metals  throws  down  the  whole  antimony  from  this  salt.  1 
taric  acid  throws  down  tartar  from  it.  Ammonia  produoi 
Blight  precipitate,  but  carbonate  of  ammonia  is  withoat  acd 
Potash  does  not  precipitate  the  dilute  solution,  but  Garboi 
of  potash  throws  down  almost  all  the  antimony.  When  1 1 
of  tartar  emetic  dissolved  in  460  of  water  is  mixed  with  L 
water,  some  tartrate  of  lime  and  tartrate  of  antimony  &Us, 
no  precipitate  i^pears  when  the  solution  is  more  dilute, 
analyzed  this  salt  by  dissolving  60  grains  of  it  in  water,  i 
throwing  down  the  antimony  by  sulphuretted  hydrogen  f 
I  obtained  24-59  grains  of  sesquisulphuret  of  antimony,  eq 
valent  to  21*23  protoxide  of  antimony.  The  rendnal  liq 
being  evaporated  gave  28*69  grains  of  tartar.  Beooe  the  o 
stituents  are 

Protoxide  of  antimony      .         .         21-23 
Bitartrate  of  potash  .         .         28-69 


49-92 
Loss 0-08 


50 

From  the  analysis  of  bitartrate  of  potash  given  in  a  preo 
ing  part  of  this  chapter,  it  is  obvious  that  28-69  bitartrate 
potash  are  equivalent  to 

Tartaric  acid  .         .         19-12 

Potash  .         .         .  6-95 

Water  .         .         .  2-62 

28-60 


I 
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RcKolving:  ihese  weight*  into  atoms,  wc  iiave  tlie  constituents    '■*■  *■"- 
of  tlie  salt : 

1.997  atam  tattaric  uctd 
X'iH    atom  ]>ri>(oxidc  of  antimony 
1         atom  pota&h 
2-139  atoms  water. 
'the  loiiit  suNtaiiK-d  in  tlic  niuilyHiH  was  chiefly  protoxide  of 
antimony — n  little  having  attached  itself  to  the  tnstde  of  a  glass 
lube.    These  numbers  approach  so  near  the  following  that  we 
can  Itnve  no  doubt  about  the  constitution  of  the  salt  being 
3  atoms  tiirUric  acid         ....         I6-5 
2  atoms  pnitoxidc  of  antimony  .         .         19 

1  atom  potash 0 

Q  atoms  water S'fiS 

*3-75 

We  may  therefore  consider  tartar  emetic  as  composml  of 
1  atom  tartrate  of  potaih  .         .         l4-'25 

1  atom  ditartmtc  of  antimony  .         .         'J7-25 

2  aioou  water 2-25 

43-75 
Mr.  Phillips  ha«  endeavoured  to  demonstrate  that  the  qiuui- 
tity  of  water  in  tartar  emetic  is  thrcv  atoms.*  In  tlie  8|>eeimen 
wliidi  I  analyzed,  and  which  was  opaque  in  consCfjuenec  of 
long  exposure  to  tlic  atmosphere,  the  water  was  certainly  only 
two  atoms.  But  it  is  by  no  means  improbable  Ibat,  in  newly 
prepared  crystals,  there  may  be  an  additional  atom,  which 
gradually  maket  its  escape  when  the  Mlt  i^  left  exposed  to  the 
atmosphere. 

24.  Potash-tartrate  of  antimonic  acid  W'lien  four  jiarta 
tartar  are  digesteil  over  peroxide  of  antimony  two  parts  of  it 
are  dis«>lve<l.  I'be  solution  luis  a  saline  an<l  sw<-«ti»li  taste, 
and  by  *l«w  evaporation  gives  a  CTystaliiiie,  tough,  yellowish 
white  matter,  eajdly  soluble  in  water.f 

'25.  Potath-tarlrate  of  chromium.  This  sidt  may  be  obtained 
by  digeiitiug  tartar  and  green  oxide  of  chromium  witii  a  suf- 
ficient quantity  of  water.  A  deep  blue  solution  is  obtained, 
baring  a  sweet  and  acidulous  taste  when  evaporated  to  dry- 
ness, and  a  black  and  almost  tasteless  powder  remains.  Out 
it  may  be  again  dissolved  in  water  and  a  blue  sweet  soluti' 


Anaal*  of  PtuliMO(Ji}'  (2d  tmt*),  ix.  37?.  f  Ueiger. 
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OMi.     obtained  as  at  fint     This  solution  is  not  predintatei 
~'  aUcAliea.     I  found  this  salt  to  be  a  compound  of 

1  atom  tartrate  of  potash  .  .  14-36 

1  atom  tartrate  of  chromium        .  .  13-25 

2  atoms  water  ....  2-25 

29-75  • 

8,  Soda-tartrtOeB. 

1.  Sodortartrate  of  li&xa.  Obtained  in  tlte  nine  «i 
potash-tartrate  of  lithia.  It  forms  long  four^ded  reeiui 
prisms,  often  terminated  by  an  oblique  fiue.  It  din 
readily  in  water.  Its  taste  is  saline  and  weak,  and  it  a 
goes  little  alteration  when  left  exposed  to  the  ur.f 

2.  Soda-tartrate  of  barytes.  Tliis  salt  precipitstes  ' 
solutions  of  seignette  salt  and  muriate  of  baiytes  are  m 
while  muriate  of  potash  remains  in  solution.  When  tit 
lution  is  very  dilute  the  prempitate  &11b  in  needles,  and 
after  some  days.  The  salt  is  scarcely  soluble  in  water,  1 
dissolves  better  in  seignette  salt  and  in  muriate  of  bsrytet 

3.  Soda-tartrate  of  lime.  When  solutions  of  seignetft 
and  muriate  of  lime  are  mixed  together,  small  white  g 
precipitate,  or  if  the  liquid  be  dilute,  many  small  needle 
deposited.     These  constitute  the  double  salt.     They  are 

'!^  little  soluble  in  water,  but  dissolve  readily  in  solution  of 

nette  salt.§ 

An  aqueous  solution  of  four  soda  dissolves,  when  assist) 
heat,  13  of  tartrate  of  lime.  The  hydrate  of  lime  is  dim 
by  aqueous  tartrate  of  soda.  These  solutions  become  th 
the  oftencr  they  are  heated,  and  are  at  last  converted  to  i 
jelly.  Wheo  too  much  diluted  the  solution  does  not  be 
tlu^.  Subtartrate  of  lime  is  deposited  when  heat  is  alpi 
This  precipitate  is  again  dissolved  when  the  liquid  beo 
cold,  and  the  more  rapidly  the  more  dilute  it  is.  By  ei 
rating  to  dryness  a  white  mass  is  obt^ned.|| 

4.  Soda-tartrate  of  copper.  Bitartrate  of  copper  disa 
readily  in  a  solution  of  soda.ir 

4.  Barptes-tartrates. 

1.  Barytea-tartraU  ofanHnumy.    Obtained  by  predpib 

•  Phil.  T»m.  1887,  p.  816.       f  Graelin,  Gilbert's  Amudco,  liz-  p 
\  Kuter.  ^  Ibid.  Rqiert.  zxn.  ftdO. 

y  Osann,  T  Thensrd. 
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POTAtiH-MALATES. 

emetic  by  a  Inrytc*  Mdt.     lU  coniitituentH  am  in  th«    maui. 
aune  proportiona  lu  tliann  in  Urtar  emetic,  Mibatiluliag  Iwryten  ~ 
for  pota«Ii.* 

5.  CtUcareo-tartralM, 
1.  Caicarto-tartrate  of  antimony.     Shnilar  in  its  forttatloa 

id  coiistitutian  to  tbo  preceding  onlt. 

6.  Arptnto-iartrtitf*. 
I.  Arffento-tartratt  of  fiutiinonff.    OhtaiiiMl  I>y  precipitating 

w  etnctic  by  nitrate  of  iiilvsr.     Ila  conHUtuonbs  a>  deu>r* 
by  the  unalysU  of  WallquUi,  aiv 

1  utom  tartrate  of  stirer         .         .         .         2U 
'  1  atom  ditartrate  of  anthnony         .         .         {J7'2S 

~:  atoms  water       .....  S'SJt 

62*5 
Thus  its  oOBRtitation  U  ibe  same  a«  that  of  tartar  omotio, 
jbatituting  oxide  of  tulver  for  potash. 

WI,  Omiipotaid  soli*  ef  cinic  aieid. 
jimmonia-vinate  ijf  ptroxidr  <^  iron.  Vinated  peroxide  of 
on,  wiicii  mixed  with  ammunia,  n-maiiiR  clear,  and  when 
coBccntmtcd  depoutes  grains  of  a  browniuh  yellow  colour 
eauly  Bolukle  in  water,  and  eniltin^  tlw  ud«1I  of  anunoiua 
bcii  tr«ati>d  with  poluah.  f 

XVII.  CompoHHd  saita  iff  maUic  acid. 

I.  AmmoKia-malate*. 

1.  Ammtmiofmalait  <(f  limr,  Obtainc^l  by  witureting  a 
supermalate  of  lime  with  ninmoiiia.  It  crystallize*  in  the  form 
of  liiinnliiU'  of  lime,  tliough  the  suit  contains  but  liitle  llme.J 

2.  Ammonia-malate  of  zinc.  When  ammonia  i»  addnl  to 
nutau-  of  sine  only  a  |>ortion  of  the  zino  is  deposited,  in  con- 
sequence of  the  formatioi)  of  a  double  Mlt,§ 

3.  Ammonia-matatr  of  lead.  Obtained  when  malate  of  lead 
IB  deoompMed  by  ammonia.  It  is  soluble  and  may  be  crystal- 
lized. | 


i|U«(L| 

H  3.  Polaah-malatt*. 

H     1.   I^ash-malatr  of  lime.     'WHien  potash  is  added  to  the 

k 
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80S  0X.TORN  AOS  SALTS. 

OM  u  nulk-wariB  aolution  of  malate  of  lime  two  double  salto  ■ 
formed,  one  of  wlucli  precipitates,  while  the  other  remain! 
sohition.* 

.  3.  Soda-mtdates,  .  , 

.  \,  Soda-mtdaU  (^  lime.     Carbiuiate  lA  jsoda  readen  I 
solution  of  bimalate  of  Ume  muddy,  even  while  hoLf 

4.  Zinc-maiates,   . 
■  1.  Zhw-malate  of  lead.     This  BRlt  precipitates  when  mil 
of  lead  and  acetate  of  lead  are  mixed  together4 

XVIII.  Compound  salts  of  butyric  acid. 
1.  Barytea-butyrate  of  lime.  When  aqueous  solutioBS 
two  butyrate  of  lime  and  three  botyrate  oi  barytes  are  mil 
together  and  left  to  spontaneous  eraporatioa,  they  depoaiteac 
hedrons^  wbicli  at  64°  dtsgotve  in  3*8  times  their  weight  (tf  wal 
100  parts  of  the  crystals  decomposed  by  sulphuric  aod  I« 
66  parts  of  sutphoric  acnd  salts.§ 

XIX.  Compomtd  aaka  witk  too  aeids. 

1^  1.  Sidpkuric  ttcO. 

~J  1.  Stdpho^hromate  of  potash.     This  salt  was  obtuoed 

i i;    '  mixing  together  solutions  of  three  int^Tsnt  pattieles  of  cfci 

Vi  mate  of  potash  and  one  integiantpaiticleof  tuliihateofpot] 

Ij'/]]  and  concentrating  the  solution.     Greenish  yellow  crystals  i 

R  deposited  in  octahedrons,  or  double  four-^ided  pyramids,  w 

_|(  a  four-sided  square  prism  interposed  between   t^eiB.     1 

crystals  are  tranapareot,  have  a  saline  and  bitter  taste^  u>d  i 

very  soluble  in  water.  When  heated  to  redness  the  salt  b«M 

opaque,  but  loses  no  weight.    It  is  therefore  anhydrooS)  and 

.  ,  composed,  according  to  my  analysis,  of 

6  atoms  sulphate  of  potash         .         .         66 
1  atom  ctromate  of  potash         .         .  13-5 


a 


78-S 


2.  Sulpho-chromate  of  gluciita.  When  sulphate  ti  ^ne 
is  poured  into  chromic  acid  the  af^tearance  of  the  aolatioi 
not  altered ;  but  when  the  liquid  is  evaporated  there  rema 

•  BraconnoL  f  Ibid.  t  UU.  i  fh I 


WITH  TWO  ACIDt.     * 

bHiind  m  double  salt  in  dendriticfti  ctyiitals  in  ■  state  uf  cfRo-  '^-  *•"■ 
resopnce.* 

3.  Sntpho-ncetaee  of  xwlfi,  'Y\\\*  isiilt  vfon  oliUiined  by  Mr, 
Mill  by  luixiu^  togeiluT '200  ^ins  of  iicctittr  of  Umo  drit^i  iit 
tlie  tero)>eraturc  of  4iH)'>  wilti  400  grains  of  rrystalH  of  oulpliute 
of  mmU  bod)  diMi>lvei<l  in  vriilpr,  Tb«  wbnlo  limft  wait  sppa- 
rtilcd  itiid  by  vvnporalion  n  doubtt!  salt  was  olKainc^l  id  cryslnls, 
ftlr.  Mill  lias  not  given  n  descrii>tian  of  U>e  salt,  but  found  it, 
bjr  an^yftis,  a  compound  of 

'!''■■  ■'  7  atoow  aoehite  of  soda 

1  atom  snl|tbut«  of  «odii 

Dodi  ri'taiaiiuF  tlivir  water  of  cryBtallu(atioii.t 

2.   yilrtcWfSd. 

1.  Ni/Trhplio«phitf  ofbaryits.    Whtn  nitrate  of  b«)ryte8  and 
itthiitr  of  ammonEu  atv  tnixml  this  d«tibl«  *nlt  fatla  in  tbe 

of  n  ^'Intinoiis  prpcijiitate.     When  wiwIiM  wiili  wnior 
nrhl  \%  dissolved  and  phospliatc  of  Isniyto^  remains  in  tlt« 
rtat*  of  a  white  powder}  '  '"  ''  -"'i  "' 

2,  mtro-phoi^>kate  of  lead.    When  |>liosplioric  ncid  Isndded 
to  a  Bolntion  of  nitrate  of  lead,  or  wtieu  a  solution  of  ptionpUiitv 
of  lead  in  nitric  \s  concentnit<-d,  anudi  crystalline  grains  are 
precipitated,  wkich,  aecordii^  to  tbe  nnftlyus  of  Benelios,  ara 

I  atom  nitrate  of  Kiid  .         20-75 

_4}  atom*  (>b<w])batfl  of  Itnul    ■  37 


57-75 
The  aiuate  of  lead  hi  easily  wanhed  away  by  hot  water. 
Whim  the  iftlt  w  hMilod  nitrouti  and  is  driven  off,  aiid  Hub«e«- 
qBiyihiw)>hate  of  leiu)  remains.^ 

U.  Sitro-tiintjitatf  of  jfita»h.     This  mil  in  obkunctl  in  tbe 
form  of  a  white  powder;  it  bait  nn  add  and  bitter  lUMte,  red- 
dens the  infusion  of  ttinisole,  and  U  soluble  in  '20  part*  of  boil- 
ing  wntor.  ,  1'hi-  Do  I.uyart*  first  showed  it  to  be  a  compound 
K«f  nitric  actd,  oxide  of  tnngtlen,  and  potash. 


3.  Carbonic  aeiti, 
I.   Carho-pSotpMate  of  mda.      I    give    ifain  name    to  a  «al* 
wliivh  appeared  iu  tJie  pruwiale  of  potash  leyit  in  Mr.  Macin- 


*  John,  AnniU  of  Phi1oi>opli7,  i*.  iM. 

t  AmimIs  of  f^itotojih}'  (!il.  tCGfa),  x.  1 13.  t  BcRCliiu, 

S  Umk,  Ami.  d«  Clrim.  «  dc  Pti;*.  ii.  I«l. 
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()Q4  OXYOEM  ACID  SA1.T8. 

i.i»  1.     toah't  maBufiictory  at  Camprie,  when  crocAnalM  were  aah 
■  tuted  for  the  hoofe  of  cattle  in  the  muttuie  bnmt  for  tlw  l 

0«tion  of  pniaBJe  acid.  It  was  in  pretty  regular  tis-ri 
priBms,  which  had  a  cooling  and  alkaline  taste,  and  gtv 
violet  colour  te  cudbear  paper,  lltey  were  pretty  aolubh 
water,  and  not  altered  by  exposure  to  tbe  ur.  They  «1 
vesced  slightly,  but  distinctly,  in  nitric  acid.  My  aial^ 
this  salt,  when  oorreeted  by  substituting  tbe  tme  ato 
weight  of  phosphoric  acid,  gives  the  ctHistitueaM  of  tUs  al 
follows : 

1  atom  carbonate  of  soda  .         .  6-75 

3  atoms  phosphate  o{  soda        .         .  95'&0 

40  atoms  water  .         45-00 

77-«* 

S.  Cario-taTlraU  qf  aoda  and  ahtmitta.     'When  solntiM 
J  tartrate  of  alumina  and  carbonate  of  soda  each  in  the  ata 

^  proportions  are  mixed  no  prec^itate  fells;  but  when  tbe 

lution  is  left  to  spontaneous  evaporation  a  transparent  cak 
less  salt  gradually  forms  in  long  four^ided  prisma.     Tl 
crystals  do  not  affect  litmus  or  cudbear  paper.     They  hai 
ifjl  disagreeable  taate,  bearing  some  resemblance  to  that  ef  i 

rK  phate  of  zinc     The  constituents  of  this  double  salt  are 

'  '1|  1  atom  carbonate  of  soda  .  6-74 

■f'  1  atom  tartrate  of  alumina         .         ,  10*5 

'  -l  Q  atoms  water  ....  10-125 

ij.;i  

^  27-375t 

'  4.   Titanic  acid, 

1.  Titanio-ailicate  of  potash.     This  cotr^Mnind  remwni 
I  hind  when  titanic  acid  is  mixed  with  an  excess  ef  silKa  i 

1.\  carbonate  of  potash  and  ignited,  and  the   mass  afWwi 

'*<  washed  with  water,  to  separate  the  carbonate  and  siliats 

potash.  While  moist  it  dissolves  readily  ia  concentia 
muriatic  acid,  and  when  the  solution  is  boiled  and  conceatn 
it  becomes  covered  with  a  crust.  Ammonia  throws  dowi 
mixture  of  titanic  acid  and  silica,  &om  which  muriatic  a 
dissolves  out  the  dtanic  add,  leaving  the  sitka4 

5.  Boracic  acid. 

1.   Boro-tartrate  of  potash.     This  curious  compound,  ( 

■  Vtm  Principleh  ii.  Wl.  f  lUd.  f  H.  Rom, 
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ioramttu  of  sonu?  chemiMs,  is  irbtaiiird  by  bmling  tar- 
tar aitd  horncic  arid  for  n  Im^  tim^  in  WBt«r.  Soub^iran  owi- 
oeivcs  tliiit  ttio  bomcic  acid  acu  Uic  part  of  a  Ims^,  nnil  saturates 
t^  »ccoi)d  utom  of  laitsric  aciil  in  tlic  tarUir.  Due  a«  tli«  alt 
ill  rvtiiiiiB  its  acid  properties,  ttm  explunatioit  is  not  An  [>roi1>- 

<lv.  Four  parts  of  tartar,  and  one  of  cryntallized  bornck 
aci»l,  constitute  4-5  part*  of  tlii'  dry  sdl.  It  hiw  a  rcry  sowr 
taMe>  and  wlirn  i^^nilt-d,  K-avct  lioruvtc  arid  and  carbonate  of 
pota«)i.  It  diiMolvos  in  {tKs  of  its  wci^tit  of  cold,  ami  iit  ^th 
of  in  wi'i^lit  of  boiling  water.  The  solution  dcpoftitea  no  titr- 
bir;  but  on  coolinj^,  bt'comes  a  gelatinom,  tnoftpar^nt  mii^ 
wbtcli  contttint  D-.t4  water.  The  aqueouB  sohitioii  of  4  parts 
tartar,  and  0*fi  part  of  anhydruiui  bomdc  ncid,  wlieu  left  lo 
vaporato  under  a  gla.<H  conlainin)^  quicklime,  doiMwiles  white 
riiOBiboidal  crystals,  wliieh  liavo  a  very  sour  taste.  >A'lien 
ont|>o»e<l  by  tlie  Voltaic  pile,  they  deposits  tartar  at  ilir 
[Msitivi-  pole,  and  bomrie  acid,  with  Nnnie  tariarie  aedl,  at  die 
nof^lit-i'  pole.  Tlie  dried  suit  dissulws  in  twice  its  Weigbl  of 
boiling  water,  and  slightly  in  w-eak  alcohol .-  but  not  in  conceii- 
IfBted  iik-ohul. 

3.  liori>-Uirlrale  r^notla.  Bitariratc  of  soda  and  Iwrax  wlien 
lixcd  together  mutually  disiaolve  into  a  gummy,  not  crystal- 
l>le  Kill,  which  deliquoHccs  in  the  air.* 

3.  lloro-Zeirlraie  o/ammrMia  and  palaah.    Obtained  by  mix- 

g  i«o  jwrts  of  tartar  with  one  part  of  borate  of  ammonia.    A 

mmy  mistt,  luiving  a  sour  tnttte.f 

4  Bwo-tartrate  ^ /)otaa/i-<iNd-mda,  Thi.i  is  the  Milt  wliich 
hat  a  pbfle  in  most  of  die  German  PhannacnpceiaH  under  ilie 
name  tifcrrmor  farlari  tolubili*,  and  tannic  j>otn*ita  huruntlus. 
It  \%  iiiado  by  <lt»Kolving  one  jiart  of  borax  in  eight  ports  of 
boiling  water,  ami  lidding  three  p.ir(«  of  tartar,  nr  ka  much  n<t 
It  i*  ciip^le  of  dissolring.  'Hie  compound  thiiH  pre)iitircd  is 
used  in  dropsy,  amenorrlitFU,  UK.  nnd  poMCMCS  nearly  Hht 
nunc  virtue:)  oa  ereaui-of-tartar.  It  is  a  transpuri'nt,  viscid 
mass,  which  may  Ite  dried,  and  then  reduced  to  powder.  It« 
colour  \%  yelli>wi>)i;  it  IiaM  a  cooling,  bilUTi  aitd  sour  taMe, 
more  diwigreeable  tluin  that  of  tartar.  When  expo»e<l  to  tin- 
air  it  deliquesces.  It  ts  soluble  in  its  own  weight  of  cold,  and 
in  halt'  its  weigbt  of  boiling  uiitor.  I  find  that  tliiti  salt  when 
dried  weighs  precisely  an  inui?h  lis  Its  two  CO»«tilUciits.     Ilcnoc 

til  Hilt*  reljiin  their  water.     I  luive  found  it  composed  of 


•  A.  Vo««l. 


I  UMone,  CrcU'»  Jour.  v.  M. 
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ciMiL  '  1  atom  biborate  of  soda       <  \9  ■ 

2  atoms  bitartrate  of  potash     ■      82-3 
12  atoms  water  .         .  13-5 


46 

And  detd>tles8  the  two  salts  m^ht  be  combined  in  otliei 
portions. 

XX>  Combinations  of  ammonia  with  anhydrout  soAi 
It  has  been  long  known  that  several  salts  have  the  pro 
of  absorbing  ammoniacal  gas  in  definite  proportions,  of  ini 
ing  much  in  bulk  and  falling  to  powder,  and  of  again  j 
out  the  gas  without  alteration.  M.  H.  Rose  has  latel; 
eralized  this  observation,  and  shown  that  it  holds  in  > 
number  of  salts.  His  method  was  to  render  the  salts 
drous,  and  then  to  leave  them  exposed  to  an  atmosphc 
dry  ammoniacal  gas  till  they  refused  to  absorb  any  mon 
will  be  sufficient  if  we  give  here  a  table  of  the  anhydrou 
tried,  and  the  proportion  of  ammonia  with  which  they  ui 


I.  1    atom  sulphate  of  manganese 
2    atoms  ammonia 

9-5 

4-25 

2.  1    atom  sulphate  of  zinc 
2J  atoms  ammonia 

.        10-25 
5-3125 

15-5625 

3.  1    atom  sulphate  of  copper 
S|  atoms  ammonia 

10 
5-3125 

15-3125 

BetzeliuB  formed  a  similar  compound  with  hydxouasiilph 
copper.     It  was  composed  of 

1  atom  sulphate  of  copper       .         .        10 


2  atoms  ammonia 
I  atom  water 

4*25 
M25 

4.   1  atom  sulphate  of  nidcel 
8  atoms  ammonia 

15-375 
»d75 

15-625 
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5.  1  Btoni  sulphate  of  cobalt 
3  atoBu  ammonia 

* 
• 

• 

»-25 
6-375 

■mLLIL 

15-625 

6.   1  atom  sulphate  of  cadmium 

^ 

13 

3  atonu  ammonia 

■ 

■ 

«-375 

19-375 

7.  1  atom  sulphate  of  silver 

• 

, 

19-75 

■- 

1  atom  animonia 

" 

• 

2-125 

!-'| 

21-875 

ri. 

&  1  atom  nitrate  of  ulrer 

* 

• 

21-6 

3  atonu  ammoitia 

" 

• 

6-375 

37-875 

^  1 

9.   1  atom  chloride  of  calciam 

, 

■ 

7 

4  atmns  ammonia 

* 

• 

8-5 
15-5 

10.  1  atom  chlorido  of  strontiam 

* 

10 

4  atoms  ammonia 

• 

• 

a>6 

18-5 

11.  1  atom  chloride  of  copper 

, 

« 

8-6 

3  atoms  ammonia 

• 

• 

6-875 

14-875 

12.  1  atom  chloride  of  nickel 

, 

k 

7-75 

3  atoms  ammonia 

* 

• 

6-375 

14125 

13l  1  atom  chloride  of  cobalt 

» 

* 

7-75 

3  atoms  ammonia 

• 

2-25 
10 

14,  1       atom  chloride  of  lead 

, 

, 

17-5 

0-75  atom  ammonia 

■ 

« 

1*595 

19-095 


.:.t 


.SI 


^^4 


"i 


i1 


y-'- 
^«^. 
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15.  1    atom  GJiloride  of  «lv«r 
1^  Rtom  ammonia 


16.  1  atom  eubdJoride  rf  mutmry 
1  atom  ammonia 


17.  1     atom  chloride  of  EBnaarf 
0*5  atom  ammonia 


18.  1  atom  chloride  of  andnuwy 
1  atom  ammoflb 


19.  1     atom  bromide  of  jneiuuijr 
0*6  atom  ammooia 


20.  1  atom  iodide  of  memny 
1  stem  ammonia 


21.   I  atom  cyanodide  of  neroury 
1  atom  ammonia 


1&S5 
3-1875 

21'4375 

a-135 

31-625 

17 
1-0625 

18-0625 

13-fi 
a- 125 

14-625 

aa-A 

1-0635 
23-5625 

a&ss 
a-135 

30-375 

15-73 
2-125 

17-875* 


CLA8B  IL 
CBLORINE  SALT3. 


Chlorine,  like  oxygen,  combines  with  all  the  acidi 
bases,  and  doubtless  forms  acids  with  many  of  them; 
except  muriatic  acid,  or  hydrochloric  acid,  scarcely  any  t 
salts  of  chloripe  have  been  investigated.  M.  Bonsdorf,  in 
has  lately  began  the  investigation  ^  aufie  otj^er  gene 


*  See  Poggendorrs  Annalen,  u.  147. 


dilorine  salts,  ami  has  shown  tluit  the  chtoridc  u(  mcroury  U 

t«Bp«blc  uf  acting  Uio  puit  of  an  acid,  and  combuiiiig  with  a 

variety  of  chlorine  hiis^.     The  «iiiie  observation  upptius  to 

tlic  cUoridc  of  pbiiuum,  of  gold,  uoA  of  ]uilUtliuin.    I  propose 

[  in  the  Mibopquent  section  to  give  an  account  of  iboAe  chlorine 

tits  wlucfa  have  been  hitherto  examined.     Tliix  hmndi  of 

t«heini*try  h  declined  hoTciift^-r  to  acquire  a  muck  grrntiT  rx- 

t  tent  than  it  lias  yet  rtiivhtrd,  and  may  probably  at  lenglli  vi« 

I  in  t0iportaiic«  with  tbc  clasH  of  oxygen  tait*  itaelf. 

SCO10\  I. — or  ML'BIATES  AM)  C1I1X)UIDES. 

Tlic  chemical  law  i*,  tluit  whatever  principle  has  converlod 
tlic  acidifiahlc  batu*  into  on  ncH,  tlie  same  principle  must  have 
conreiicd  the  iiiluLlifiiibIc  bate  into  un  iilkiilE.  Oxygen  acids 
unite  only  wiili  oxygen  bases,  and  chlorine  uvidii  wicli  clilorides. 
When  a  chlorine  acid  is  united  to  an  oxide,  u  doublo  d«com- 
pmition  nnially  takcH  jdiu-c,  water  hetiig  formed,  and  a  chlo- 
ride'. Muriates,  therefore,  mnM  eon^itfl  of  muriatic  acid,  onited 
%o  a  chloride.  Kut  mieh  nits,  suppomniir  them  to  exlHt,  Imvc 
B  not  yet  be«ii  invmtigated.  Most  of  llio^e  Miltm  iwually  culled 
^■muriates,  lira  roally  chlori<les.  Whether  they  nre  all  m>,  Iuia 
^■nol  yet  iH'on  determined. 

^M  1.  Murialc  tff  nmrnoniti,  or  ml  amiHORtoc.  This  salt  has 
^■iwcn  in  common  use  for  Hcveral  centuries ;  but  I  am  not  aware 
of  liny  o-ideiice  that  the  andents  were  acqumnted  with  it. 
Tounit'orlc  appe-iin  M  have  known  its  constituents  in  1 70U. 
eoffroy,  junior,  pointed  them  out  experimentally  in  1710 
id  172.%  as  wiw  afterwards  done  by  Iliiharoel  more  precisely 
tn  1733.*  For  innuy  yean  the  manufacture  was  eoiifinL-d  to 
I^'pt.  About  1760,  a  manubcture  of  it  was  establiithed  in 
B  l^^inburKb  by  Dr.  Hutton  and  Mr.  I>avy,  and  alwutthe  same 
^^time  \-ariouH  tnhnrs  aroM  botli  in  this  country  iiod  on  the  eon- 
^^  Iment.  It  <ma  matle  by  extr»etin|(  sulphate  of  ammonia  from 
•oat.  This  Hilt  was  mixed  with  oaminoii  salt,  nn<l  tuhjected ' 
to  boat  in  large  globnliir  glass  veswls  the  ml  ammonlae 
vnblimed,  ami  wno  obkiiiied  in  a  <'ul(c  at  the  upper  jmiK  of  tJiV 
vcMttl.  'llierc  remained  nnsublimcd  Milplutte  of  Hudii,  which 
«a«  crystallized,  nnd  exported  to  the  continent  in  large  quan- 
lities.  I>nrtnt;  the  French  revolnlinnnry  war.  it  tax  was  laid 
upcHi  tiiv  sulplMlo  of  soda,  'i'his,  by  ruisiiig  tite  price,  put  an 
cm)  to  tlie  sale  of  the  salt,  and  destroyed  almost  idl  the  ul 
atmnoDiiu:  nuuiu&ciarits  in  (treiit  Ilritatn. 

*  ««•  Mm  Pmm  far  iInw  ynn. 
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a—  II-  Sal  ammouiftc  n  *.  white  traiifilucent  salt,  baviag  i.  mUbc 
and  BOraewhat  bitter  taste.  It  cryataliizes  in  r^ular  octilw- 
drtms.  Its  specific  gravity,  as  determined  by  Dr.  Watson,  ii 
1-450.  A  saturated  solution  at  50°  has  a  spet^fic  gtuAj 
1-072.  The  crystals  at  50°  dissolve  in  2-727  times  tltni 
weight  of  water.*  Wenzel  found  it  soluble  in  2-S4  partsnf 
water  of  the  temperature  144-5°.f  A  hundred  parts  of  ako- 
hol  of  the  Btrengdi  0-834  dissolre  1^  of  this  salt. 

In  its  common  form  (which  b  an  opaque  mass)  tiaa  nk  ii 
not  much  affected  by  the  air,  but  its  crystals  are  liable  to  deli- 
quesce. 

When  heated,  it  Bublimea  without  decompomtion  in  thefmi 
of  a  white  smoke,  wluch  exhales  a  peculiar  odour. 

When  this  salt  is  sublimed  with  gold  leaf,  there  is  fimad  a 
the  neck  of  the  retort  an  amethyst  coloured  matter,  bordeiii^ 
on  purple,  soluble  in  water,  and  forming  a  purple  solutioo. 
When  filtered,  there  remains  behind  a  purple  powder.  TUi 
salt  seems  &om  this  to  be  capable  of  oxidizing  gold.^ 

It  is  formed  when  equal  volumes  of  anunoniacal  and  munitie 
tuad  gases  are  mixed  together.    Hence  it  consists  obvioBiljiif 
1  atom  muriatic  add  ,  4-625 

1  atom  ammonia       .         .         2-1S5 


6-76 

Some  chemists  consider  it  as  a  compound  of  1  atom  chhsioe 
and  1  atom  ammonium.  By  ammonium  is  understood  a  hypo- 
thetic metal,  composed  of  1  atom  of  azote  and  4  atani  c' 
hydrogen.  Of  coatee,  the  atomic  constitution  of  the  nltw 
cording  to  both  views  is  the  same;  but  it  would  be  diAcoltu 
conceive  a  reason  why  the  atom  of  hydrogen  previoa^y  vdiei 
to  chlorine,  should  leave  that  substance  in  order  to  units  witk 
azote,  to  which  3  atoms  of  hydrogen  are  already  anited. 

2.  Chioride  f^potaasium.  This  salt  has  been  lo>^  kbont 
It  was  at  first  distinguished  by  the  name  oifebr^vgtj  or  Jig^ 
tive  salt  of  Sylvius,  because  it  was  employed  by  De  fe  Boi 
Sylvius,  the  celebrated  founder  of  latro  dtemistry,  m  a  rew^ 
in  fevers.  Boerhaave  called  it  regenerated  tea  aaU,  becraie  ii 
his  time  the  difference  between  potash  and  soda  was  not  nnder- 
stood.  The  French  chemists  gave  it  the  name  of  MNridE  if 
potash,  which  it  retained  till  its  real  nature  was  pointed  oat 

•  Oren'a  Handbuch,  i.  US.  f  VmruidtocbiA,  9<» 

t  Slorr,  Crell's  New  Diicoveriot,  Ac.  psrt  ii.  p.  41. 


Kir  H.  Davy.     It  i«  eusily  obudnc!^  by  Mlunttbug  cnrbon- 

of  putash  w!th  [Durialic  avid,  and  coiic«timit(ng  the  mlii- 

'tion.     'Ilie  orystala  are  right  rectangular  prUins,  with  M]nnre 

li  is  whitf.  Bit*!  biMt  «  tOMte  rery  ninilar  ut  tlmt  of  cniamon 
isalt.     It*  spcrilic  j^avilV)  as  dclormincd  \ty  KiruTiii,  n  I-8S6. 

<  At  3:1°,  loo  partA  of  wnter  ili-nolw  *21)->j;t  {wrtj*  of  tliio  Milt, 
and  for  every  r*8  alwvc  3*2*  tli«  water  takes  up  0-'J7:J»  more 
oftheoill,  When  hcutiMl  it  di!tcT«pitat«H,  and  at  a  red  lit-at 
meltN  iiitu  a  liquid  v,-itbout  ander)^in|^  doi-otiijioNilioii.  97'7A 
grains  (if  thr  rry«talK  I>y  t^tiilioii  Icku'  'i-76  grains  of  wcit^ht> 

<  whidi  w  moMttirv.  ti'75  gntiiii  of  aniiydrous  curbonut^-  uf 
soda  saturated  with  mtiriatic  acid  niid  qt^nited  i^nvu  ^laetly  9'!t 

liiiH  of  this  sait.     Hut»cv,  il  is  obrioa<i  that  it  is  a  chloride 
ipo«ied  of 

I  atotn  chlorine  ,  4-5 

I  atom  potaa«uin  ,         .         5 


,11. 'Mr    i ■!..,■   J.-.i|  9>S        I     "1     U 

•  ift  CktoHde  t^aotHtnm.  This  ttlti  tuunlly  called  owimor,-  or 
MO,  or  rofi  *rJ!f,  and  by  the  French  chcini«i«  muritilf  uf  Mxia, 
bus  been  known  iitid  employed  as  on  indi»]>ciisable  scasoiier  of 
food  since  llir  very  uri{(in  uf  tiie  human  race.  Vast  beds  of  it 
exist  in  the  new  red  saiidslone  formation,  and  sea  water  con- 
tains about  0'5  per  vonL  of  it,  from  whieh  it  is  enAJIy  procured 
tfjr  i-viip«rating  that  liqutd.  It  was  known  as  early  iut  the  lime 
of  (j«il>er  that  miurtatic  ucid  ouuld  be  obtatnw)  from  it,  and 
StaU  iu  his  SpecimtM  BtcJterianttm.  ulHriiu-d  ihat  its  lia»«  is 
an  alkali.  Itut  it  was  Duhainel  who  lir«t  pointeil  out  tlio  mo 
tbod  of  ohtAiaiiig  thb  base  ia a  WparaU' slate,  ami  who  showed 
In  u-bat  respects  it  differed  from  potoah,  'lite  true  nature  of 
the  sale  U'as  first  pointi-d  out  by  Dary. 

'i1ii*  salt  is  white.  It  cryttallizes  in  cubes,  and  sometimes, 
tbotigh  nrely,  in  octahedrons.  \\»  tainc  is  well  known,  and  is 
what  we  usually  denominate  salt.  Its  specific  granty,  as  de- 
termined by  Fabri'iilteit,  \>  •2-\'2:t.'  Mobs  t'ound  it  2"'i67. 
Acoonling  to  Gay-l.(i»«ac,  it  is  rather  more  soluble  in  water 
U  92*  than  at  fl?".  Aceonling  to  him  its  solubility  at  differ- 
ent bcinperolitrea  is  ns  follows : 

lOil  water  at    57*  dissolve  36  parts  of  nit. 
140  87 


229' 


40-38 


•  Phil.  Trass.  HH,  p.  ]  14s 
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cmb  h.     Wboi  heated  h  decrepitates,  and  at  k  red  beat  melti  uto  m 
liipud  wiBiout  undeigmi^  -decompodtion.     In  a   high  ten- 
9  pemtiB-e  it  may  be  Bidilimed.     It  oontams  no  wator  •(  oyt- 

tallisf^on,  but  is  a  compound  of 

1  atom  dilorine  .        .         4-5 

1  atom  Bodiuin  .  d 

7*5 

4.  Cklonde  of  litAuan.  It  is  earaly  obtained  by  satiuatiiiy 
carbonate  of  Uthia  with  muriatic  acid,  evaporatiag  the  solstioB 
to  diyneu,  rediflsolving,  and  cryatallizing.  Tbe  cryvtab  an 
cubeft,  aad  tbe  tatte  very  similar  to  that  of  common  aelt,  He 
Bah  ipeediLy  deliqueaces  into  a  liqnd  vbea  «xpaBe(l  to  thewr. 
M^n  heated  to  redness  it  fuses,  and  in  a  white  lieat  may  ba 
sublimed.  It  contains  no  water  of  crystallizatiooi*  and  *  a 
compound  of 

I  atom  chJorine  .        .         44 

1  atom  lithium  .        .         0-75 

5-36 

Ji.  Chloride  i/  baritan.  This  salt  is  easily  obtainad  by  ^ 
Bolring  carbonate  of  barytei  in  muriatio  acid  and  cryaaallinf 
the  solution.*  The  crystals  are  usually  short  prism  vidi 
square  bases,  or  at  least  only  slightly  oblique,  lie  cryayi 
are  commoiUy  tables.  They  are  described  by  Crawfihd  as 
■omedmee  constituting  pyramidal  dodaeahednns.  The  tasteii 
pungent  and  disagreeable,  and,  like  the  o^ier  preparatlaBS  if 
y  barytes,  the  salt  is  poisonous.    Its  solub^ty  atdiffereDtteii^V' 

mtares,  as  determined  by  Brandos  and  Melat,-f-  is  as  Itdlen: 
100  water  sttiP^  dissolve  89-S«tf  thfa  a^ 
68  43^ 

S  71i  48'7 

122  66 

144^  46 

167  63 

188  66 

212  7S 

222  7et 

*  It  is  UBually  made,  I  suspect,  in  LondoD,  from  the  native  catboDsta  of 
barftes  from  Anglesark.  This  is  probably  the  reasoa  why  it  contaiai  d*aj* 
a  little  lead. 


'I 


Slt'IlUTU  AKU  CHLORIDES. 


Absolute  oIcdUoI  does  not  diflWrlve  it  while  cold,  batata  boal> 
ing  b«at  it  disftolvea  about  (j|i,Ui  of  its  weight  of  iu*  I  find 
ii  lo  be  aensibly  soluble  inakoboloftbcspecilicKruvityO-BOti 
ll  i»  not  alK'rcil  by  cxpottire  to  the  uir.     Wbei)  hoatcd  it  di;- 

Pervpitatm,  but  doe«  not  liquefy.     At  a  bigli  t^^mpernture  it 
may  b«  fused,  but  we  cannot  decompose  it  by  b«at     Ttic  con- 
I       klilncnts  of  tlus  »nlt  iu  cry»laU  iire 
^m  I  iitom  ctiloriiie  4'd 

^Lm^w        1  ntom  barium  B-5 

^^^^^^      £i  atuiDs  water  3-25 

H  By  ignid 


SMI.  I. 


15-2& 


By  ignition  Ihc  walrr  in  drircn  off,  but  if  »*«  cx]><»e  tlie  »n- 
kydrau  salt  to  the  uir  it  vxitctly  rocorcrs  its  original  weight 
by  abanbing  water. 

ft.  CUoride  of  MroKtian.  This  salt  \»  easily  fomtcd  by  dis^ 
[••otring  ivbojiate  of  fitrontisa  iu  muriatic  acid  and  coucentrat- 
'  the  tolutioii  till  it  cryitallizefl.  The  cryiUais  ure  very  long 
needks  consistiitg  tamt  commonly  of  )ux-«itl«(l  priniw,  two 
fcsppQsil*  &ces  of  H-hicli  are  much  larger  dian  tiie  other  four. 
of  the  prtsmK  Imvo  the  aspect  of  regular  hexagonala. 
Water  at  tbe  teanpemttire  of  (iO^  di-nsolves  1  j  times  its  weight 
of  thin  aalt.  Doilin:;  wntor  disHuIves  any  quantity  whntever. 
Acooniing  to  Bucbol/.,  it  is  soluble  nl  (M)°  in  24  timcA  itn  M-cigbt 
of  absolute  alcohol,  iind  in  IU  timr»  it>  wvif;ht  of  imilttig  ulco- 
hoLf  The  alcoholic  solution  burns  witli  a  beautiful  red  llume, 
especiidly  when  stirretl.  The  cr)-stals  slowly  deliquesce  iu  a 
tnoiit  utiniK|ibcre.  Wlion  he:m-<i  they  undetgo  the  watery 
fusion,  and  ihcn  nre  reduced  to  «  white  powticr.  In  a  Mrotig 
■  red  heut  it  melts  into  a  liqai<L  It*  coniititnenta,  by  my  am^ 
H  lym,  are 

H  I  atom  citiorine  4*6 

^B  I  atom  itrontian  &'5 

^^^^v      9  atoms  water      .  10*125 

^^^^^  20-1-25 

"  7.  Chhridt  o/nJcitan.  This  mlc  van  formerly  called/Snisd 
ammoniac,  liecanse  it  was  usiuUly  obtained  by  dseoropoting 
nl  ammoniac  by  means  of  lime.  The  French  cbemiHts  gare 
it  llie  name  uf  umriaU  of  lime.  It  is  easily  obtained  by  An- 
solving  carbonate  of  lime  in  muriatic  acid  and  conceiilrating 


•  BiN-iieJ/,  Bmtnge,  m.  H. 


tBetn«!c,w.^A. 
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cuh  il  the  solution  tiU  it  depositea  cryBtals.  It  is  Bomewhat  diSmlt 
to  obtain  it  in  regular  erygtals.  Tha  formfe  the  ieg«larMX-. 
sided  prism,  usually  striated  longitudinalty.  Wbea  4  pntsof 
the  salt  are  dissolved  in  1  partof  wat«rat  70°,  andtkeMdntion. 
exposed  to  the  air  at  32°,  the  cryMals  speedily  fom.  1W 
taste  is  very  bitter  and  pungeot,  and  when  exposed  to  Ae  sit 
it  speedily  deliquesces.  It  is  exceedingly  soluble  in  wtta. 
At  S2°,  1  part  of  water  dissolves  2  of  tiie  salt;  at  60%  1  p«t 
water  dissolves  4  parts  of  the  salt,  and  boiliog;  watar  dissolve* 
any  quantity  of  it  whatever.  When  die  ev^>oratioD  of  a  seda- 
tion is  carried  on  till  its  specific  gravity  is  1-450  it  crystalliui 
when  exposed  to  an  atmosphere  of  32°.  If  its  specific  gravity 
at  80°  be  as  high  as  1-490  it  assumes  on  cooling  the  form  dt 
hard  pearl  coloured  mass.'  It  dissolves  in  ^^at  quandtyii 
alcohol,  even  when  anhydrous.  When  heated  it  melts  in  ill 
water  of  crystallization,  and  is  then  gradu^y  changed  mil  ■ 
white  matter  which  may  be  fused  at  a  red  heat,  daring  whSA 
a  portion  of  the  chlorine  is  usually  dissipated.  Whea  ikm 
treated  it  has  the  property  of  shining  in  the  dark,  and  waa«i 
that  account  called  jAosphorus  (^  Homberff,  who  first  dbcoTOt^ 
the  fact^ 

The  constituents  of  this  salt  in  crystals)  by  my  audys^Ml 
as  follows : 

1  atom  chlorine  .         .  4>5 

1  atom  caldum  .  2'5  /' 

7  atoms  water  .         .  7*875 
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8.  Chloride  <^ magnesium,  lliis  salt  exists  in  sersr^  ^rinpi 
particularly  that  of  Lymington,  in  Hampshire^  It  was  fint 
described  by  Mr.  Brown  in  the  Philosophical  IVansactiaDi 
for  1723,t  but  its  nature  was  not  understood  till  the  experi- 
ments of  Black  and  Margraff  had  established  the  pecniiir 
nature  of  its  base.  It  may  be  formed  by  dissolTing  magnoii 
or  its  carbonate  in  muriatic  add,  and  evaporating  the  soIstiM 
to  the  proper  con^tency.  It  is  not  easily  crystallised;  botl 
have  obtained  it  from  a  manuiacturer  of  Epsom  salt  in  pnit^ 
large  four-sided  prbms,  with  bases  very  nearly  aqaare.  Theie 
crystals  deliquesce  when  exposed  to  the  air. 

The  taste  of  this  salt  is  bitter,  hot,  and  biting.  100  paiti 
of  it  dissolve  io  60  parts  of  cold,  and  27-3  parts  of  hot  water. 
It  dissolves  in  5  times  its  weight  of  alcohol,  of  the  specific  gn^ 
•  Walker,  NkhtriaoD's  Jour.  v.  SH.  ■\  Vol,  xtiii  f,  M& 
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rvttf  0-90,  and  in  twice  iUt  weij^lit  of  alcotiol  of  tli«  specific 
gnvity  0'8I7.*  Wlipn  ItoAtod  it  liqtietiM  in  iw  wai«r  of  crys- 
tal tizniiaii.  tht*!!  i.«  r<oiiv(>rn>(l  into  n  whiti*  mtuot,  tiiiA  in  n  ml 
hot  l<i*e>t  a  i-oiwitlorsiliti-  portion  of  ticiil,  ii  jfR-!»t  denl  of  luag;- 
nesia  n-niftiniiifr  in  tin  imcombinoil  statr,  Wlicn  llirown  into 
water  after  b«ing  thus  liciate<l,  it  Itissea  like  a  red-hot  iron, 
much  lioal  K  i-voU'cd,  and  llie  uiideciimpoBed  portion  dl'Molv«N. 
fTite  conslituMiis  of  ttiia  salt,  by  toy  analysU,  arc 
1  Blflin  chlorine  .         .  4>& 

1  atom  inngneiiitini    '     .         .  1-5 

■ '  '6  atu«i«  vtttcr  t{*7fi 
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5.  chloride  of  alttminnm.  This  salt  has  liepn  dcscribei)  En 
'Vol.  I.  p.  452  of  ibin  work.  \\'h<'ii  thw  chioridf  w  dissvlvt'd 
in  wntfr,  or  wh4-ii  alumina  is  dutsolvtil  directly  in  ntnriutic  ncid) 
and  tbi-  Halulimi  »nit!i>iisly  cvaiwinti'd  to  <trync»i,  wr  obtain  ii 
bcautil'iil  white  inaili-r  without  any  appcnrancc  of  crystallia- 
tiiMi.  <  lut  tiKte  is  astringent  and  acid,  and  it  i«dden§  v«g«tabl« 
Mues.  It  di-liqucticca  in  llie  air.  It  dissolvea  ui  about  the 
ftiurth  i>urt  of  its  weight  of  water.  Pure  alcohol,  at  the  tern* 
prniture  of  tlie  atmosphere,  diHsolres  half  its  weight  of  it,  and 
whfii  boiling  it  laketi  up  (w<Kihirds  of  iu  wi'ight,  but  again 
depo«ite*  a  portion  as  the  lt(|uid  coola. 

Whfn  this  mlt  \»  hcat^^'d  it  lows  all  its  w:ttcr  and  acid,  and 
nothing  ri.-ni!iin8  but  purv  utuminu.     Wv  have  no  fvidcnM*, 
itbereforo,  that  it  is  any  thing  else  than  muriate  (if  almmna. 
]  Its  constitnenttf,  by  my  analysis,  are 

1  atom  muriatic  acid  .  4H3'29 

I  atom  alumina  .         .  2-*25 

Q  atoniH  water  .  ^Q7& 

lo-sri 

u-Bucbolz-t-  gives  as  the  analywofamiirinleofolitmitin,  iriiidi 
to  have  been  a  dimurinte,  and  to  liave  contained  twice 

tbo  (jiianlity  of  water  stated  above.     It  seenu  to  have  been 
^comjxHcd  of 

^K  «>  1  atom  muriatic  acid 

^m  2  atoms  alumina 

^^^^^^   6  atoms  water 

■     'Kim 


■  KImn  M  Miami  Wnirn,  p.  274. 
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4-5 

fi-75 
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10.  Chloride  {{ffflurimtm^  (Icucribwl  in  vol.  I.  p.  459. 
Wlien  cbloridc  of  f^lucitiuni  ix  diMuitvcd  in  Miilor,  or  whn 

gluciua  in  iluisotred  directly  in  muriatic  acid,  we  obunnbjr 
vmponitJODasalt  incrj'Hlals,  vrhich,  when  heated,  Iomh  its  wan 
nm)  •ctft)  u-liile  pnr«  glucina  reowing.  Honco  it  is  prol)aUy 
a  muriate  oftflHcina.  From  the  cx^icrirnmt«  of  Vauqu«lin  snl 
IWzelius,  it  would  apprar  ilutt  miiriatic  acid  and  glucituoain 
in  three  difiorent  proportioiis. 

(I.)  liimiirbtc  whivh  cr^'stallizes  is  «oIii|)|«r  in  wat«ri 
alcohol,  aiid  doe;*  tiut  dt^liqucttre. 

(2.)   Mumtc,  olilaiiKHt  by  pvuporatin^  the  soittlion  of  tbf 
prccediiij;  xidt,  iind  driviiij^  off  the  wut<>r  :iiid  excess  of 
It  )fl  a  gummy  matter  wliich  docs  not  crystallize. 

(3i)  Diraurtate  wliich  prectfHtatra  daring*  |]>e  cvsponuJoD  ( 
tbe  bunnriate. 

11.  Chhridf.  qff/ttrinm,  dr^crihv^  in  vol.  I,  p,  AGH. 
■W'lK'n  it  i«  diiwolvpd  in  vrator,  or  whvn  yttria  tt)  dir 

dissolved  in  murinlic  acid,  a  muriatp  uf  ytlria  L<i  ohtatm-d. 

The  solution  when  ctirpfoUy  concentrated  crystallizes  in  brgt 
ri^lit  priimii,  having  two  of  tlit'  opponitc  cdfrps  rcpUced  by 
tanf^ctit  ptftiicK,  >io  an  to  form  a  six-»>idi'd  prism.  1 1  Jitvt  a  twtti 
and  netringent  taste,  and  is  very  de]i<]ucM:ent.  W'hen  bmtH 
it  uode>|^es  the  watery  fuMon,  and  at  a  red  li<-at  the  add '» 
driven  off,  and  pure  yttria  romainit.  The  ccmstiliienta  of  lUl 
Milt,  necording  to  the  unalyM«  of  Dr.  Slecl,  in  my  laiMraiory, 
arc 

I  atom  muriatic  acid         .         .  4-ftS3 

I  atom  yttria  .         .  a-5 

3  atoms  wat«r  .         .  S-S75 


I 

loDon 
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12.  Chloridft  nf  cerium,  described  in  vol,  I.  p.  466. 

lO.  Cfiiiiritfj^  <if  zirconium  U  formed  by  heating  zircoaiitai 
in  chlorine  gas. 

When  it  is  dissolved  in  water,  or  when  hydrate  of  zi 
is  dissolved  in  muriatic  acid,  and  the  soI)itl<>nf||tf||Mlly 
ccntraled,  muriate  of  zJrconia  is  dcpowt'ti  i* 
needles  of  an  a«ringcnt  taste.     When  .■\ 
become  opaijui*,  niid  losclialf  their  water, 
off  all  the  ivato 

solves  readiUJ^^^^^ond  alcohol, 
acid. 

When  ev^^^^^^^B  9  at  th< 
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«rr 


t^' 
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ItMCs  lial/  its  Hci<l|  aiMl  is  oniiverWit  into  ii  dimiiriatc  which  ia  a 
wkit«  matter,  <li§9olvin||^  vet^-  itlowly,  but  nmipletc)y  in  water. 
A\'li«i)  (he  Boluiioi)  h  loii^  iMiilod  mo<st  of  tlie  eirroiiin  TuDs  in  ■ 
white  ^cUtinans  matter,  which,  when  dry,  assumes  a  gbujr 
ipeamnce.  It  i<tiil  relaiiM  n  {M>rlt»ti  of  iicJd.* 
14.  Chloride  of  lAorium,  Tliis  huIc  had  been  menlionrd  in 
ToL  I.  p.  476  of  this  work.  No  doMrription  of  its  propcrtin 
lias  been  yet  publislted. 

Ilydrated  tliorina  dissolve*  in  mnriiktic  acid,  and  by  evapora- 
tion a  fibrous  mass  i.i  obi^ned,  but  it  does  not  crystallize  nor 
dry  wli<-n  ex^ioi^ed  to  t)io  mr.  In  a  strong  lieut  it  loeea  itaacid, 
kikI  tlioriiiu  leiniunH.-l- 

115.  Chioriih-  o^  iroa  dctscribvd  in  vol,  I.  p,  493.  Wh«n  it 
fa  dissolved  in  water,  or  when  iron  is  <lireclly  dii»olved  in  muri- 
atic neid,  nnd  tlie  solution  siiflicienlly  concenlmled,  crystals  are 
deposited  which  have  n  light  green  colour,  aiid  consist  of  rhom- 
boidul  plates  with  bevelled  edges,  ilence  the  form  of  (he 
crystal  LsaDocUihedroncompo«edoftH'oroiir-ftid«d  pyramids  with 
&  rliombic  base.     The  opiees  of  the  pyramids  are  truncatecl  so 

•  deep  «B  to  convert  tlie  crystal  into  a  table.  The  taste  is  sweet 
and  astringent.  When  exposed  to  the  air  they  soon  deliquesce 
Btt<l  Iwcome  yellow  and  opacjue  from  the  absorption  of  oxygen. 
Xltey  dissolve  readily  in  water  and  alcohol.  M'lien  healed 
■  <bey  undergo  the  aqiieou«  fusion.  They  nbsiorl>,  when  in  solu^ 
(Ion,  deutoxide  of  axote  still  more  abundantly  than  sidphate  of 
iron.  The  constituents  of  this  salt,  by  my  analysts,  are 
1  atom  chlorine  .         .  4-5 

1  atom  iron  .         ,  3'5 

4  atoms  water  .         .  4-5 


Mi« 
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Ifl,  StiqMiehhride  t^tnm.  Described  in  vol.  1.  p.  49ft. 
When  the  sesqutchloride  of  iron  is  dissolved  in  Wktcr  or 
when  hyitraled  peroxide  of  iron  is  itissolvcd  in  murtutic  acid,  a 
H  dvcp  brtm-n  Milntion  is  obtained.  Its  odour  u  peculiar,  and 
"  its  tiwU',  even  when  much  diluted  with  water,  is  exceedingly 
iwtrinireut.  When  evaporated  to  dryness,  it  yields  an  uncr)u-, 
i.illiut>te  orange-coloured  mass,  which  deliquesces  in  the  aiTi 
tuid  in  M>lublc  in  alcohol,  'I1iis  Halt  gives  a  yellow  lingo  to, 
imlinal  and  vegetable  substances,  as  is  the  case  witli  chlodiw. 

l^lV1len  sulphuric  :icid  is  poured  upon  it,  the  o<lour  of  chlorine 
is  perceptible.     Tliit  salt  does  not  absorb  nitrous  gas.     When 
•  B«nelius.  t  ^>^- 

II.  3o 
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Kul|>liurett«d  hydrogen  fp»  is  nade  to  pOM  tkrougb  it,  put  <f 
tlic  oxyK«ii  H  abstracted,  luid  tlie  talt  t«  coiiverti^d  into  mtiriMe 
of  iron.* 

Wlivti  this  salt  is  dulillvd,  clilorinc  pes&et)  uver,  and  lb*  Iim 
i»  n-(luciil  lu  tW  Htaic  uf  liliick  uxidir.  Tliit  j^h  U  u1«»  funnel 
■uid  cxliuleii  duriiig  tbc  solution  of  red  oxiili-  of  iruu  tti  nuni- 
mic  add,  at  least  if  tJie  solulioti  be  proiootcd  by  tlie  appliealtM 
uf  lu-al. 

Jf  tJic  lioot  be  incKssod  uft'-r  tJw  AOvcjuimuriate  of  inn  ii 
vrajmrnted  to  dryneta,  tliv  wliulv  aalt  aiibliinev,  not  bowei-n  b 
tiic  etat«  of  sc9()uiiniirial«i  but  uf  simpli)  muriate,  wliicL  is  capQ> 
bic  of  aysUtWviing. 

According  to  Stein,  w1k-ii  tWitoliilioii  uf  sviiquidiloriik  of 
iroti  in  inrefiilly  e\-apoiat«d,  it  dvpoiitwi  autunt-red  lubl««,  vimk 
detiqui:»ce  in  tlie  air,  aiiddittfolre  readily  hi  wau^r  and  aloJioI. 

17.  Chloride  <tf' mawfOMtM,     Dcucribt'd  in  vol,  I.  p,  6*22, 

Wlicii  this  cliluridv  is  dinolvcil  in  water,  or  wboii  carkoaitf 
of  laaiii^uvw  is  ditaolviHl  in  inurtatio  acid,  and  tiiv  •elitfiM 
carefully  concentrated,  beautiful  flcHh  colutired  cryMiilg  an 
depoeiu>d,  coiiu»tiii^  of  sliurt  Mx-«id<.sl  prismM,  tvo  of  tbe  opf»- 
•Ite  Bidea  of  wbidi  are  mucii  liir}{«.-r  tban  llie  oilier  four.  1^ 
laate  of  these  crystals  has  some  resemblandc  totbatof  uilpltaU 
of  toda.  It  b  very  soluble  botli  in  water  and  aleobol,  and  <l(li- 
queaoes  rapidly  when  exposed  to  tbc  air.  I'hc  sjtecifie  ({laniyi 
acoordiiig  t«  Jobn,  is  1-&6.  Tlut  contUituonla  gf  tbi« 
according  to  my  analysis,  are  as  fsIlDW* : 

1  atom  chlorine  ■         >  4'9 

1  atom  manganese  .         .  9'b 

5  atoms  water  .         •  &-€25 


\fi-61i5 
1^  Muriated  setqiiiojitU  ^ '"""fffy^^-  Wbcnliioi 
«xlda  of  manganese  i«  digested  in  muriatic  acid  vttjuwi  '■ 
application  of  beat,  a  brown  GoJotired  solutioti  i« 
'lit'nt  aolutioii  oiniiol  be  concentrated  by  heat  without  ■>' 
its  colour,  aiid  heiug  convened  into  the  prccuilin]^  ^.di.  NVbco 
kept  it  gradually  to«e«  its  colour  witliout  aity  ap|i|icat!aii(if 
beat.  Of  course  tbe  properties  of  this  solutiou  tiAvv  not  I 
erto  been  accurately  deteriniuexl. 

10.  Chloride  Iff  ukhet.     \\'licD  carbonate  uf  nickel  U  i 
solved  in  muriatic  acid,  and  tbe  solution  Huilicii.-nliy  oiucd 
trated,  beautiful  (p«en  crptuU  are  dej)a»it£(ii     'I'licy  aix- 

*  Dnvr,  Joumii]  of  tbe  Ro>-«l  Inttitutioa,  y.  lt)l. 
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iUed  prisms,  hiit  so  tndi§tuictly  crystallized,  tlint  llic  exuc* 
(Uiiirnsiofis  cnniiDt  be  made  otiU  Tliey  deliqiiesw  wlicn  ex- 
posed to  the  air.  Tliry  diesolro  in  I  ^  or  twice  ihcir  weif^tt 
of  colli  WDlor.  Tliiy  ate  iulublo  also  in  alcohol.  When 
dented  the  wali-r  may  bo  <lrawu  off,  while  chloride  of  nickel 
reinaifis.  The  cuiistituciiU  of  this  ball,  by  tay  analysis)  arc 
I  atom  chlorine         .         .  4'3 

I  ulotn  nickel  .         .  Q'Sfi 

0  atoms  water  .        .  6'75 


MO.!. 
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31 
20 

SO 
40 
20 


30.  C/Uoride  of  roimli.      l>ncribcd 

(ii  vol,  1.  |>.  5-10,     When  (bis  chloride    f^^^ 

U  ditsolvetl  in  wH^t,  or  when  carbon-         x"^ 

mIc  of  6(>l)alt  is  dbwulf^d  in  murialic 

ncid,  and  Ihc  soliitinn  pro|M.'rly  conccn- 

tntc<l>   ft   dcpositca   garnet  coJoured 

crj'Htals,    wliich    cviwijtt    of    oblique 

rhombic  primnit,  an  lixnrcd  in  the  mar- 

fi^n.     'Hic  foUowinfr  tire  itic  measure menis  of  the  angles  of 

this  jirism,  lU  dvtvrniiticd  by  Mr,  Brookv.* 
B  P  on  M  or  M'  IOQ° 

K  P  on  A  .         .         122 

^K  PonC  .         .         100 

^^K  A  on  c 

^H         Mop  A  .      .      lae 

^^  M  on  M-  77 

H  Tlie  crystals  do  not  d«Uqiie«ce  wWii  ex|>os«<l  to  the  air. 
B  Tliey  dissolve  r««idily  iii  water.  When  hL-atcd  they  undergo 
the  watery  fusion,  and  when  ibc  water  in  divrtpatt.sl  Ibey  aseutiM 
a  dec|i  lihie  colour.  If  we  continue  the  lieitt  in  close  vessels 
the  whole  water  a  tirawn  off  and  a  small  blue  chloride  remiuns, 
which  readily  dissolves  in  water  with  a  red  colour.  When  tltc 
solution  of  this  salt  is  dilulci  it  has  a  red  colour,  but  when  very 

■  much  conceutraleil.  the  colour  becomes  blue  ;  or  ffrrm,  if  iron 
or  nickel  he  present  iu  the  liquid.  This  solution  cotistilntiHt 
the  sympathetic  ink  of  Ilellot.  It  was  first  made  known  hy 
Waitz  in  1 705  ;f  it  was  d«)>cri)>ed  a  second  time  by  Tcichmcyer 
ill  17ai;t  and  u  tliird  time  by  HeUot  in  1737.}  The  tamw! 
uf  this  singular  cltiuige  of  colour  has  not  hitherto  been  ciphiiiuid 

■  AmuiU  of  PI)ltoiapli]r  (»l  series),  viL  363. 

t  8co  Wii<(lcb'*  OescUdMe,  I.  IM.  [  Oommcfc.  Litcnuum,  p.  ft. 

i  Mcio.  Far.  1737. 
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lar^  crystuU.  Tlif  y  arc  white,  and  liav«  bomctliiiig  of  the 
(Uamond  liistro.  1'tie  stinpe  is  an  oblique  four-oidtnt  primn, 
witli  one  vAgv  usuully  replaced  by  a  Uiii)j;cnt  pliiin-,  'flu.'  tcr- 
tniimtion  is  ii  btlK'dral  siimmit,  conHistiiifif  of  two  facn  proceed- 
ing from  the  two  opposito  ciittrc  cornora  of  the  prism.  Thcw 
cry&iaU  are  translucent.  They  strongly  redden  regctablo 
blues,  'riie  laate  is  acid,  and  very  acrid  and  disagreeable. 
Specific  gravity  2-656.  When  put  into  water  tlie  crystal^ 
leave  a  little  hydrate  of  protoxide  of  tin  unacted  on.  \Vben 
healed  the  salt  melts  and  flows  like  nitrate  of  silver,  quite 
transparent  and  colourless.  It  then  boils  up  aiid  becomesdry, 
wid  a  white  matter  remains,  which  disBolvcs  in  water.  The 
Kalt  is  also  soluble  in  alcohol.  In  oil  of  turpentine  it  becomes 
yellow  and  o]iaqne,  but  doe*  not  di!ew>ivc,  Thcdi-  i-ryitUiIa 
were  not  altered  by  u  wei-k"*  cxpo»ur«  to  the  air.  Tltcir  coii- 
Btituents,  acconling  to  my  nnaiysis,  nrc 

1  atom  chlorine  .         ,         4'i 

1  atom  tin  .         .  7-95 

3  atoms  wau>r      .        .        .        3-975 


I 
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From  tlie  experiments  of  Proust,  confirmed  by  those  of  Dr. 
John  Davy,  it  appears  that  when  potasli  in  smidl  quantity  is 
iiddiil  to  the  solution  of  the  preceding  salt,  a  white  precipitate 
falls,  whii-h  is  A  itubsalt  containing  only  half  tlie  tin  which 
exuttn  ill  ilie  crystals. 

'25.  PerMoriiU  t^lm.     Dei«ribe<l  in  Vol.  1.  ]i.  575. 

In  a  pnpcr  inserted  in  the  I'^inbui^h  ['hiiosophicnl  Trans- 
KCtioiiv.  I  described  crystals  of  (bin  mU  in  iiecdlt-^  wciningly 
HKht  four-siiietl  prisms.  'I*liese  crystals  did  not  di.uulvt-  in 
water  except  jKirlialiy.  When  heated  lh«y  melted,  Udlcd, 
liecnmc  yidlow,  fused,  and  were  volatilized,  excepting  a  small 
reotdtie.     I  coiwidfred  tliese  crj'stals  as  composed  of 


b 


I    atom  muriatic  acid  . 
1     atom  peroxide  of  tin 


jj  atom  water 


4-6>25 

9-25 

0-75 


But  I  bav4!  frince  obtained  this  Mdl  in  a  more  perfect  stale,  and 
have  found  that  it  conlain*  n  great  deal  of  protoxide  of  tin, 
though  from  the  rapidity  witli  wktcli  the  tin  a  peroxidized,  it 
is  difficult  to  sny  how  much. 


1 


eai 
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1  hare  aim*  got  cryrtab  in  broad  plates  from  Uio  tame  nmq 
iuctory.  They  liftvc  a  silky  luMre,  nnd  deliqneicc  npU 
wben  cxpo*e<l  to  dii-  nir.  'I'ti«y  oonUiin  IxiUi  oxidn  of  t 
tbough  tlic  quantity  of  protoxidv  is  ooii^iilcruljiy  less  than  ll 
of  peroxide.  U  would  appear  from  tlib  that  t)ie  two  chlorll 
or  tin  are  capable  of  oombinin^  !n  more  ttiiiii  one  pr(i|iorti| 
It  ia  probablD  tbat  tba  crystaU  of  percliloritic  of  tin  iiru< 
posed  of 

2  lUoms  chtorino  ,         .  9 

I  atom  tin  ...         7*35 

5  atoma  wnter      .        .         .  S'tlS.'} 


31-875 

20.  DichhriiU:  nfcojiprr.    Described  tii  \q\,  I.  p,  5' 

27.  Vhkiri'ie  itfcopfter.  Described  in  VoL  I,  \*.  694,  \ 

Wlien  lliU  chloride  is  diswlved  la  w^ler,  if  tJif  soluiioo  I 

concentrated,  tlie  suit  is  deposited  in  recuir^ahir  prisms  <■ 

line  grasn  green  colour.     This  salt  is  exceediii>rly  ucrid  ■ 

cutwiic.     Its  specific  grnrity  b  1-6776.*     It  is  very  m>Iu1 

in  wnter,  and  when  exposeil  to  iJie  alt  very  soon  attnict^  nM 

ture,  and  'a  converted  into  n  li(|uid  of  llie  consiittcnce  «f  i 

At  a  inodcniti-  hi-at  i(  im-lis,  ittid  iissumcs  a  solid  form  wli 

cold,     lis  couipositioii  in  «»  folluw's: 

I  atom  cUloriiio  .         4*B 

1  atom  copper  ,         .         4 

3  atom*  u-atcr  .         .         8-;)76 


1 1-875 

2a  Ckioritk  o/lNUHiitA.     Described  in  Vol  I.  p.  607. 

itlAmutli  may  bo  readily  dissolved  in  iniiriutic  ucid 
aasUtcil  by  a  little  nitric  acid.     'Vhc  solution  when  prop 
CDiicentrated  yields  small  prismatic  cry&taU,  which  wben  : 
limed  bi-cotnc  butter  of  bismutJt.     When  diluted  witb 
lliey  undergo  dt-compo&iiion,  »  hubsidt  preci  pita  tin};  ainl  a  f 
peraalt  renminlni^  in  solutioru     The  sulisalt  when  beeted  I 
without  undei^oing  decomposition. 

•29.  Vhloritle  ofmfrcMry.     De8cril>ed  in  Vol.  I.  p.  GI6. 

30.  Dichloridt,  o/nurrcurif.      Dewribed  in  Vol.  I.  p. 

91.  Chioridt  of  tilvcr.     Described  in  Vol.  I.  p.  691. 

92.  St»qiiicithrid<  fifffotd.    T 
,    83.  Cldorid^  ^ffmitl-  f  De-teribed  in  Vol.  1,  p. 

*  tluieafrsu.  Ana.  dc  Clun.  xxviiL  IE. 
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MUBIATKS  AND  OXALATES. 

f  ■  ^^j'^'fP'f'i''^     ?  D^crihed  in  Vol.  I.  p.  663. 

37.  ChhritltH  i/iriilium.     D^v^crilicl  in  Vol.  I.  p.  689. 

36.  CMtfriilt*  iifonmium.     IK-scriix-il  in  \'ol.  I.  p.  697. 

30.  Chloride  t>/' feituriam.     Dexribcd  in  Vol.  1. 1>.  '21»tt. 

Ti'llurium  itixwlv)"!*  in  muriatic  acid.  'I"he  wiliitioti  i-i  col- 
ouilws,  \\'aU-r  throws  down  from  it  a  sulMuit,  wliivli  rcddetis 
litiDtw  ptijwri  aitd  i»  almost  wtiolly  soluble  iu  wut«r. 

40.  SfJi'/Mittilarid/'  qfarsaiic.     Dviwribod  in  \'ol.  I.  p.  306. 

Murioli*;  acid  diwulvi'8  n  little  arsenic  The  »i>lutJoi)  in  col- 
ourless, luis  a  very  acid  ta<«t«.  iind  when  <lilutvd  wiUi  wntcr 
mobt  of  the  iLrariiic  is  dvjionitvd  in  lli*.'  stale  of  urwniotu  itdd. 

41.  Cldi/ri<kM  itfatUitHOMif.     Dcscrihod  u>  Vol.  J.  p.  3'i3, 

42.  CAioritit  of  chromium.     H^v  \*ol.  I.  p.  ;W7. 

43.  (.'hhride  tj'urtmium.     Not  yet  inveati^ted. 
llie  Solution  of  urauiutn  in  muriatic  acid  has  a  yellowtiih 

f^rt>n  colour.  When  it  is  mixed  wiUi  ether  and  exposed  to 
the  direct  rays  of  the  sun  ^reen  tloclcs  precipitate,  which  are 
confti<lere<[  3.1  muriate  of  uranium,  'ilwy  diMolve  in  water 
wttli  a  d-trk  f^een  colour.  Protoxiile  of  uraiiiiiin  dissolves  in 
Tnurtutic  iicid  with  a  bottle  gieeii  colour. 

Peroxide  of  uranium  dioitolved  in  murialtc  acid  lias  a  ycl- 
Iwwiah  green  csoluur.  According  to  Lecauu,  ilie  acid  may  he 
MUunited  with  lliis  peroxide,  and  when  sufficiently  coi>ee»trat«d 
(lopoMtcft  needk-s,  which  are  exceetliii^ly  deliquescent. 

44.  C'JUtiritkt  of  moij/MetttiM.  I>eM;ribeil  iu  V'ul.  1.  p.  357. 
'l\e  »otutioDa  of  the  chlorideit  ii]  water  present  m>  little  differ^ 
cuce  Uota  the  aiibydrou«  chlorides  lliut  a  jHulicular  (Utlail  utoaa 
lumMonary. 

43.  CAtondfo/iuniifteM,     Described  iu  Vol.  I.  p.  367. 

I'ungsten  Is  ootneu-liitt  soltd>le  in  coneentra1e<l  nmrlatie  acid. 
M'hen  the  solution  b  diluted  a  caseous  wluta  inatli-r  falb, 
u'hich  is  cousid<.'red  us  a  suhtuilt. 

46.  'J'ercAioriJe  (i/'coimnbiHm.     Described  In  Vol.  1.  p.  375. 
Coluinbic  acid  dissolves  in  muriatic  acid  and  tfae  solution  is 

not  precipitated  by  dilution  with  water. 

47.  liic/Joritie  fif  lilaniuui.      l>c>cribed  in  Vol.  1.  p.  385. 
■       liydrated  lilaiiic  acid  dissolves  by  l>oilin^  iu  niuriallc  ucid, 
^^nd  ooUHtituleii  a  yellow  coloured  solutioiif  which  by  cautioua 
fbf^Mratiuu  may  tw  freed  from  its  exceaa  of  acid.     When  ev»* 

poraU'd  to  ilryiiew,  and  redissolved  in  wali-r,  a  residue  of  ti- 
tanic avid  tcuiuino,  nu  longer  soluble  iu  muriatiu  acid. 
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SECnOK  tl. OFCULDRO-EITANNATEtl, 

Botli  of  tb«  cliloridca  of  tio  po6se>t<t  tlte  chitmvU^nc  of  an 
utul  are  capable  of  combining;  with  chlurinr  hu>M.'«,  though  only 
»  vary  few  of  llies«  salts  have  been  hitherto  uiveittigated. 
following  are  well  known. 

I,  Chloro^tannatt  of  ammonia.     Tliis  salt  maj-  be 
by  dissolving  chloride  of  tin  nnd  sal  ammoniac  in  atomic  p: 
pDrtiniia,  and  concentrating   the  solution.     It  cr^-stallixcs  ii 
oblique  i>risms  witli  angles  of  about  55°  and  135°,  tcrminttet) 
by  a  dihedral  summit,  the  fac^s  of  u'liich  rcplacv  tbc  angler*  at 
the  base  of  the  obtuse  edges  of  the  prism.      The  crystals  are 
white  with  a  shade  of  yellow,  and  opaque  with  the 
lustre,  which  cJiaracteri^es  nitrate  of  lead.     The  crj- 
not  altered  by  cxpusure  to  the  air^  liave  the  cbaractcriBtic 
of  salts  of  tin,  are  soluble  in  water,  and  seem  (o  contain  a  little 
water.     The  eotutitueiits,  as  detennined  by  Dr.  Apjokn,  on 
1  atom  chloride  of  tin       .         .  Iii*7& 

1  atom  sal-ammoniac        .         .  0-75 

I  atom  water  .         .         .  1*125 


rslals  ore 
dJBMU^H 

jBticawB 

I 


20-625' 

2.  BicMoro-atoNHate  of  tin.  This  wit  is  easily  obtjuned  by 
dissoU-ing  fuming  liquor  of  Libavlu«  aiul  m&  ammoniac  in  wnter 
in  the  atomic  proportions,  and  concentrating^  tlie  solution.  Ilie 
wdt  cryslallixes  in  traneparrnt  octahedrniiis  ti^ually  elongated 
in  one  direction.  The  tirat  erysiali  of  this  sail  thtit  I  imr  I 
received  from  I>r.  Apjohn  of  Dublin,  it  is  soluble  in  wairf. 
has  die  cbunict4'ri4tic  taste  of  the  Mtlt*  of  tin,  and  M-ctns  to  be 
anhydrous.  Its  eonsiitiienta,  ns  determiited  by  Ur.  Apj 
are 

1  atom  bichloride  of  tin    ,         .  17-25 

1  atom  sal-«0unoniao        .         .  6-75 


24t 


a.  C'Moro-^^miafet^pola*it.   This  sail  is  easily  obt 
dissolving  chlori<Ie  of  tin  an<t  chloride  of  potauiiim  in 
the  atomic  proportiouK  and  eimcen trail »g  the  S4tlntion.    Tbei 
crystallizes  in  four-sided  prisms,  deviating  un!y  n  few  df 
from  being  reciangidar.     These  erystaU  are  o|Mique,  Itare  ■ 


•OiiblinJour.  I.  389. 


t  Ibid.  387. 
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»Iuiili>  uf  yellow  Aiid  thtt  ttiftmond  lustie,  wliit-li  clmractcrixrH 
chloro^Uuiitnlc  «f  nmmoiib.  Hii'y  are  soluMc  in  uaU-r,  und 
bavv  tlie  cbanu!t<-nsuv  tnsto  uf  «a1ts  of  (in.  Tiicy  nrv  nn hy- 
drous. I  bare  not  subjected  tlicin  to  analysi»,  but  i:oiuidcr 
them  as  coin|)osed  of 

►  t  atom  cMoridi-  of  fm        .         .         12*75 

I  aioRi  vbloridv  uf  poUtMium     .  9-d 


.111. 
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4.  CMoroslrmHate  of  sodium.  CrystlUlMtb  Meording  to 
Ben«Iius,  in  fino  noodles. 

a.  Chhro-ntuniKilf.  ^fxiritim.  Crystallizes  iii  oblique  four* 
aided  pmintt. 

Several  oilior  ntlts  belonging  to  thU  spet-ies  liavo  been 
formed,  but  m  tlK>y  huvc  not  boeii  particularly  examined,  I 
Uiink  it  n«edlv8s  to  ^v«  a  li»t  of  itiem  here. 


BRCTIOtt  III. OF  CHLOHO-HTDKAItGYRATES. 

Bomdorf  has  shown  tltat  corrosive  sublimate  posoessee  tho 
ch&niclcr*  of  iin  ncid,  and  that  it  is  capable  of  combining  with 
otbcr  chlorides,  and  forming  a  cla-ioi  of  salts  to  which  he  hm 
given  ihf  name  of  cblnrfl-hyrlrargjrateH.     Tbe  following  are 

tlbctaltsof  (his  iLiture  with  which  wo  are  at  present  aetpiainted. 
1.  BicAloro-Afftirarffj/rtiti:  qf  *al  amsnoniiK.  This  xalt  was 
Vnown  to  the  alchymisb*,  and  much  cclebnile*!  for  itt  virtues 
under  the  names  of  *al  nhmbroth,  salt  of  vitihm,  irait  of  art, 
&c  It  is  easily  obtained  by  mixing  together  ml  ammoniac 
and  corrosive  sublimate,  and  dt<^olving  them  in  water.  Sal 
ammoniac  »na  olioerved  tt>  have  tlie  property  of  incn-sfiiig  tlie 
solubility  of  corrotiive  sublimAtc  prodigiously.  ()nc  ]iart  of  wil 
ammoniac  dt^okeil  in  !1  parts  of  wat^-r,  will  cnabh^  tlie  li(|ui<l 
to  talce  up  no  leMi  than  b  jiarbi  of  corrosive  sublimate.  When 
we  mix  these  suliatancea  in  the  proportion  of  2  atoms  corrosive 
sublimate,  1  atom  of  lal  ammoniac,  aiid  B  atoms  of  water,  tlie 
mixture  is  liquid  at  the  tempenUure  of  140':  on  cooling,  it 

»e<incTete*  into  a  needle-form  mHSs.  From  the  ex|>eTiment»  of 
Dr.  John  Davy,  it  woidd  appear  that  tlic  following  mixture* 
•l«o  fonn  chemical  CDnjiounda. 

1.  2  Atoms  corrosive  sidilimiite,  I  atom  wd  ammoniac,  and 
16  atoim  water ;  liquid  at  H3°,  and  Holid  at  55".  The  s)>ccific 
grarit)-  in  the  liqiiiil  form  i.t  1-OS. 

3.  2  atoms  corroa.  sub.,  1  Aul  amm.,  32  water ;  is  liquid  at 
[55",  and  lias  a  vpvcUic  gravity  of  l'5d. 
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Om  II.        3.  2  aums  cmrm.  vab^  I  aal  arnm^  1 0^  WiU^r ;  is  li((u!d  u 

nboul  105";  on  cooliog  sluwly  to  60%  it  depcMUtcs  vnrstafa 

u'lncli  consist  »r  fiiur-M<lis)  flat  )iriiini5.* 

I'rum  tlioJii!  vW'rvatiouB  of  !>.  Davy,  and  niaiiy  otiicn  of  a 
Biinilar  nature  tniule  by  otiicrs,  it  would  appear  tlukl  tliu  nlin 
a  compound  of 

•2  atoms  dtloride  of  mercury      .         34 
I  atom  ia\  ammoniac        .         .  G-75 


40-76 

Tlie  witter  varirtt  in  its  qiiniility,  protxtbly  frutn  4  atoms 
ooustitutiti^  4  diflvrent  «pcCK-!S  of  llitit  Milt. 

2.  CJtioro-hjfdrarinfnUt  i^ ftotassium.  Of  lli'ut  smIi  tlicre  on 
three  §pccivs,  which  hare  kevn  cxiuniDcd,  dcocrtlivd,  and  aiw 
lyied  by  &L  Bonwlvrf. 

(I.)  (luater-cAioro-kifdrar(i!/rfite'ifpotaasi»m.  WheoiaA^ 
mtc^d  M>lulion  of  chloride  of  puUt»>iuin  i.i  iiiixi-d  cold  wilii  cw- 
rusivc  Hublimatc  in  powdvr,  an  abundant  aolutiun  ia  eSecteJ: 
but  ill  a  idiort  lime  iK-edlcM  are  depoiutcd,  and  tJie  solullun 
alu|>«  tiliott.  However,  if  wc  heal  to  1*2^,  tbo  HoluUop  bt- 
comes  capable  of  diwolring  an  additional  ipuuitity  of  conoim 
wibliinale.  On  cooling,  it  becomes  aluKntt  wholly  nouMtf 
uabCHtiform  uuedlc:*,  having  a  silky  lustre.  It  Lt  very  solnUe 
10  hot  watvr.  A  saturated  solution  at  64''-A,  depo«t«B  a  pi*- 
diKiuut!  number  of  crystals  when  cooled  down  to  60°,  WhM 
<-ooled  very  tsluuty,  (he  crystaU  are  right  rliuinbie  prisms,  wilk 
angleit  of  1 12°  ntid  78".  The  eoinitJlu<-iit«  of  this  salt,  as  do- 
tcrmiued  by  tliu  imalysis  of  Uousdorf,  aru 

4  atoms  chloride  of  mercury        .         68 
1  atom  clilorido  of  putaftsiunt       .  9'S 

4  aloina  wuter  .  4*A 


i 


8S*0t 

(2.)  IiicAJun/-Jiffilrarff!frat£  qfpotamuai.  Wbvn  a  coUmJi^ 
tion  of  chloride  of  poloMium  is  saturated  as  uborc  dc-ocribid 
with  corro^ve  xuhliiuiiii',  if  wc  heal  it  to  tHi%  and  nfier  luliliii^ 
a  few  drti]>s  of  wntcr,  satunitc  it  with  a»  much  additional  cut' 
roAJve  sublimate  an  it  will  take  up  by  ii)tiuuion,  and  Uien  afwr 
filttalioit  allow  it  to  cool  in  the  ortliuary  tcmpenuunt  of  tlif 
air,  thti  fint  crystals  deposited  are  usually  of  the  asboslifonD 
kind,     'llie  clear  liquid  being  now  poured  into  a  nv'w  v«m^ 


•  Pliil.  Trans.  tSi2,  p.  3e».    f  Ann.  do  Chitn.  «  dc  Itiji.  kUv.  lU 
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wkI  left  to  spoil  tun  v<Hts  eraporatioo,  necdk-fomi  crystals  in 
»tan  Mit  tirpomtnA.    These  crystab  c-otiMitiilo  tlie  rait  in  ques- 
tion, lH.-tiit(.  iicconlinK  lo  Buii^durrst  aiuilysifn,  composed  of 
-2  ntom§  clilori<lv  of  miTciiry  .         34 

1  atom  clUoridv  of  potassium  .  9*5 

2  alomi  water         ....  'i-SS 

46-75« 

(3.)  Chhro-hifdrargyrate  tif  potassium.  When  a  ooU  soli*, 
tiori  of  chloride  of  p<»tiwsiuin  is  s<itiiruti.><l  witii  chloride  of  mer- 
cury, if  weadiianvtpml  qimiitityofcliloridcof  potMsiuin  to  that 
alrnuly  preKi-iit,  and  louvr  (he  liquid  to  Hpontuncous  cryslnlli/^- 
tjon,  large  crysbiN  arc  gradually  deposited,  usually  in  right 
rhoHilHc  prtun<i,  the  faces  of  which  meet  at  an  angle  of  1  lO". 
TheHc  cry^ral.t  have  a  very  slight  tinge  of  ycUowisJi  grey. 
Tliey  Miv  not  altered  by  exposure  lo  the  atmosphere.  The 
cons  tit  DC  I)  tc  of  tliis  luilt,  aa  detormiiied  hy  Boiisdorf,  aio 
1  atom  chloride  of  mcrcttry  .         17 

I  atom  chloride  of  potassium  .  9-5 

1  atom  water         ....  VXIi 


■  27-fi-25t 

.'),  nkhhrvhydrtirr/tfraU  t^ todimn.  Whcu  corrtKiivesubli- 
innt«  is  (ltaK»K-cd  iii  a  oold  satunUed  sohition  of  commoit  salt 
till  ihi!  liquid  refiioi-4  to  diwolvv  any  more,  and  tlic  sulutiun 
nliitmloned  ut  MpontuiicouK  ervfbdlizKtioii,  vev  olituiii  a  taxA 
of  cryoinlM  in  needles  coinpimtl  of  lh«  two  cuiutiuionts.  These 
cr^Nbils  are  irrifruhu'  oix-sided  pritims.  They  arc  soluble  in 
water)  and  not  altered  by  exposure  to  the  air.  According  to 
H  (he  analysis  of  Bonsdorf,  they  arc  comptncd  of 
K  '2  atoms  chloride  of  mercury  il4 

^^-  I  atom  chloride  uf  sodium  .  7*6 

^ft  4  atoms  of  water  4*5 

4>  ClUero-Apdrarffi/rate  oflilMium.  The  chloride  of  lithium 
diMolm  corriHive  nuhliinale  readily,  atvd  when  tlie  solution  is 
concentrated,  depo<<ite>i  cryslaU  in  needles.  (>hc  portion  of 
this  compoun<l  li  dcliquesfcent,  whiii!  aiiotlier  portion  remains 
unaltered.  Hence  it  It  probad>Ie  tliat  ihvrc  ore  two  species  of 
this  salt.} 

•  Ami.  At  Oiim.  et  de  Phys.  iliv.  IDG.        f  l^iL         I  VAA-  p-  199. 
S  Beasdorf,  Aud.  pi.  301. 


g2S  CHLORINE  SALTS. 

□M 11.  5.  Senqui-chloro-hydrargyrate  qfbarittm.  Cold  satutated  lolu- 
tion  of  chloride  of  bariuin,  when  oaturated  with  comsTC 
eubliaiate,  and  left  to  spontaneous  evaporation,  depontes  fint 
crystals  of  chloride  of  mercury,  then  needles  and  plates  idem- 
bling  prehnite,  and,  lastly,  tabular  crystals,  either  isolated  or 
in  bundles.  They  consist  of  oblique  rhombic  prisms,  whmt 
faces  meet  at  angles  of  85°  and  95°.  All  of  these  cryitab 
have  the  same  composition,  being  composed,  according  to 
BonsdorfB  analysis,  of 

Chloride  of  mercury  ....  65'S35 
Chloride  of  barium  ....  39-080 
Water 7-685 


1O2-000* 


This  approaches 

1^  atoms  chloride  of  mercury  .  .  25 

1    atom  chloride  of  barium  ■  ,  13 

3    atoms  water  .  ,  3*373 


4I-375 

6.  ChloTO-hydrargyraU  of  stTOtUium,  May  be  formed  in  tk 
same  way  as  the  preceding  salts.  It  is  very  soluble,  and  eryt- 
tallizes  in  needles,  not  altered  by  exposure  to  the  air.f 

7.  Quinto-chloro-ht/drargyrate  of  calcium.  When  a  aM 
saturated  solution  of  chloride  of  caelum  is  mixed  with  corro- 
sive sublimate,  we  obtain  an  oily  looking  liquid,  which  by 
evaporation  yields  two  different  species  of  salt. 

When  evaporated  in  a  gentle  and  uniform  heat,  or  in  tbe 
vacuum  of  an  air-pump,  over  sulphuric  acid,  the  cryBtab  de- 
posited are  regular  octahedrons  or  tetrahedrons.  These  crp- 
tals  are  transparent  and  very  brilliant,  and  are  not  altered  by 
exposure  to  the  air.  When  sprinkled  with  water  they  becomt 
white  and  are  not  decomposed.  Water  dissolves  the  chloride 
of  mercury,  and  leaves  the  chloride  of  calcium.  The  consdlu- 
ents  of  this  salt,  according  to  the  analysis  of  Bonsdorf,  are 
5  atoms  chloride  of  mercury  .         .  85 

1  atom  chloride  of  calcium  .         .  8 

8  atoms  water  .         .  9 


102} 


*  Bouitlorf,  Ann.  de  Chim.  et  de  PhjB.  xliv.  801. 
f  Ibid.  p.  802.  4:  Ibid. 
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Wlicii  Uie  soluliuii  after  tlic  <l«po#Uio»  of  tli«  octalivdral 
■crystalH  is  cooled,  iKlrpmiu^  ncciltivform  crj'stals  in  ul>uiiduiu-r, 
■lid  when  coolvd  down  b^Iow  92^  it  becomos  almost  solid. 
Whrii  licMtod,  tlip  salt  rc<{i§solvcs,  and  if  tlie  liquid  be  kept  in 
Uiv  tcmpcnihitv  uf  86",  it  depositee  lar^c  crystals,  cotifustin^ 
somvtimM  of  six-sided  prisms,  slid  sometimes  of  rltonilinidal 
tablcf,  with  angles  of  about  110°.  Tbese  cr\'slAU  nrc-  very 
soluble  in  wiitvr.  and  so  deliquescent  that  it  i^  difficult  to  \>t«- 

P serve  tbem  solid.  In  the  vacutun  of  sn  air-pump  over  iiulphu- 
ric  acid,  ibey  lose  their  water  of  crystallization  and  efHurescc. 
BoDsdorf  did  not  succeed  in  determining  the  quantity  of  watvr 
in  this  salt ;  but  the  other  constituents  are 


StM.  IIL 


2  atoms  chloride  of  mercury 
1  atom  chloride  of  calcium 


84 
8 


42« 

therefore  a  bicbloro-faydmr^ymi«  of  cnldum 
8.  TerrMoro-kt/Hrari/i/niU  o/*  tiuit/ttfxium.  Tins  anlt  is  ob- 
ain«(i  by  the  same  procc**  w*  the  pn-ccilinjj.  When  eoncen- 
ited  by  a  gentle  heat,  luid  tlien  oooleil  itlowly,  large  cr)'sta]- 
line  plates  are  depo«iteJ,  united  in  the  fonn  of  »  cross.  These 
cryMals  are  permanent  in  the  air  whrtlier  in«i*l  or  Ary.  Tliey 
nrc  rbomboidal  prisms,  when  struck  they  break  into  several 
oblique  rhomboids,  as  is  the  case  with  g)-[mum.  Sometimes 
this  salt  crj'stallijEes  nearly  in  the  form  of  Cilaitber  salt.  It  i« 
•oluble  in  alcohol,  as  well  as  water,  and  cr^'slallixes  very  well 
by  evaporation.  Itii  constituents,  according  to  Boa'wlorf'n  analy- 
■ila,  are 


3  atoms  cldoride  of  mercury 
1  atom  chloride  of  magnesium 
5  Ktoms  water 


51 

7 
5-625 


63-625t 

9.  Vhioro-hytlrargyTate  f^  vtat/nf»ium.  If  WC  decant  off  th« 
toother  liquor  after  the  deposition  of  the  crystals  of  the  precvd- 
tng  salt,  and  put  it  under  the  exhausted  receiver  of  the  ntr- 
pump,  over  snlffhuric  acid,  it  dcposites  fine  crj'stals,  consisting 
\ci  flat  rhombic  prtHms.  These  crystals  are  exceeilingly  deli- 
qii«*e*nt.     Their  consliluenid;,  according  to  Bitnodorf,  are 


«  BoMdorf,  Ann.  de  Chiin.  et  At  Vhj*.  xlK.  SOS.  f  Ibid.  p.  9M. 
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OMiiL  1  atom  cMorida  of  mercury 

I  atom  chloride  of  m&gneuum 
6  atomi  water 

10.  CMoro-hydrargyrate  ofgbuxmtm.  This  salt  cryitalliMi 
in  T^bt  rhoffibie  prisms.t 

11.  Chloro-hydrargyrate  qf  yttrium.  It  forms  enbie  cryAli 
which  appear  to  be  deliquescent.^ 

12.  Chhro-hydrargyrate  of  ctrium.  It  cryatelluM  io  eabcit 
not  altered  by  exposura  to  the  air.} 

13.  Chhro-hydrctrgyraie  f^  iron.  When  the  cryitaUiteA 
green  chloride  of  iron  is  dissolved  in  vater,  tlie  liquid  taka 
up  a  great  deal  of  clitoride  of  mercury ;  but  allows  a  portton  of 
it  to  foil  during  evaporation,  as  is  the  case  with  some  ot^ 
similar  solutions.  When  the  mother  water  is  evaporated  in 
the  exhausted  receiver  of  an  ^r-pump  over  sulphuric  add,  it 
depoaites  beautiful  crystals  in  riiombie  prisms ;  whid  «■•• 
times  from  truncation  oi  the  edges  have  6,  8,  sr  10  free&  Tie 
ctriour  is  banay  yellow.  When  exposed  to  the  sir  (anka  it 
be  rery  dry)  they  deliquesce  and  undergo  Aom  decompoiitism 
deporting  4  brownish  yellow  powder.  It  seems  to  be  aooi- 
poijnd  of 

1  atom  chloride  of  mercury         .  .  17 

1  atom  chloride  of  iron  .  6 

4  Atoms  water  .  4'S 

1 4.  Ckloro-kydrargyrate  qfmanganese.  When  this  s«hit)M 
is  formed  tike  the  preceding,  it  deposites  crystals  of  chloride  li 
mercury.  The  mother  water  being  exposed  to  a  new  evapo- 
ration, deposites  transparent  crystals,  having  a  red  colour,  mi 
precisely  tlie  form  of  the  chloro-hydrargyrate  of  iron,  Tbej 
deliquesce  in  moist  air,  or  when  handled.  In  the  vacuum  of  > 
receiver,  over  sulphuric  acid,  they  effloresce.  This  salt,  sc- 
oordiflg  tp  the  SBolysis  of  Bposdarf,  is  composed  of 

1  atom  chloride  of  mercury  .         .  17 

1  atom  chloride  of  maDganeae  .         .  8 

4  atoms  water  .  4.5 

•  BonsdorT,  Ann.  dc  Chim.  ct  dc  Phys.  xliv.  p.  803,      t  Ilnd.  p-  W6. 
t  Ibid.  5  Ibid.  p.  244.  I  Ibid.  p.  UB.         1  OwJ.  p.  2M 
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15.  CAloro-Af/drarffffrale  nf  nickel.     'Pie  toltition  made  Ui     »«■". 
same  «'Ry  as  the  i)receding  <lc[KMiU'«  by  sponlaReoui  crapo- 

■  ration  re^lar  tetraliedronx,  huvinff  an  apple  ^crn  <nlDur. 
Tlww  crystaU  are  not  ultorcd  l»y  exposure  to  ^le  air.  TliU 
salt  liafi  not  been  aiiuU-xi-d,  but  its  ponttituents  are  probably 

(in  die  Bame  ptoportiutu  lu  tbo  quioto-chloro-bydrargyrace  uf 
calcium,  which  crynUilli/eg  in  the  samp  diape. 
Wlien  tlie  mother  wiuer  i»  put  into  tlie  vacuum  of  an  atr- 
pump,  over  sulpliiine  iicid,  it  depMites  new  crystals,  some  of 
which  are  lonjf  priMiw,  others  short  and  very  oblique  jirbma, 
wboM  obtuse  atii^lti  is  uhout  Ii30«.  Tli«se  cfystals  ileli<]UG«M 
imlew  tl>«  air  be  dr)-.* 
H  16.  Ciiiorrt-A^flrarffi/rate  ofeobtilt.  This  aill  crys(alltz«s  In 
'  bmuliful  prisms  uf  a  bluish  red  colour.  'I'hcy  arc  isoraorphouB 
writh  the  cr)-stals  of  tlie  chloro-hydnu^TBte  of  iroii  aiid  iiian> 
f^anes«.      They  deliquescfl  unless  the  air  he  dry.f 

17.  Chloro-htfiiriirfft/raie  of  zinc.  A  solution  of  chlbridvof 
xinc  saturated  with  cbIorid«  of  mercury,  when  Ivft  to  spontane- 
ous evaporation,  depositcs  fiiie  rbombic  prisms  of  cbloriile  of 
mercury.     Tbo  mother  water  crystallizes  willi  dii&cuhy  i-veu 

■  over  sulphuric  acid.     It  deiMwitespriainatic  needles  and  tables, 
which  arc  very  deiiqiiwcont-t 

18.  Chioro-hydrargj/rtih  vf  copper.  It  cryatallizes  in  pri»- 
mfttic  necdlcK,  ami  is  not  altered  by  exposure  to  the  air.§ 

119.  CIU»ro-hffiir(irgyrtitr  (if\ead.     This  salt  cannot  be  formed 
on  acouuiil  of  the  little  Milubility  of  chloride  of  lead. 
I  SBCTIOK  IV. — or  CltLOHO-AUHATItM. 

\  Several  of  tlicse  mIu  have  l>een  known  for  a  considerable 
limp ;  but  it  ia  only  of  lale,  and  in  consequenee  of  the  inves- 
tigations of  Itonsiiotf,  that  we  bare  become  acquainted  with 
Aeir  nature. 

I.  Bichlimt-auraU  (^ j^asMioit,  Tliia soil  may  be  obtaliu.'^l 
by  mixing  ti^t-tlu-r  (oluitons  of  ctiloride  of  gold  u»d  chloridv 
of  )>otas»ium.  and  concvnt rating;  the  solution  till  itdeposiiea 
cryvtnla.  The  shape  of  tlie  cryMnI  is  a  four-sided  prism  j  its 
colour  is  yellow.  When  pxpowed  to  the  air  it  slit(htly  efflor- 
C»c«s.  When  heated  it  ([iveii  otit  water,  and  (lien  melts  into 
,  ft  dark  red  liquid,  which,  when  kept  in  a  high  red  hvut, slouly 
nvM  out  chlorine,  and  leaver  a  mixture  of  gold  and  chloride 

•  Boimkiif,  Ana.  lU  Chiai.  «t  ■]«  Phyt.  >lir.  p.  «H. 
t  Ibid.  |K  K-H.  t  niia.  p-  lt4S.       S  AirJ-  p.  MS. 
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ciw  iL  of  potassium.  The  salt  is  very  soluble  in  water,  and  tbe  soIq- 
tion  lias  a  yellow  colour.  It  is  very  acrid,  and  like  all  the 
soluble  salts  of  gold,  acta  as  a  poison.  The  constitttenta  of 
this  salt,  according  to  the  analysis  of  Jaral,  are 

2  atoms  sesquichloride  of  gold         .  ,         38*5 
1  atom  chloride  of  potassium           .         .  9*5 

3  atoms  water  .         .  Q-S75 


51-375* 

S.  Chloro-aurate  of  sodium.  This  salt  is  easily  fonned  by 
evaporating  to  dryness  a  solution  of  4  parts  of  gold  in  aqn 
reg^a,  dissolving  the  residue  in  8  parts  of  water,  adding  1  put 
of  common  salt,  and  then  concentrating  the  solution,  andallmr* 
ing  it  to  cool.  Long  orange  yellow  four-sided  prisma  are  de- 
posited, constituting  the  chloro-aurate.  These  inystals  are  aot 
altered  by  exposure  to  the  air.  When  heated  Uiey  give  oat 
water,  and  then  melt,  and  in  a  red  heat  give  out  chlorine ;  but  it 
requires  a  very  long  continued  application  of  heat  to  drive  off 
the  whole  of  the  chlorine.  This  salt,  according  to  the  auly- 
sis  of  Figuier,  is  composed  of 

2  atoms  sesquichloride  of  gold         .  .  38'5 

1  atom  chloride  of  sodium  .         .  7*5 

6  atoms  water  .  .  6-75 


62-75t 
In  my  experiments  on  gold,  I  obt^ned  another  chlor&>auiite 
of  sodium,  composed  of 

2  atoms  chloride  of  gold      .         34 
1  atom  chloride  of  sodium  7*5 

6  atoms  water  .         .  g 

50-5 

Probably  the  same  chloro-aurate  of  potassium  also  exists. 

3.  Chloro-aurate  of  barium.  This  salt  has  a  brown  culov, 
and  crystallizes  in  short  rhombic  prisms,  the  obtuse  edges  of 
which  constitute  angles  of  105°.  In  dry  air  it  remains  nntl- 
tered ;  but  it  deliquesces  in  a  moist  atmosphere.^ 

4.  Ckioro-aurate  of  strontium.  Yellow.  It  crystallius  in 
rhombic  prisms  permanent  in  the  air.§ 

*  Add.  de  Chtm.  et  de  Phys.  xvii.  337- 

t  Jour,  de  Phaamic,  n.  64,  and  viii.  157. 

}  Bonsdorf,  Ann.  de  Cbim.  et  de  Pfajr*.  xliv,  258. 

$Ibtd. 


!^   'IWefiUiro-auratf  i^  talcium.     It  ii<iually  constitute!)  aci- 
ciilur  cry^bili  coiiH^ting  of  rhombic  prisniA.     Tbey  xk  not 
lillcre<l  l)y  dry  air;  but  deliquesce  wlu'ii  ilie  iiltixMpIuTr  is 
nwist.     Dy  the  analysis  of  lton-')darf,  lliv  kiJt  h  com\tw^A  of 
H-        3  utoms  ses(|uicliloriile  of  ^M                   .         57*7a 
^L         1  Btam  Hiloride  of  calcium  7-00 

^L^  6  atou!t  water 6-7S 

^^^  71-5- 

■  6.  Terchloro-aurale  <{f  maffnetium.  When  concentrated  in 
tliv  vacuum  of  nn  air-pump  over  sulphuric  acid  it  cryMlsllixvs 
in  sliort  rliomboidftl  prixnu  witli  edges  of  7*2'  and  lOS".  The 
colour  ifl  »  fine  yellow.  In  dry  air  it  renittins  iinultered  but 
deliquesces  in  moist  air.  In  a  gentle  heat  it  loses  its  water  of 
ervMallization,  and  melts  into  a  deep  brown  liquid  which  ox* 

fes  chlorine,  and  at  kst  it  dries.    Its  oon»tituenl»,  according 
the  analysis  of  BoTisdorf,  are 
.*}  atoms  «esquichloride  of  gold         ,         .         57-75 
I  atom  chloride  of  mugneeium          .         ■  6 

12  atoms  water 13'5 
77-25t 
7.  aUorO'aurfite  of  manffonae.      Crystallizes   in   yellow 
luomhoidal  prisms,  which  deliquesce  in  moi^t  air.     It  is  pr»- 
bttbly  iNumOT^ihous  witli  the  two  preceding  salt«.l: 

8.  C^toro-anraie  of  ttichet.  Crjsiallixc*  in  «hoTt  rhom- 
boidal  prisms,  colour  grecntsh-yellow,  isomorpbous  with  the 
terchloro-a unite  of  Duu)ganeHe.§ 

9.  Chloro-aurtdf  of  roltatl.     Crystiiiti  very  oblique  rhombic 
of  a  deep  yellow,  and  not  altered  by  exposure  to  the 


10.  Chtoro-auratr  of  zinc.  Similar  In  appearance  to  tlie 
chloro^urate  of  magnesium,  to  whidi  it  i*  isoDiorphoua.  Per- 
manent in  a  dry  atinoapbere.^ 

11.  Ckloro-miratf  (f  cadmium.  Its  colour  is  deeper  than 
that  of  the  pr<-ci-iling  salt.  It  crystalliics  in  prismatic  needles 
pennaneni  in  the  air.** 

El                  SECTION  V. — or  CHLOnO-rLATIKATCA. 
For  tlic  invcittigation  of  most  of  the  species  Iwlonging  to 
•  BoDKlarf,  Ann.  de  Ctxiin.  rt  de  Phy».  xli».  p.  BA7.  t  'Wd. 

I  lUd.  p.  SM.      $  Ihid.  p.  2M.      I  Ibid.  p.  s:^.      \  tbid.      •*  Ibid. 
L 
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o^ I*-    ibn  rliw*  of  wtlu,  uiih  which  w**  iir«  tit  pratcnt  «cqiMiint«<), we 
~~'~~  ar«  uid»l»ted  to  th«  iniltirtry  of  M.  Botudorfl 

1.  Chhro-p/alinalf  of  tmmmia.  When  m  solution  of  m) 
anunoniiic  is  added  to  liquid  chlHtiilff  of  plBtiiiuni  a  iH-aulifiil 
oraiigv-yellow  precipitate  falls,  conusling-  of  vorj-  Mnall  octo- 
hednms.  It  i»  taflteless.  Very  little  soluble  in  vmitir.  ^^'\u^D 
heslMl,  Mtl  luiiiiioniac  and  dilorine  are  disengaged,  and  OKdUic 
platiriHtn  rfmninH.     It  U  a  i-oinponnd  of 

I  atom  bicIilori4l(>  of  platinum         .  .  31 

I  atom  hhI  lunmoniiic  •  ^7i 


iiik  , 


27-75 
S.  Chhro-pfaHfMie  ofpotassitan.  Tlita  wall  was  obtatoed  1; 
Mag;nua  hy  di^iiwlvin^  <;liloride  of  plutinutn  in  a  minimaiD  of 
muriatic  add,  lulilirif^  cliloride  of  potauium  in  tlir  nquiatt 
pro)M>rtioni<,  and  cviipomttng.  Red  prisms  are  obtained  nfll]r 
soluble  In  UTiter;  but  inwiliibia  in  alcohol;  which  ihnm 
down  the  salt  in  nevdies  from  tlio  aqueous  ftoIuDon.  TU( 
Bult,  like  the  preceding,  19  anhydrous,  and  composed,  aMoni- 
tng  to  M^nus,  of 

1  atom  chloride  of  platjnum  .         .  16*5 

I  atom  chloride  of  potaRsiuro  .         .  O'fi 


ON- 

4 


3.  Btchtom-jftatinate  of  potammK.  This  is  th*  commM 
yellow  precipitate  which  MU  when  a  «al(  of  potash  b  aiMfd 
to  an  aqueous  solution  of  chloridv  of  plalinuin.  It  ooitfittt  of 
very  small  octaliedrons,  very  Utile  soluble  In  water,  tiul  aal 
at  all  in  alcohol.  When  heated  it  gires  out  chlorine  and  Ian* 
n  mixture  of  platinum  anil  chloride  of  potassium.  IM  canMi- 
tuentH,  aecortliii^  to  the  analysis  of  Brrveliua,  u* 

I  atom  bichloride  of  platinum  .         91 

I  atom  chloride  of  potassium  .  tKi 


4 


SOS 

4.  CMoTo-piatinale  of  to^tm.  This  mlc  is  formed  «1ien 
common  salt  is  a<lded  to  a  sotntion  of  ehlande  of  [iludnum,  ■»' 
the  mixture  ia  sufficiently  concentrated.  The  liquid  AwfOiMt 
beautiful  oraiifje-rcd  prisms  or  triangular  lahlea.  When 
heated  it  fulls  down  into  a  yellow  coloured  powder,  and  by* 
stronger  heat  chlorine  b  driven  off.  and  there  nntohi*  \ 

'  I'oncndiMf'*  Annaleo,  ilr.  HI. 
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turc  of  platitiutn  luid  cliloride  of  smliiiiD.    Tlic  constitueots  of     *'***■  ''• 
tliis  salu  as  dctonnined  by  the  analyiuA  «f  Ben^liiKi,  are 
I  atArn  bichloride  of  plHtiuum                  .         21 
I  alotn  chloride  of  Aodium      .         .         .  7'fi 

6  atonu  water 6-7& 

5,  Chhro-pliitinale  of  barium.  Wbeu  a  mixture  of  chloride 
of  platinam  and  chloride  of  barium  ill  slight  excess  b  left  to 
1 8|)ontaneous  evaporation,  we  obtain  yellow  pri«ins,  wbicli  are 
(easily  separated  from  the  excew  of  chloride  of  liAriiiiii  by  a 
little  wafer,  which  diMoIvew  tiiein  witliout  (otiehitig  the  clilo- 
nAn  of  barium.  By  a.  iM-coiid  cryiftidiiuitiun  they  are  oblaineA 
qnitr  pure.  'Ilir  crystuis,  when  pure,  arv  d«,>fp  oniitiK«(  si>ni> 
lor  both  in  shapv-  and  colour  to  the  iiatuTsl  chromiitc  of  1cik)| 
■  or  oblique  prianis  with  anj^ka  of  about  107°  and  73°.  Tlumc 
cryMalt  are  not  altvred  by  rxpoture  to  tlie  air.  When  heated 
to  1)k'  lomperatiire  of  ISf**  tbi-y  clBwre*ce  and  fall  into  powder. 
But*  luglmr  teinperuiiirv  is  necessary  to  nuikc  tliem  Iom:  all' 
tfaair  water  of  cryitallixation.  'I'hv  con^titucuta  of  this  lalt, 
aoeordtag  to  tlic  aiuilystH  of  Bomdorf,  are 
K  1  atom  bichluride  of  platinum  .  31 

H  1  atom  diloridc  of  barium      ...         13 

^^  4  atoma  water  4*5 

B  6.  Ciilorv-pbttinate  offtrtmtium.  It  ii  prepared  in  the  latne 
way  ■•  the  precedinff  salt.  It  ih  vrry  wluHle  in  water,  and 
cryatallixe*  in  rhombic  prisniH,  one  of  tlte  nnj^les  of  whieh  i* 
about  9ir :  but  in  ^elve^al  we  obtain  it  only  in  a  fibrous  or 
conipact  mass.  It  it  uot  altered  by  exposure  to  tlie  air;  but 
eSoreaceR  wlten  heated.  Its  eouHtiluenls  by  Uonadorf's  aaa' 
lysis,  nt*'- 

1  atom  bicldoridr  of  pbttinum                  .         81 
1  atom  chloride  of  strontium           .  10 

8  atoms  water 9 


40t 
7.  CAhro-pfatinale  of  cakium.     M'hen  solution<<  of  the  two 
constituents  of  tiiis  ult  are  mixed  and  left  to  H()ontnDeous  eva- 
poration sometiraea  crystals  in  dendrilM  arc  formed  tilie  sal 
_    ammoniac,  some  timet)  a  yellow  colouriMl  tmn^parent  gebtinoiis 
I  *  Pogsmdarf'i  Aiuulen,  (It.  p.  MS.  -f  Md.  p.  M*. 
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o«  'k  mam.  'I'm  obtain  rcgulur  crystals  we  should  add  un  exc«9t  of 
chloride  of  calcium.  Bonsdorf  obbuned  it  on  odc  occanion  tn 
small  rliombic  prisniH.  A  gentle  licat  drives  off  tb«  water  of 
crystollizDlioii,  wid  diangeti  it  into  a  dnll  looking  [Mwder;  bat 
on  exposure  to  the  lur  it  n^raiti  imbibes  the  «-ator  driren  oK 
lu  constituents,  a«  determined  liy  Bonadorf,  are 

1  atom  bicbloridc  of  platinum        .  .  SI 

1  atom  ditoride  of  calcium  .  .  7 

8  atoms  water      .....  0 

37* 

&  Chioro-platinate  (^ magnttium.  Obtained  by  mixingsolo* 

ttons  of  the  constituents,  and  abandoning  them  to  apontaneont 

crystallization.     'J1ie  cryHtab  are  sometimes  rbnmbolds,  vhb 

iiices  wliosc  frronliT  angles  are  about   130^.     'J'hey  arc  often 

in  Hmall  needles,  or  nidiatcd  bundles,  having  a  silky  Itutie. 

This  salt  bus  ■  golden-yellow  colour;  is  not  ultercd  by  npo- 

ture  to  the  air;  is  wry  soluble  in  water.     When  Leatrd,  it 

loaes  its  witter  of  cry  stall  iiation,  and  fiilU  into  a  yelioinsi) 

brown  dirty  powder.    When  left  exposed  to  the  air,  it  reeofen 

exactly  the  quantity  of  water  which  it  had  lost,  forming  a  oh 

liereiit  mass  witli  the  original  yellow  colour.    I'he  cnnstilueati 

of  tliLs  salt,  as  determined  by  tlie  analysis  of  Bonsdurf,  arc 

1  atom  bichloride  of  platinum  .         31 

I  atom  clilortdc  of  mngncsium  .  fi 

6  atoms  water         ....  6-73 

33-7*t 
9.  Chloro-ptafinaU  of  irtm.     The  salt  is  best  obtained 
evaporating  tJie  mixture  of  tbc  two  conAtitucnts   under 
exhausted  receiver  of  an  air-pump  over  sulphuric  acid.    Ill 
a  deep  brown  colour,  and  has  the  same  crystalline  shape  oidI 
constitution  as  the  preceding  saltj  namely, 

1  atom  bichloride  of  platinum  ,         SI 

1  atom  chloride  of  iron  .         .  8 

6  atoms  water  ....  6-7$ 
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10.  CAtorO'platinetteqfmaDffaHeM.  Similar  to  chloro-pUt 
of  magnesium,  excepting  that  it  ha«  a  deeper  brown  cvloat- 

*  PoggMdorf' ■  Ana>l«n,  xiv.  p.  BM.    f  ItM.  p.  Ul.     |  Had.  p.  03.  < 


CIILOttO-rALLAUtATES.  8S7, 


Its  constituents  nro  the  same  as  those  of  the  other  isomorphous    '"'-  "'- 
[•alts  just  dcscrilxNl;  iiamelyf 

1  Mom  bicliloride  of  platinum  .         91 

1  atom  chloride  of  manganese  .  6 

6  ato«i!i  water         ....  6-75 

35'7a» 

11.  Chloro-pleUinale  ofcubali.  Similar  to  the  preceding  in 
all  respects,  even  in  colanr.f 

12.  Chhra-jJaiinaie  ofnkkfl,  lu  colour  is  greenish  yellow, 
but  in  over)'  other  respect  It  is  similar  to  tliu  prercding  salt, 
«ven  its  constituents  arc  the  same  us  tliosc  of  chloro-platinato 
of  manganese.  I 

13.  Chloro-ptatiuaU  of  zinc,  M'licn  concentrated  solutions 
of  the  constitnt-nts  of  this  salt  aie  mixed,  they  depusiio  a  yeU 

■  low  salt  in  needles.  On  adding  a  tittle  water,  the  crystab 
rediiMulve,  hut  am  Oiptin  produced  by  evaporation.  Lii»tre 
•iiky,  colour  a  fine  golden  yt^Uow,  not  altered  by  exposure  to 

Htlie  nir.§ 

"  14.  Chhro-plaimale  of  cadmium.  This  salt  is  similar  to  the 
preceding ;  but  its  culuur  approaches  that  of  cAioro-pltttinate  of 
mtmgtmttit.\ 

■  13.  Chloro-piatinaU  tf  copper.  Similar  to  chloro-platinale  of 
nickel,  excepting  that  its  colour  is  a  deeper  green.  It  deli- 
quesces in  moiht  atr.  It  is  best  crystallixed  in  the  vacuum  of 
■■n  uir-pump  over  sulphuric  aci<l ;  but  it  effloresces  if  it  be  left 
too  long.  Bonsdorf  obtained  it  in  beautiful  prisms  terminated 
l>y  a  rhomboidal  fecc;  but  in  general  it  crystalli/x-s  in  needles. 
Ita  cunstiluents.  according  to  the  analysis  of  liouMlorf,  are 

LI  atom  bichloride  of  platinum  .         25 

I  atom  chloride  of  co])pvr  .  .  8-5 

6  atoms  nater  ....  6-75 

«-2MI 
This  b  the  constitution  also  of  (he  eight  preceding  nalts,  which 
re  all  isomorpboiis, 

SECTIOK  VI. — OF  CHLORO-rAI-LAniATKa. 

The  ddoride  of  palladium  combines  with  chloride  base^*, 
|.vbcn,  after  abiding  a  little  muriatic  acid,  tlie  solutions  are 

■  I>ontca.lorr*  Annnlen,  ilr.  OS.  f  lUiL  p.  U5.  1  Ilkid. 

S  Und.  p.  7M,  I  IbML  p.  t:^  1  llHd, 


CHLORINE  ACID  SALTS. 

cbm  II.  mixed  tegether.  The  mixtnre  must  be  er^wrated  to  dryocM,' 
and  the  reBidae  dissolred  in  water,  and  erfttalfiscd  in  tfce 
vacuum  of  an  air-pump  orer  sulphuric  acid.  The  chloro-pil- 
ladiatea  hitherto  examined  ar«  rery  soluble  in  water,  and  aolu- 
ble  also  in  alcohoL-   They  have  usually  abromi  Mrionr. 

1,  Dichloro-palladiate  qfammonui.  When  annnonia  ia  ex- 
cess is  added  to  a  solution  of  chkiride  of  palladium,  the  yellov 
precipitate  which  Mis  al  first  is  vedissolTed.  B;^  «*apoiatiif 
to  dryness,  and  digesting  die  residue  in  water,  a  ycHMriA 
green  insoluble  powder  remains.  Its  comitttnents  at* 
1  atom  chlorine        .  4*5 

1  atom  paUadium  .  6>75 

I  atom  ammoaia  2*135 


ia875 

3.  CMoro-paUadiaie  t^potatMum.  Detcribed  in  toL  L  p.  677. 
It  Is  composed  of 

1  atom  bichloride  of  palladinm  lS-7Ji 

)  atom  chloride  of  potassium         .  9*5 
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3.  Chhro-paUadiate  oftodium.  A  red  coloured  salt,  fsd^ 
soluble  in  alcohol. 

4.  (^>Ioro-paUadiate  o/barivm.  It  crystallizes  in  deadntei, 
which  vegetate  on  the  edges  of  the  ghaa,  and  are  not  altcnd 
by  exposure  to  the  air.* 

5.  C/Uoro-palladiate  ofoaicium.  It  fomw  {mtmatic  ctystili 
of  a  light  brown  colour,  and  deliquescing  in  the  air.f 

G.  Chioro-palkuiiaU  of  magnesium.  Forms  priuBatic  needle^ 
permanent  in  dry,  but  deliquescing  in  moist  air.:^ 

7.  Chioro~paUadiate  <f  manganege.  It  crystallizes  in  cnbe* 
or  in  rhomboids,  diifering  but  little  from  cubes.  Cektur  w 
deep  a  brown,  tbat  it  appears  black  by  reflected  light.  Mot 
altered  by  exposure  to  Uie  air.J 

8.  Chhro-paSadiaU  of  nickd.  Rhomboids,  or  rhunboidil 
prisms,  of  a  deep  brownish  green.  The  lateral  angles  deriA 
very  little  from  90°.     Not  altered  by  exposure  to  the  air.| 

9.  Ckloro-palladuite  of  zinc.  Needle-form  crystals  in  di- 
verging rays.  Colour  brown.  Deliquesces  rapidly  wken  ex- 
posed to  the  air.l 


•  Boiudarf,  Aon.  de  Chlm.  et  de  Phyi.  xUv.  159.  f  IM. 

i  Ibid.  5  Ibid.  U  Itrid.  p.  SM.  1  Ibid. 


CIIUdtO-lRIDlATEH. 


'     10,  Chloro-paUailiatr  qf  cadmium.     Fine  DCodlvs  of  a  fina 
brown  colour,    ll  does  not  delique«cc  when  expo&«d  to  thti  uir.* 


^  secrioN  vir.— OF  ciiLpOho-rhodiates. 

This  f(eaus  of  taltB,  owing  to  tJie  difficulty  of  procuring 
rboditun  in  sufficient  qunntitV)  hiw  bccti  very  little  invcttt^tefl. 

1.  Chloro-rhodiaU  i>f  polattum.  When  finely  pulverized 
rhodium  is  mixi-tl  with  cliloridii  of  potuMitim,  nnd  igiiitc<l  in  b 
gUw  CuIm-,  wliilc  a  current  of  cliloriue  gas  is  pitssc*!  tlirough 
it,  the  whole  b  converted  into  a  red  coloured  mass.  Dimolve 
tbia  mass  in  n-Bter,  and  precipitate  the  cliloro-rbodiale  by  alco- 
hol. Ws-sk  die  red  prmpilate  willi  alcubol  ul'0-a40,  till  the 
•scon  of  chloridv  of  potuwium  ia  removed,  'llie  chIoro-rh<H 
Hijitt^  lhii«  4^tnined  w  n  red  powder,  wbicb  uiAyfx*  cryslidlbed 
by  solution  in  uiiter,  and  the  proper  degree  of  c-onccntratioil. 

I  Its  con&tituents,  according  to  the  lUialyRit  of  Berxelitin,  arc     ' 
1  atom  M^(iii chloride  of  rhodium        .         Il'& 
I  atont  chloride  of  potassium      .  •  B'5 

4  atoms  wnter  ....  4'5 

2.  Chioro-rAodiatt  of  •orfiniM.  TTib  salt  may  bo  olituincd 
by  the  raine  procefw  us  ihe  preceding,  merely  Mubftlittttiug 
eommon  unit  for  chloride  of  puUiftuum.  ll  was  obtained  ort- 
fpnally  by  Dr.  Wollustoit,  by  the  process  dettcrilM-d  ia  vol.  i. 
p.  &gO.     The  constituents  of  this  salt  are 

I  atom  sesquiciiloride  of  rhodiam 

P,    I  atom  ciimraon  nit 
Ir  9  atoms  water 
■ri.1-  , 


H-5 
7-3 
10- 125 
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KECTIOH  VJ|I.^H>r  ClILoaO-IKIDIATKS. 

This  genu«  of  salts  is  still  as  little  pxplorod  as  Ihe  preceding, 
and  for  the  same  reason — the  great  scarcity  of  iridium. 

1.  Chlam-iridialf  u/ potaimwm.  This  salt  has  Iiccn  de#crilwd 
in  vol.  i.  p.  690.  Iik  constituents,  aeeordiug  to  the  analysis  of 
Berfcliiis,  arc 

1  atom  sesqnichlorido  of  iridium  .  19 

1  atom  chloride  of  potassium  .  9-& 


■28-5 


•  BoBidori',  Ana.  <(•  CUn.  tl  de  Phyi,  aliv.  140. 
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■  IL 


'i.  Biihloro-iridiate  (jf  ftotauium.  The  mcUiocI  employn! 
by  Bcrzeliu»  fur  forming  this  suit  was  tbe  followiug.  lliroagib 
an  intinuite  mixture  of  iridium  and  ctiloride  of  potasnitai,  nucd 
to  a  loH-  red  hcut,  a  current  of  chlorine  gas  is  puwd.  Tbc 
iDNtter  ia  now  dissolved  in  wuter,  to  sepiirate  the  iridium  idU 
rcmaiiiing  in  the  metallic  ftUtle,  aiid  tlic>  filtered  soluUou  being 
m\xv<l  witli  u  iilile  aqua  rcBia,  is  i-vaporated  to  ilryiKM.  TU 
cxcv«t  (if  clitoride  of  potawium  is  removed  by  watfaing  dw 
residue  witli  a  little  cold  water.  It  is  now  dissolved  in  bmling 
water,  and  a  little  aqua  regln  being  added,  the  suit  is  cr7«ut- 
lixed.  This  Halt  dissolves  easily  in  pure  water  witli  ■  dttf 
rvd  colour ;  but  in  water  Kalurated  with  chloride  of  potaaidoi, 
it  is  not  soluble ;  neitlier  is  it  soluble  in  aloobd.  Id  » low 
red  lieal  it  is  not  altered ;  but  a  strong  red  heat  deprive*  it  of 
chlorine,  luid  converts  it  into  llie  preceding  salL  Its  oonsDIi 
ents,  88  determined  by  Berxelius,  are 

1  utom  bichloridu  of  iridium  .         21-2S 

1  atom  chloride  of  potassium  .  0-5 


inacon-    j 


ao-7i 

3.  Terckhro-iridiate  qf  pota*sitiiH,     Wbuii  the  grains  coa- 
powd  of  osmium  and  iridium,  nfter  being  heated  to 
with  saltpetre,  ore  digested  in  water,  both  (he  nqncoos  s«il«i 
aiid  the  undissolved  powder  being  distilled  with  aqua  regis 
the  liquid  remainiu)^  in  the  retort  lieJiig  fillered*  mixed 
clitoride  of  pvluraiuni,  and  eva)>orated  to  dryness,  a  dark  Ttd 
natter  remains.     Wash  tlib  matter  witli  a  little  water,  wkidi 
will  dinolvc  little  but  chloride  of  potassium.     Oiasoire  the  re- 
roaioing  dark  red  matter  in  water,  evaporate  to  dryncM,  w»A    i 
the   re^due  with  alcohol  of  0*&4CI,  and  then   dimoire  it^H 
tvaUT,  and  leave  tlie  solution  to  spontaneous  cryMaliiacBtMB.^^ 

'Ilie  crystals  arc  oblique  pri&ms  witlt  rhomboidal  basefl.    Bjr 
reflected  light  they  u]>{>ear  brown,  by  transmitted  light  m\rf 
red.     Tliiii  salt,  according  to  the  analysis  of  Dericlius,  is 
posed  of 

I  atom  terchloride  of  iridium     .         25-7d 
1  atom  chloride  of  potassium     .  7-5 


.13  25" 

4.  Semjuichhro-iridiale  of  mdium.    When  the  scsqxicfaL. 
of  iridium  is  mixetl  with  comnton  salt  and  eraporat<'d  it  U  \ 


■  A  dc*cril)lioa  of  llie  mode  of  obtwolns  ihfa  mU  k  giren  tn  VoL  I.  ]l  i 


CH  Lo  Bo-OfiM  I  Arr.a. 

'flecotnposed  as  when  chlorule  of  potatnuin  is  used,  but  gives  h 
omI  black  compoutid,  futiible  by  heat,  and  dvliquvscing  wln-n  ' 
oxpoHcd  to  the  air.     ft  tlissolvcs  rcwlily  in  water  luid  in  ulco- 
boli  and  tlic  solution  luis  a  blmxl  ri'il  colour,* 

6.  Bichion^iridiate  oftodimn.  Obtnincd  by  a  process  sinii- 
hr  to  that  by  which  the  bichloro-irii^tatc  of  potnssium  l4  formed. 
It  crystallizes  in  black  tables  and  in  four-aided  prisiutt,  an<l  is 

Iisomorpbous  witb  the  correspaiiding  platinum  salt-t 
I  SKCTION  IX. OP  C1ILOUO-0SMI.1TKS. 

1  ■  Chhro-otmiate  of  ammonia.  This  salt  was  obtained  by 
Berzelius  by  pastLing  u  current  of  cUlorino  gas  over  osmium 
liealeil  in  a  gliLW  tube,  and  allowing  tlie  vapour  to  pass  intoiui 
a(|neoiL«  soltilioti  of  ummonin.  Hvaponiie  to  get  ri<l  of  (lie  ex- 
cess of  ammonia.  Apply  a  moderate  heat  to  the  browii 
coloured  resiiliie  to  drive  olf  tlie  excess  of  sal  ammonioe,  a 
greenisli  residue  reroaui-s  which  is  tlie  salt  in  question. 

S.  SmquiehUiro-osmiaif  of  ammonia.  Dissolve  the  ammonia- 
«esc[uioxide  of  osmium  in  muriatic  aci<l)  and  evaporate  tlie  dark 
yellowish  brown  solution  to  dryness.  'I'hesalt  remains  in  the 
form  of  a  black  unerj'stulliznble  mass  not  altt^red  by  exposure 
to  the  air.  When  heated  it  becomes  imperfectly  liquid,  and 
then  undergoes  decomposition.     It  is  soluble  in  waler.^ 

3.  Terchlaro-osmiate  tiffimmortiii.  A  current  of  chlorine  gaa 
paued  over  osmiute  of  iridium  was  receiv«-<l  in  weak  ammonia 
till  the  alkali  wm  saturated.  This  liquid  after  some  days  was 
placed  in  contact  with  an  excess  of  muriatic  add  and  with  mer- 
cury. The  brownUh  pnqilc  liquid  in  4d  houn  lost  all  smell 
of  omnium.     It  was  evaporated  to  dryness,  and  thedryrosi- 

wdue  wa»  digesle<l  witli  alcohol.  Hie  alcoholic  solution  had  a 
Wuulilul  red  colour.  Being;  left  to  spontaneous  evaporation 
it  dc|>osited  the  terchloro-osiuiale  in  the  state  of  a  brown  eon* 
fused  crystalline  mass.  It  is  soluble  in  water.  When  heated 
it  gives  off  sal  nmmoniae.§ 

4.  C&hro-ormiate  ftf  potaMium.  It  may  bo  obtained  by 
mixiufir  the  two  constituents  and  evaporating  the  mixture.  It 
crystallizes  in  prisms  hann^  a  brown  colour.  Alcohol  being 
nddvd,  a  great  deal  of  the  osmium  is  reduced  to  the  metallic 
state.     Thu  salt  is  much  more  soluble  in  water  tlian  In  alcohol.  Q 

_  ■     5.  Dkkhro-otmialf.  of  [lolnisium.     Equal  weights  of  osmium 
■  tnd  chloride  of  poUissium  arc  exposed  at  a  red  heat  in  a  glaM 

k 


tolix. 


'Scndius. 


ttlMl. 


t  Ibid.  i  IbU. 
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BnOMIKt  ACIU  SALTS- 


(iM  ta  tube  to  n  ttreaia  of  dilorini.'  ga».  From  Ui«  durk  red  puvdn' 
formed  by  thu  process  the  excew  of  chloride  of  poU-Wwffl  ■ 
wMh<N!  out  by  «  little  water,  the  rc«iditi>  w  now  disMlvvliD 
wutcr  ami  allowpil  to  crystallize  spontaneously.  The  eyittU 
urv  ref;iilar  odaliedrona  of  a  dark  brown  colour,  and  hkTtn^ 
coKsidcrable  liuUe.  Tbe  powder  t»  cimtabar  red.  Tbei 
etitueiiu  of  thui  salt,  Moordin^  to  tliounalysia  of  Ik'ntuliiw, i 
1  atom  bichloride  of  <ninium  .  iil-& 
1  mUna  cfaloriik^  of  potassium         .         9-5 
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CL&80  III. 


BROUINK  ACID  SALTS. 


The  analogy  between  chloriue  and  bromine  in  »a  perfect, 
that  we  canuot  hare  the  Iea»t  doubt  tliat  botli  aro  capable  ol 
entering  into  Himilar  conibiiuitiuns.  But  from  the  short  tiau 
tbat  bromine  lias  been  known  it  is  evident  that  uany  of  in 
combinations  must  slill  be  unexamined.  Indeed  the  unlyialb 
of  bromine  with  wliich  we  are  at  present  actjuainted,  are  tbc 
hi/drobromaitt  or  hxmiffet. 


SECTIOK  I. or  TUK  1IKOMIUES  Oil  IIYOHOBROMATT.t. 

The^c  sidls  are  easily  recognised  by  the  property  wrhivh  i 
have  of  becoming  yellow  aixl  giving  out  bromine  when  fhtj 
are  acted  on  by  bodies  whidi  Iwve  a  strong  afHuity  for  hyd 
gen,  as  chloric  acid,  nitric  acid,  and  cspvetuUy  chlorine. 
the  bromides  art-  dccompowd  by  chlorioe  with  Che  disena 
meat  of  bromine. 

1.  SydrobromtUe  qf  ammonia,  Hydrobromio  acid  gas  and 
ammoniHcal  gas  unite  when  mixed  in  equal  volumes,  and  coi^ 
dense  into  a  salt.  It  is  solid  and  while ;  when  expoised  to  tikr 
action  of  tlie  air  it  becomes  slightly  ycUow,  and  acqutm  Iht 
properly  of  reddening  litmus  paper.  It  crystallizes  in  long 
prisma.  Heat  voktilizes  it.*  From  tbe  phenomena  of  it 
nation  it  is  obvious  tliat  it  is  a  compound  of 

*  Balard,  Aon.  de  Cliim.  et  da  Pbys.  xuii.  3M. 


nnoMiOM  OR  iiYi)RoiinoMATi:.<.  814 

1  kbini  bydroliroiiuc  ucid      .         .       10-135  **'■ 

I  Blon  snmanisi  .         .         .         U<  I*i5 


Bromittr  of  polaKniim,  DvMrlbt'tt  in  Vol.  1.  p.  409. 
5.  limmiiU:  (tfrnilium.  Ac|upous  hydrobromic  actJ  ilitsolvM 
•wtii,  uad  vrltuii  (he  solution  \s  concentrated  it  dp)io^t««  cry§- 
tak  containing  vnter  of  CTyMtallizution.  Iii  a  re<l  Itenl  tiiey 
lacll,  give  out  ttieir  wmt«r,  und  broinidv  of  MiliuiA  retnainis 
compottd  of 

Kl  ntom  bromine  ...       10 

.  1  utom  tKNlium  ...         8 

IS 
i.  lirotnide  q/'baritim.  This  salt  may  be  fonned  by  ugitnt- 
ing  the  ethereaJ  solntion  of  bromine  witk  hydrated  barytWi  or 
by  disMlviiiK  l":iryt(-n  in  )iy<iTobromic  aci<l.  It  'n  tery  solubl* 
in  valer,  nnd  tlie  crj'stuls  urr  opuijiio  tubervU-s  |^on)nil  toge- 
ther, and  quite  unliite  tlie  crystals  of  chloride  of  barium.  'Hie 
taste  is  Btmihir  to  tlwt  of  chloride  of  l>ariiuo,  but  harsher.  It  in 
•oluhle  in  alcohol.*  A  current  of  varboiiic  ncid  gas  puss4-d 
tlirouji;h  it  gives  it  a  yellow  colour.  ItscoiwtituenLi,  according 
_  lo  tlic  atialysu  of  I  Jinig,  urn 
f  I  utom  bromine  ...       10 

1  ntotn  luirinm  ...         8-5 

1  atom  water  .         .         .         I-I'i5 


19-625 
6.  Bromitk  qfttrontium.     Still  unknown. 
6.  Brvmi'le  (if  calcium.     It  may  be  obtained  by  pafesing  vt- 
poiir  of  bromine  over  red  hot  lime.     A  white  matter  having  a 
aharp  and  bill>.'r  Uvtti',  dvliijiKHkciiig  in  the  air,  and  soluble  in 
water,    with    the  evolution  of  beat.     The  aqueous  solution 
crystallines  with  didicully,  iind  the  crystals  contain  much  U'ater. 
'I'hc  anhydrous  bromide  is  couiposod,  according  to  I^wig,  of 
I  atom  bromine  ...       10 

1  atom  caJoiujn  .  .         '2'& 

*  Balwit  Aan.  de  Cliin.  d  de  Pby*.  ixxii.  3S6. 

-f  I  hsv«  not  sMfi  IJ>«Vi  pi4>er,  ahkfa  •wma  Id  liave  bcco  a  ThM^s, 
IHiUlshed  at  Hdddbcrg  in  IHSS,  biM  IsJie  (be  obMivMtona  of  Vim'tg  (nm 
L.  Omclin'i  [Inndbiich,  vol.  ii.  IST9,  &r. 


BltOMtN 


Ctanlll. 


7,  Bromide  qf  ma^etium.  Bromine  does  not  decompow 
ignited  magncMU,  but  the  decomposition  lakes  pLic«  if  tlw 
magDeiua  be  intimutcly  mixed  vritli  charcoul.*  Tbc  bronuib 
diw4(ilves  in  water  and  fotma  n  dpllquescent  salt,  which  iota 
not  cry!«tulliz«,  anil  which  b  decomposed,  leaviog^  wagotM 
wlicii  ox[>OM>d  to  igniliaiLf 

&  BrMnUle  a/  nluminum.  When  the  va[K>ur  of  bmniinc  it 
pnoMcd  aver  a  mixture  of  alumina  and  charcoal  at  a  rod  hrat 
bromide  «f  aluminum  is  formed.  It  diwwlvcs  in  wuter,  awl 
with  dillicnlty  yields  crystals,  wlii<!!)  have  a  very  lu^iringent 
taste,  rcdilcn  litmus  paper,  and  when  hrutcd  to  redness  under- 
go decompoMtion,  pure  alumina  remaining  behind. { 

9.  Bromide  of  Qlucinum.  Glucinum  bums  u-ben  heat«l  \a 
vapour  of  bromine.  The  bromide  of  glucinum  sublimes  is 
long  while  needles,  easily  soluble  in  water,  and  fu&ible  iriica 
heated.  Tlie  solution  in  water  is  acoompiLaicd  by  a  copioat 
vvolurion  of  heat. 

10.  Bromide  of  thorium.  The  solution  of  hydrated  thorim 
in  an  excess  of  aqueous  hydrobromic  acid  when  left  to  spun* 
tani>ou8  cviiponition  loaves  a  tough  gum,  which,  owing  to  tlie 
decomposition  of  the  superabundant  hydrobromic  acid  ■wiiBWl 
a  deep  yellow  colour.^ 

11.  Uromide  of  inm,     Deecribed  in  Vol.  I.  p.  492. 
Iron  dissolves  readily  in  hydrobromic  acid  witli  the  erolu- 

tion  of  hydrogen  gas.  'Hie  solution  {.■>  light  gn-en,  when  pro- 
perly concentrated  it  depositor  rliumbic  tiiblry,  which  acquire 
a  deep  colour,  and  undergo  jiartial  decompOMtiun  by  exporart 
to  the  air.  The  constituentii  of  this  salt,  according  to  Lu' 
are 

10 

6-75 


BftOl   , 


1  atom  bromine 
I  atom  iron 
8  atoms  ivater 


13.  Setgvibremide  of  iron. 
mide  of  iron  is  hoatod  witli 
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According  to  Ltiwig,  when  br^ 
bromine  it  unites  with  an  addi- 
tional half  atom  of  that  subatouce,  and  fomu  a  brownish  wi 
mass,  which  fuses  at  a  moderate  heal,  and  whcit  sublimed  has  a 
clodo  resemblance  to  nuisnic  gold,  while  a  portion  of  va|>ourof 
bromine  is  dimipatcd  and  bromide  of  Iron  remains.  This  Br»- 
quibromide  dissolves  tn  water,  and  forms  a  yellowish  broini 
.  •  l-iwlg.  f  BnlarJ.  Ann.  dc  Chiw.  «t  <k  Plij^  szsii.  SWt 


mtOMtCKS  on  IIVORUIIKOMATCS. 

li(]iiKl  wliicli  will  not  crystnllizo.  AMicn  tlio  solution  is  cra- 
porat«cl  («  <Iryiie88  purtial  dpcompo§itioii  takes  place. 

13.  Uromidt  qfrnanffanese.  \V*b«n  carbonate  of  manganese 
is  dissolved  in  hydrobrotnic  acid,  and  the  Kolulion  evaporated 
to  drjmeBs,  a  ligbt  red  powder  remains.  When  tlii«  powder 
is  heated  in  a  gliuw  tube  witJi  a  narrow  mouth  it  assumes  a 
light  rose  red  colour.  M'hrn  ignited  il  undergoes  fusion. 
When  exposed  to  tlie  air  it  is  decomposed  into  vapour  of  bro- 
mine and  protoxide  of  manganese.* 

I  14.  Bromide  of  zmc.  Aqueoiu  hydrobromic  acid  readily 
(li»s(ilves  zine  with  the  evolution  of  hydrogen  gns.  Mlien  the 
coluurlf^  solution  is  concentrated  it  deposites  small  crystals, 
which  melt  when  heated,  and  if  th«  heat  be  applied  in  a  glaas 
tube  witli  a  narrow  oriGce  bromide  of  zinc  sithtimcs  in  white 
needles,  which  nmy  be  melted  into  a  light  yellow  liquid.  They 
tpeedily  deliquesce  in  tlie  air.f 

16.  Bromide  of  lead.     Described  in  Vol.  I.  p.  564. 

16.  Bromide  of  tin.     Described  in  \'ol.  I.  p.  576. 
Tin  dissolves  in  concentrated  hydrobromic  aei<l  by  the  ns- 

iMWance  of  he^t  with  the  evolution  of  hydrogen  gas.     The 
ilalion  is  colourless  and  reddens  litmus  paper.     Vhen  cra- 
Ued  it  does  not  deposite  crystals,  but  becomes  frelatinuiis. 
tn  farther  heated  it  becomes  a  grayish  white  mass  with 
I  considerable  lustre,  fusing  when  heated  into  a  yellowish  oil.} 

17.  Bibromide  of  tin.     Described  in  VoL  I.  p.  577. 

18.  Bnmiide  of  copper.     Oxide  of  copper  dissolves  readily 
I  in  hydrobromic  acid.     The  dilute  solution  is  emerald  green, 

tlte  concentrated  solution  brown.  By  evaporation  it  yields 
right  rectangular  prisms,  which  melt  when  gently  heated,  and 
lose  their  water  of  crystallization.  The  dry  mass  dissolve! 
readily  in  water,  and  deliquesces  when  exposed  to  the  air. 
Tlic  constituents  of  the  cryslals,  according  to  the  analysb  of 
Lfiwig,  are 

I  atom  bromine       ...       10 
I  atom  copper  ...         4 

5  atoms  water  .         .         .         5-625 
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1 9.  Dibromidf  f^rt^per.  When  fine  copper  n-ire  is  heated 
to  rednew)  In  contact  wiili  bromine  \-apour,  a  combination  lakes 
pUce.     From  tliis  compound  water  dimolre«  out  bromide  of 


843 

SKt.  I. 


1 


L>wif[. 


tiud. 


t  Ibid. 


>tiL  oopper.  Hydn>l>roinic  ncitl  dussolriM  out  the  dibrooiidc,  witle 
metallic  copper  remain!)  behind.  Water  tltrows  down  tlw  dt 
bromide.  It  is  n  wUiie  powder,  whicli  when  fused  at  a  red 
beat  becomes  grey  tsh  brown.  It  is  uot  voiutilc  in  clusc  reneli, 
and  witli  difEculty  in  the  open  air." 

'20.  li/vmide  o/bismtUh.     I>fiscrib«<l  iD  Vol.  I.  p^  60a 

21.  Bromitift  ^mrrcurg.     Described  in  Vol  X.  p.  620, 

22.  iirmnide  t^tilver.     Di-wribwi  id  Vol.  I.  p.  633. 

23.  liromide  of  gold.     Described  in  Vol.  I.  p.  645. 
Bromide  of  gold  dl<Molves  readily  in  water.     Tlie  sololioD 

hat  B  dark  ciiinatnr  red  ct^Otir,  and  by  concentratiaii  it  ntay  be 
inndc  to  dopwibc  crystaU  having  ibe  «auM>  colour,  'flic  colour- 
ing power  of  these  crystak  i«  no  great,  that  onv  ]>art  girtii 
sensible  tinge  to  5000  part*  of  witter.  Kei^enta  net  upon  il 
in  the  same  way  as  on  a  solution  of  chloride  of  gold.f  It  ^a 
a  violet  colour  to  animnl  substances, 

24.  Bromide  of  platinum.     Described  in  Vol.  [.  p.  664. 

25.  Sesquibromide  o/aruaie.     Described  in  VoL  I.  p.  908. 

26.  Sfaqvibromidf  of  unlimontf.    Describwl  iu  \a\.  I.  p,32t. 

27.  lirotmdf  of  rhrumiutH.  Wlicn  cUrciin:it«  of  lead  is  sgi* 
tatrd  in  uqueotw  hydix^romic  acid,  und  after  fUtration  the  li> 
quid  is  boiled  for  some  time,  a  dark  green  solution  iioblaiiieil, 
which  does  not  yield  crystals.  When  ibe  nolutiuu  i«  imp a»- 
ated  to  dryness  and  tlte  residue  exposed  to  a  red  hml|  ■  yri* 
lowiNh  rod  powder  renuun«,  which,  according  to  Liiwig,  b  ■ 
Bcsqui  bromide  of  eliromiiun. 

28.  Terbrumide  (^  cMromiam.  Obtained  by  mixing  chiomM* 
of  poiasli  and  bromide  of  potassium  witJi  solpbnhc  acid  nd 
dUtilting.  The  matter  distilled  over  alwBjrs  «aa(aini  fi«> 
bromine,  Ita  colour  k  pretty  deep,  Wbon  diasolvcd  in  waltf 
it  uudcrgoes  decompusition.J 

SECTION  II. — or  BHOMO-HYDRARGY HATES. 

This  genus  of  salts,  as  well  as  the  otiu'r  kindred  genera,  i* 
Ktill  almost  un&iplored,  only  one  or  two  of  them  being  knovn. 
whicii  were  pointed  out  by  Lowig. 

1.  firoato-hjfdrargi/ratc  of  ammmia.  Ilydrobromaie  of 
ammonia  dissolTes  bromide  of  mercury.}  When  aqavous  bro- 
mide of  mercury  is  mixed  with  ammonia,  a  white  prodpiWs 
falls  which  Liiwig  lutt  shown  to  contain  mercury, 
and  ammonia. 

'  LimV.  f  l^mpsdius,  }  Uebig  and  Low%. 


HYDRtOOATCS   AND  toniRKfl. 

2.  Bibnmo-hydrarffyrate  (^ jxttatxium.  A  warm  concviitnUid  _ 
('Mflnion  of  1  atom  of  bromide  of  potassium  di»ioIv«H  more  than 
3  atoms  of  bromide  of  mercuiy.  It  becomes  slifF  and  opaque, 
and  wht^D  allowed  to  cool,  or  when  diluted  with  water,  it  re- 
tains onl^  2  atoms  in  solution.  When  this  aolutioii  is  ngaia 
concentrated,  it  depo^tes  yeltow  coloured  octaliedrons,  com* 
posed,  according  to  the  anaU>!>«  of  I^iiwig,  of 

2  aton).4  bromide  of  mcTx^ury       .         SS-S 
I  atom  bromide  of  potaSKium      .         15 

37-5 
When  thMe  crystals  are  heated,  they  in«lt  without  ^ring  off 
any  water,  and  the  bromide  of  mercury  stiblimes.     When  a 
greater  quantity  of  water  M  employed,  half  the  bromide  of 
merctir)-  precipiiatea," 
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The  inveHti^tion  of  tliix  eliuc*  of  laltH  haii  not  made  miicli 
pealer  pruf^rewt  than  tfiv  preceiling,  tliough  the  «ame  <iiffi- 
eultiei  do  not  oppoM  themselves  to  the  itudy  of  them,  lodina 
bciiift  now  prepared  in  lai^e  quantity,  and  at  a  suflicJently 
cheap  ruLe  lor  tlte  use  of  die  medical  practitioner. 

tiucTioM  I. — OP  iiYnntoPATBa  akb  tooioEa. 

The  san>e  uncerLuuty  respcctln;;  the  existence  of  hydrio- 
dates,  which  wa«  notici^l  witli  renpoct  to  hydroclil urates  and 
hydrobrointile^  »till  obM-nrus  litis  dtpartm«nt  of  chemistry. 
But  the  ftiuJfl^  is  no  complete,  that  wlmtever  conclauon  we 
cumc  to  rvflpectin^  one  of  these  classes  of  sidts,  will  apply  to 
th«fn  aU. 

1.  Hpdriodeite of  tannxmia.  This  silt  is  formed  when  equal 
volumes  of  hi/rfrtiM/ir  ariil  nnd  (tmiaoniafttt  y^  »n  mixad  t» 
^tlier.  'i~hc  fjisicHl  way  of  obtolninf^  it  it  to  disBolve  UqiiM 
ammmiia  in  hydriodie  acid,  it  crystallitM  in  cubes.  It  is 
very  soluble  in  water,  and  deliquesces  when  expowd  to  tlie  air. 
It  may  be  sublimed  in  close  vc«t«ls  without  decompoiition. 
Rui  In  the  open  air  It  ia  partially  decompo»ed  when  sublimed, 


■  Liiwif. 


*!»■  L 


i 


«™  "■■  and  il  Ijccoinea  coloured.  But  it  may  be  rendered  coloiiHn* 
again  by  cxpOKUPC  ta  llie  open  air,  or  by  lie  addition  i>(  ■ 
litde  ammonia.*     Its  couMitiioits  arc 

1  atom  bydnodic  ucid      .  15*675 

1  atom  aromonta  .  S-1S5 


16 

'J.  Jriditif  of  pnUisnium.     Described  in  vol.  i.  p,  403. 

Seriilliw  luLs  KUfrgt^stvd  tlie  following  plan,  ait  yieldioga  rcry 
pure  iodide  of  potassium.  Pour  upon  iodine,  previously  «a«lied, 
1  ^  times  its  wciglit  of  ulroliol  of  tin*  "pccific  gravity  0-89T. 
Tlirow  into  tliis  sohitioti,  by  small  portions  at  a  time,  tbeaUtf 
of  potassium  and  antimony,t  stimiig  tlie  liquid  well  after 
every  addition  witli  a  glass  rod.  \Micn  llie  U(]iii<I  lia«  braonK 
perfectly  colourless,  filter  and  evaporate  in  a  gentle  )i««L] 
The  salt  crystullixes  usually  in  ctibeH,  sometimes  in  ociab«- 
droim,  or  di^ercnt  modificauoiu  of  tlieM  fonns.  Tlie  taste  is 
a  strong  bitter,  wtiicb  continues  long  in  t)ie  tbroal.  In  a  ada 
atmosphere  it  deliquesces.  It  b  verj' soluble  iu  water, 
solubility  at  different  temperatures  is  as  follows : 

100  water  at  54°-5  dissolve  \mj  of  the  salt. 
61  141 II 

64  -5  140^ 

248  sap* 

At  54°-5  it  dissolves  in  5]  times  its  weiglit  of  alcohol  of  ' 
specific  gravity  O'SM,  and  in  39  or  40  times  it*  vrciglit  rf 
absolute  alcohol  at  tlie  temperature  of  56".  It  ia  much  awR 
soluble  ill  hot  alcohol,  and  crystallizes  in  needles  as  tlie  soln- 
tioii  cools.     The  constituents  of  this  salt  are 

1  atom  iodine  .  .  15'7S 

1  atom  potassium      .         .  5 
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3.  Iodide  {^  mdium.  This  salt  may  be  formed  in  the  laot 
way  as  the  preceding.  It  crystallizes  in  flat  rhomboids,  whicfc 
uniting  together  form  larger  crystals,  somewhat  Mmibir  to  tboie 
of  sulphate  of  soda.  It  contain^  mucli  wafer  of  crystalliiatian. 
and  notwithstanding  \i  very  deliquescent,  ff     Wttea  healed  it 


.« 


•  Oay-LuMac,  A«n.  de  Chioi.  xd.  p.  S3.  ^ 

t  Formed  by  lifating  tartar  emetic  Rrst  in  the  air,  and  then  expoiitv  dir 
rc«i<tuc  to  n  iiroog  heat  in  a  covered  cruciUe:. 
t  Ann.  dc  Cliim.  et  de  Phys.  xx.  164.  %  Banp. 

1  Oajr-Luwoc.  ••  Ibid. 
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mclu,  and  «A«r  losing  (ts  water  of  CT)-MtBllisuttion  miiy  bo  raurlc 
to  undergo  ihc  igneous  fusion  like  common  wilt,  lu  consti- 
Itients,  (nbslrncdit^  the  n-atcr,  which  lias  not  been  determined), 
are 

1  atom  iodine  .         .         15*75 

1  atom  HodiuDi  .        .  8 

16-7B 
4.  Iodide  of  barium.  It  ifl  easily  obtained  by  dissolving^ 
cnibomitc  of  burytes  in  hyilriodic  acid.  It  CTy»t«Ilijt«t!  in  fine 
prisma  aiinilar  in  a|)]ic»Riiice  to  ratirinto  of  Ktrontiaii.  It  is 
Tcry  soluble  in  wiitor,  atul  but  fci'bly  dvli<]nc)tccnt.  When 
long  exposed  to  the  air,  u  |>ortioii  <>f  the  hydriodic  unaA  i*  de- 
composed and  di<i^ipated.  cai'boimtc  of  barytes  U  formed,  nnd 
bydriodalc  of  barytes  coloured  by  iodine  may  be  dissolveil  by 
valor.  Ill  cloM  veiuelti  it  may  be  heated  to  rednesa  without 
iiDder^iiiv  :iiiy  nltomtion.  But  if  air  or  oxygen  gas  have 
necc««  to  it  wlitic  red  hot,  vapours  of  iodine  an:  exhaled,  and 
the  salt  becomes  alkaline.*  Its  constilucnts  are 
I  nioin  iwline  .         .         IS'75 

1  atom  barium         .         .  6'5 

1  atom  water  .         .  1*125 

25*375 
■Midide  of  ftrontiuM.     This  salt  is  verj-  Holuble  in  wrater. 
when  lii-«l«-<l  to  a  lempernture  rather  below  rediie««. 
fusion  produces  little  altcmtion  in  close  vessels;  but  In 
the  a|>en  iiir  x'apours  of  iodine  nn<  oxlialed,  and  the  salt  be- 
comes alkaline  f 

6.  Jodidt  ff  ca/eium.  Tins  salt  is  obtained  in  a  Mate  of 
purity  by  satumiing  hydrio<lic  acid  nHth  cwrboiiate  of  lime.  It 
is  very  soluble  in  u'ater  and  very  deliquescent.  It  may  be 
dried  in  the  air  H'ilhoiil  undergoing  decomposition. f 

7,  Iodide  t^  maffittsiiutt.  Tills  salt  is  deliquescent  and 
crystallizes  with  difficulty.  When  heated  to  redness,  out  of 
tlie  contact  of  :iir,  the  acid  flies  otTand  leaves  the  magnesia. $ 

8.  lodidt  f^  glaciunm.  Gbicinuni,  when  hrateil  in  vapour 
of  iodine,  takes  lire,  aiul  an  iodJ<]e  sublimt-tt  in  while  needles. 

LD.  Ivdith  of  iron,     I)eM.Tlb<>d  in  vol.  i.  p.  493. 
10.  lotiidt  (fiiirJuJ.     Described  in  vol  1.  p,  692. 
L 
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*  Ony-Luxinc,  Aon.  de  Cbiai.  xd.  6ft.  f  1^-  P-  ^f>- 

t  IbitL  i  Ihid.  |>.  G3. 

II.  .1  I 
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11.  lodule  of  cobatt.     This  salt  dbtolvcs  in  water  wi 
red  culutir, 

12.  Iiiiliik  of  zine.  Thia  sa\t  is  easily  obtnined  by  bealiiif 
iodine  with  an  pxcoas  of  itiiic  under  waior.  The  Utiuid  al  Ent 
acquires  a  deep  brovu  colour;  but  if  vre  continue  the  heat, 
more  zinc  b  dissolved,  und  Uk*  whole  becomes  at  last  u  colour- 
iem  as  water.  It  cannot  li«  crystallized  by  eva)^OT«tioa.  Bat 
if  it  b(!  evaporated  to  dryness  am)  fused,  it  cryaUiUizes  in  bean^ 
fut  [>riajns  similar  to  tbo«e  of  white  oxide  of  antimony.  V^in 
Ihas  heated,  it  is  anhydrous  iodide  of  line  When  healed  ia 
the  open  air  it  is  decomposed,  tlie  acid  is  driven  olT  under  ihr 
form  of  iodine,  an<t  oxide  of  xioc  remains.*  The  confttiluens 
of  tliis  salt  are  as  follows : 


I  atom  iodino 
I  atom  zinc 


15-75 
4-25 
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1-9.  lotiidf  (/  cadmium.     Deaerib«I  in  vol.  I.  p.  S58. 

14.  loiiidt.  nf  (tail.     Described  in  vol.  i.  p.  fi6A. 

15.  Iodide  <f  fin.     IVscribi'd  in  vol.  i.  p.  577. 

16.  Iodide  <f  copjxr.     Uescribml  in  vol.  i.  p.  A94. 

17.  Iodide  qf  bismuth.     Described  in  vol,  t.  p.  60d.  I 

18.  Iodides  of  mercury.     DwcriU'd  in  voL  i.  p.  621. 

19.  Iodide  (if  tHrer.     De«cribif<i  in  vol.  i.  p.  633. 
SO.  Iodide  ^  gold.     Described  in  vol.  i.  p.  64& 
21.  lottide  of  arxeine.     Deserilw*!  in  vol.  1.  p.  308. 
2^2.  lodiiU  nf  antimont/.     See  vol.  i.  p.  3*24. 
33,  Iodides  of  mol^tdrniim.     See  vol.  i.  p.  U&9, 

SBCnON  II OF  lODO-BTANNATES. 

From  the  experiments  of  Roullay  il  appears  that  iodide  rf 
dn  diMolvca  in  aqueous  solutions  of  bydriodatu  of  amtne 
iodides  of  potas-iium,  »odium,  barium,  and  strontium,  f 


SECTION  III. — OP  IODO-ri.L*MBATes. 

Boullay  lias  ul.to  obtM.'rv«l  that  iodide  of  lead  dissolve*  in 
the  aqueous  solution  of  iodide  of  |><>ta««ium,  and  llie  wlatton. 
when  concentrated,  crystallizes  in  needles. 


■  Qxy-lAiitac,  Ann.  d«  Oiim.  xci.  p.  AA. 
t  Ano.  de  Cbim.  et  d«  Phjfc  Xiliv.  378. 


Fl.UOIirDE«,  UVDRO-FLltATES,  OR  PLUATE:*. 
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SECTION  IT. — ftp  lODn-IIYnnARCYItATES. 

A  few  of  these  salts  liiive  been  exninliu'sl  liy  Boiinilorf.  The 
Mlowing  uro  the  results  which  he  obtaitied. 

1.  lodo-h^rimrfftfrate  qf  ftotatiitim.  This  salt  may  be  ob- 
tained by  siitiimtiiig  a  cold  solution  of  iodide  of  iMtassium  witk 
iotlidr  of  mercury,  iind  abiindoiiin^  tlip  solution  to  spontnneotis 
eraporatioD.  It  ciystallhces  ia  needles,  which  deliquesce  in  a 
mobt  atmosphere.* 

2.  lodo-hydrargtfrate  nftoiliitm.  It  may  he  obtained  in  tlic 
Mtme  way  a*  thi-  prccediri^r  suit.  It  cry:<Uillizc»  in  rhomboidul 
pmms,  hu«  ii  stifTrott  yellow  colour,  and  speedily  dcliqkiescea 
when  cxpOBcd  to  the  air.f 

3.  lodo-htidrarijurntf  nf  iron.  This  «5itt  may  be  prcjMired 
like  the  preceding,  but  must  not  be  exposed  to  the  uir,  because 
it  is  decomposed  wlien  evaporated  in  cnnlaet  with  the  attno- 

.  ||riien>     It  cryslal1ize<)  in  fine  yellow  prbins,  which  gradually 
.tflOOnta  coveri-d  with  a  brown  rust.} 

4.  Ioih>-hifilrargf/rale  t/  ziac.  It  crystallizes  in  six-tiidcd 
prisms,  terminated  by  acute  pyramids.  It  deliquesces  even  in 
a  dry  atmosphere.  J 


CLASS  V. 

fLUOBINi:  ACID  SALTS. 

As  fluorine  has  not  hitJierto  been  obtained  in  a  separate 
state,  it  is  «till  to  he  regarded  as  »  hypothrticid  substance.  I 
have  stated  in  the  Ar^l  volume  of  this  work  (p.  B8.)  the  rea- 
sons which  have  induced  chemists  to  admit  its  existence.  And 
in  vol.  ii.  p.  107,  I  have  given  an  account  of  the  different  add* 
into  whicir tliU  principle  enters  as  a  constituent ;  our  object  in 
(Ills  place  is  to  describe  the  different  genera  of  «ilM  which 
these  aci<ls  form  with  the  various  salifiublc  boM*. 


secrtoN  I. — or  rn;oitii>i:«,  iivnao-fi-UATES,  or  rLfATEfi. 
The  properties  of  the  acid  called  fuvric  or  hifdro-Jlvoric  H 


*  Am.  lie  Chun,  ei  de  Phj*.  xlW.  p.  se>.     f  tbU. 

I  Prom  ihc  opinion  Ihu  it  i(  a  compound  of 

1  Btom  fluorine  t'Ht 

I  Uoin  h7dro|cn  .  'Hi 


I  Ibid.    $  Itnd. 
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ciMiv.  (,ci<i  liave  b«cii  dctailwl  m  vol.  i.  p.  87.  The  salu  whicli  U 
forms  were  first  exsmlriixl  hy  Ony-Luasac  and  Tlietwrd,"  tuii) 
moT*'.  hitcly  l>y  Ben[cliii«.+  llipy  have  received  riiffcteel 
nunK-^,  uecordiii^  t<>  (lie  opinion  enierluincd  respecting  the 
nature  of  the  Rcid  wUIcI>  they  contain.  'I'liosc  who  cooditt  ft 
ax  a  compound  of  a  comhuHtible  ha<ic  and  oxyi;en,  cull  (brar 
rnXtn  ^flvafft ;  (how  tluit  consider  the  acid  as  &  compoutMl  «f 
fluorine  nnd  hydrogen  call  them  kgdro-fluattt .-  wliil«  tliMe  who 
are  of  »j>iiiii>n  that  fluorint  is  analogous  to  oxygen,  and  thii 
when  hydrofluoric  ncid  comes  in  conliict  wltli  a  base  a  doaUt 
decomposition  uke«  place,  (fluorine  uniting  with  cbe  Imm 
while  tlie  oxygen  and  bydrof^en  form  water),  give  them  tkc 
appellation  of  fiaoritka.  This  last  opinion  Li  )>y  far  tliv  nurt 
plutiMble:  though  it  wonid  be  too  much  to  affinn  that  U  hm 
b«en  coniplelcly  demonstnited. 

Sp.  1.  Hf/dro-Jiuate  t^amtatmia.  This  salt  may  be  obtained 
by  the  following  process,  for  which  wc  are  indebted  to  Drrae 
lius.  Mix  in  a  platinum  erucihie  I  part  of  sn\  atnmonijic  and 
3^  parts  of  fitioride  of  Hodiuin,  l>oth  quite  dry  and  in  powder. 
Cover  tlio  crucible  with  an  inverted  lid  filled  with  cold  mML 
Apply  a  gentle  \\«M.  The  hydro-fluule  uf  ammonia  suhlinM 
and  attaches  itself  to  the  lid  of  the  cructhle  in  tlie  Mate  «f 
emull  prisms.  It  is  not  altered  hy  exposure  to  the  air.  Il  'n 
abundantly  soluble  in  water,  slightly  in  alcohol.  Wlten  heated 
it  melts  before  it  begins  to  sublime.  It  corrodes  glass  rv«eli 
even  when  dry.  J 

9,  Bihi/t)n>-fitiate  ofammtmia.  It  may  bo  obtained  in  gn- 
nular  cryitalx  hy  itatnrattn^  hydro-fliiurie  netd  with  ammonli 
and  evaporating  ni  the  t^'mpvr»lure  of  100".  Half  then*- 
monia  escapes,  and  the  btnlt  remains  in  greuiular  crystak 
When  heated  it  may  be  volatilized  in  tliick  white  viqiounk  1( 
preripilates  the  Koliilions  of  all  the  alkaline  eartlts,  and  caitb 
proper,  in  addsi,  because  fluoric  acid  forms  insoluble  ooh^oukIi 
witii  all  the  ettrtli«.{ 

S.  Fluoriik  o^  fjo/aMiitm.  It  may  be  obtained  bysatumtiog 
bicarbonate  of  pota'^h  with  hydro<fluoric  acid,  nnd  after  evapor- 
ating to  dryne«»i,  expoKing  tlit^  residue  lo  »  red  heat  Tliisalt 
has  a  very  sliar]>  taste,  cry^tallixos  mth  difficulty,  in  cubes  nr 
recljingnlitr  prisms,  is  very  dcliqiicttci-nt.  nnd  of  course  vtPf 
soluble  in  water.     When  heated  it  undergoes  lirst  the 

•  Recherche*  Phy«ieo-Cliiinii)ue«,  !l.  t. 

t  Konji.  Vet.  Acad.  Ilnmll.  It^VS,  p.  >$4.        1  Bemlina,  ibid.  ] 

$  Gaj'-Liiuitc  and  Thtnnrd,  Itcchercbet  Fhj^co^blmiqaiM,  U.  j 
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Hid  th«R  th«  ign«ous  fusion.     Sulphuric  ncid  decompotes  it,     >hi-  )•     1 
drivin^j^  ofF  Huoric  acid  in  vapour." 

.1.  liijtiioritie  of  potassium.  It  niay  lie  obtained  by  Aa- 
itolviitg  potauli  ii)  »u  exceiis  of  fluoric  arid,  and  cuiiL-oiilmtiii^ 
the  solution.  My  spontaneous  ei'aporutian  it  crystallizirt  in 
r«ctnii^ular  tables  ivilh  bevelled  edges,  or  in  oube;^  It  in  very 
swiiiblv  in  w:it4'r,  Wlien  lieatcd  it  inelu,  i^vva  off  tt«  excess 
of  acid,  luid  itgnin  becomes  solid.  From  ikc  cspcrimenls  of 
Bentclius  its  cuntttituents  appear  to  be 


2  ntomi«  lluoriiiv  .         .         4*& 

1  uioin  potiLstiiim         .         .         6 

2  atoms  water  .         .         2*'^ 

1  l*76t 

5.  Ftuoridt  <if  rodimn.  Tbis  salt  may  be  prepared  most 
economically  by  mixing  100  parts  of  dry  fluo-ftitirate  of  soda 
and  112  parts  of  aiiLydroits  carbonate  of  ^da  witii  m  otucli 
water  ta  will  reduce  tiic  wboli;  to  a  tliin  pup,  and  boiling  till 
all  efTcrvcscviice  ift  over.  Wben  tlie  whole  lias  concrolcd  to 
a  solid  mom,  let  it  be  pounded  and  boiled  in  water,  to  dissolve 
mit  l])e  fluoride  of  sodium.  By  evaporation  tlie  salt  is  obtained 
ia  cubes  aiid  regular  octaliedrons.  'I'be  crj'sLiU  are  trajispareut 
and  bave  sometimes  a  pearly  lustre.  'I'be  salt  is  le^  fusible 
thnu  glass.  Water  dissolves  it  very  kIowIv.  At  til"  lOO 
partjt  of  wutcr  dissolve  only  4  parts  of  tltis  salt.  It  is  iitsolublo 
■   in  •Icohol-t 

6.  B\fimride  qf  todtuiH,  It  crystallises  in  tran«parent 
riioinboids,  has  o  sliaip  and  acid  taste,  aud  in  si>aringly  soluble 
in  water.     Its  constituents  nre 

2  atomit  fluorine  .         ,         4*5 

1  atom  sodium  .         .         3 

2  atoms  water  .         .         2-25 

9-7  3  § 

7.  Fluoriiie  of  lithium,  'lliiii  salt  dtKwIves  wilb  difficulty 
in  water,  reseroblijig  ■»  lliat  respect  carlioiiate  of  litbia.  The 
solution  U  converted  by  ev.tpnralion  into  a  white  mealy  looking 
mass,  compuKvd  of  ojkkjuc  )|;tanutcs, 

•  G«r-l-uwar  and  Thennril,  Rcrhcrrhu,  Plij«ico.chi(Biijue»,  ii.  p.  )8. 
t  Kong.  Vet.  .Acad.  Handl.  Ifis.1,  |>.  Vfft.        |  Bcnditu,  ilrid.  p.  IDA. 
S  nHd.  p.  VtH, 
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Tlitf  bifiuoride  <^  lithium  U  a  crystallizable  suit,  but  little 
itultiMe  in  water.' 

8.  I-tuoride  of  barium.  It  is  rawt  easily  Airmetl  by  digest- 
ing tiew-ly  precipitated  carbonate  of  baryteii  in  »ii  vxoc»  <i 
fluoric  acid.  A  wMlo  powder  remaim,  wbicb  coiutilniM  die 
Bitlt.  Ii  in  tasteless,  and  only  very  slightly  luilublc  in  wntrr, 
even  ulit-n  acidulated  wiili  fluoric  acid.  Hut  it  disKiltn 
nbiiiKltuitly  in  muriatic  acid,  and  aminoiiia  precipitates  fnm 
the  solution  a  double  salt,  composed  of 

I  atom  fluoride  of  barium         .         .  10-75 

1  ato  Dicliloride  of  barium  13 


tm^ 


0.  I'lHoritir  iif  tfniDlium.     May  l>e  prepared  in  the 
way  m  the  preceding  wilt,  which  it  cli>sely  retiemblra. 

10.  Fluoride.  (^  calcium.  1'his  Is  tlic  well  knoirn  mtnciaL 
d»linguiidie<I  by  the  name  oi  fttutr  qtar.  When  pure  it  if 
tranwjHirciic  and  colourless,  and  erj-stallizeil  in  cubes  and  octa- 
hedrons, or  modi fitwt ions  of  these  forms.  It  is  tasteless  and 
insoluble  in  water,  and  has  a  specific  gravity  of  3*15. 

When  heated  it  decrepitates  and  phosphoresces  strongljF 
in  the  dark.  It  emits  this  light  even  under  water,  or  in  ibt 
vacuum  of  an  air-^uinp.  When  kept  hot  for  some  liine,  il 
ceases  to  sliine,  and  the  phosphorescent  property  cannot  be 
again  restored  to  it  by  any  process  knowu,  except  hy  decDoi- 
posing  it  altogether  by  meiin^  of  sulphuric  acid,  and  fortuiu^  it 
anew.  Scheele  ascertained  lliat  iiew-fonned  fluate  of  liiM  il 
equally  pbospliorescent  witli  native.  'I'be  cause  of  ibis  curiMH 
property  is  not  welt  uiiilerstootl.  After  being  heated,  the  tall, 
though  it  refuses  to  phuK|ihDresce  any  wore,  \\an  not  h»t  any 
perceptible  weight,  nor  is  it  altered  in  any  of  it4  oUier  qualitiM> 
When  strongly  heated,  thU  siilt  melii*  into  a  tron«i>arent  glt» 
According  to  Sau»sure,  this  takes  place  at  (be  temperature  of 
6!'  ■\\*c<lgcwooii.t 

Sulphuric  acid  incorporated  with  fluor  spar  tn  fine  powder, 
converts  it  into  a  tran^pnrcnt  syrupy  mus^,  which  may  be  draKii 
into  threads ;  but  no  fluoric  acid  Ls  ex{>elk'd  till  the  mixture  il 
heated  U>  about  100°.  Dut  if  the  spar  contains  the  slightctt 
admixture  of  silica,  it  in_»t.intly  eflervesces  when  nixed  willi 
sulphuric  acid.     'J'hv  coiutitueuti  of  this  salt  art 


•  Bcntulii.*,  Kong.  Vet.  Aflul.  ILiiidl.  tSS3.  p.  SOT. 
j  Ibid.  p.  ifOa.  t  Jour,  dc  rbji.  xlv.  16. 
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1  ntoin  fluorine        .        .        2^ 
J  atom  cAlciuin         ,         .         2*5 
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111.  Fluoride  of  magitesium.  Carbonan-  of  inagntMu  <li»- 
■  •olros  with  effervescence  in  fluoric  Mcid.  The  fluoride  is  u  Uute- 
1ms  white  powder,  involubk'  in  water,  und  HCiircely  Kotublc  in 
Bcitls.  When  (liiatudt  isfornM-d  hy  pouring  oxide  of  polanium 
into  sulphate  of  mii<riirKtm  it  pri>cipitut«s  nt  firat  in  » fr«>Utinous 
form,  aiid  is  tiien  soluble  in  acids ;  but  as  soon  as  it  dries  it 

t  becomes  insoluble  in  tiiese  bo<lies.* 
12.  Nuoride qf aluminum.  Very  soluble  in  water.  Asolu> 
Uoo  of  il^  when  coiiceiitrutedi  foi'in»  a  clear  uncrystalliicabl« 
Hvrup,  whicbt  by  evaporation,  Ivam  the  salt  iu  a  state  rcsero* 
bling  gum  arable.  In  this  Alate  it  \n  tastelesS)  and  upjtcurs  at 
first  insoluble  in  water;  but  in  about  an  hour  it  is  completely 
dissolved,  and  it  di««olve9  still  more  rapidly  in  hot  water. 
^Vhell  ignited,  a  siibsdi  is  Icf^.f 

l."},  Fluuridf  ttf  i/luciuum.  Obtained  by  misiiignolutioiisof 
flnonde  of  potassium  and  uiunate  of  glucinu.  A  jelly  precipi- 
tates, which  disaolre<t  in  hot  water,  and  precipitates  in  unaU 
crystals  as  the  Ii<|utd  cooU.^ 

14.  Fluoridt  t^iftirimn.  Nearly  insoluble  in  water,  liowerer, 
before  ignition,  it  lias  an  astringvnl  taste,  and  rcddeits  moist- 

,  rned  litmus  paper.} 

1 5.  Fluoride  and  aeaqvi-Jluoride  (tf  cerium  correspond  in  most 
of  their  characters  with  fluoride  of  yltriitm.  Both  occur  native. 
Tlio  sesqui-fluoridc  of  cerium  lias  a  yellow  colour. 

16.  Fluoride  of  zirconium.  Very  soluble  in  water.  Whun 
the  solution  is  evaporated  it  deposites  crysiaU,  which,  when 
washed  widi  water,  are  convened  into  a  sub»alt.|| 

17.  Fluoride  uf  thorium.     A  while  heavy  jiowdcr,  insoluble 

Iiu  water,  ati<l  not  decomposed  by  cxjioiturc  (o  a  red  lieaL 
16.  Fluoride  qfiron.  It  may  be  obtained  by  dissolving  the 
metal  in  hydro-fluoric  acid  by  a  gentle  heat.  The  uUtgnulu- 
ally  separate;  in  email  crystals,  which  nppour  to  be  reclarigular 
four-«ided  tables.  It  is  at  tint  while,  hut  acqu!r«>«  a  yellow 
ahade  by  exposure  to  the  air.  Water  disaolrea  it  opariiigly. 
When  ignited,  it  loses  water  and  a  portion  of  acid,  becotnei 
red,  and  su^^tains  no  further  decompoitiiion.^ 
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*  Oar-Louac  kikI  Thcnoii);  Itcchc<chu  Phfiico-cbliiuquet,  'A.  M. 
t  Ibid.  p.  8T.  t  Itiid.  p.  S7.  f  Benrliui ;  nbi  tupra,  p.  Vil. 
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cumv.         10.   Staqui-Jiuoridt.  fif  irnn.     It  may  b«  obtained  in  theiteU- 

of  a  flesli  coloured  jiowdor,  by  dissolving  die  tiyilntU-il  pcroxidv 

of  iron  in  fluoric  iu:iil,  und  cmporatiiig.  Taste  sweet  aoA  m- 
tring«nt.  WaUT  diiwoiv«»  it  «lowly,  b«t  completely.  TV 
solution  is  colourU-*^,  c-v<-n»fl<Tu<liiiiiguuitnoiiia,  wbicli,  wliM 
mtxvd  ill  excess,  throns  down  a  Bubeall.* 

20.  Fluoride  qf  matiffanaie,  A  white  crystalline  {xnrder, 
permuncnt  in  a  red  heat,  and  soluble  in  water  when  asainai 
by  an  cxces»  of  iKid.-j- 

t  SI.  S4i»qui-Jliioritie  of  mtrngtrntne.  The  bydnted  natira 
oxide  of  miuiganeiK^  dissolves  in  fluoric  acid  with  an  inteiiM 
red  colour,  and  by  spontaneous  evaporation  the  U()tiid  depootc* 
tnuispareiit  prii^matic  crystals  of  a  ruby  red  or  bntwu  coIoia 
aocording  to  the  xixe.  It  dissolvr«  in  n  minimum  of  vatM 
without  decomgioKition  ;  but  when  the  solution  i«  healed  « 
diluted,  a  Kubsalt  prceiintatrs.} 

S'i.  Flnvridt.  11/ nithvi.  Formni  by  dHSolnng  curbonat*  if 
nickel  in  fluoric  add.  A  light  grrun  coloured  powder,  sp>N 
togly  soluble  in  water,  and  decomposed,  a  subsnil  being  ]xt- 
eipitated,  when  mixed  with  an  excess  of  waier.§ 
•  S3,  ffuoridt  ofcobaU.  Similar  to  the  prea:diiig  sole,  exnpt 
tluit  it»  colour  i.t  rate  red.|{ 

94.  I-liiiiridr  nf'ztHc  forms  funal]  while  opaque  crystBls,  dif- 
ficultly Koluble  in  wiiter,  but  ubuiiduiitly  soluble  in  ammonia.^ 

'iH.  f'/uoridr.  tif  cadmium.  Wlien  tlw  solution  of  this  nil 
is  evaporated,  it  in  obtained  in  a  white  cru.it,  \phich  shows  M 
symptoms  of  regular  crystal lixati on. *  *  ^H 

26.  Fluoride  (^  Wad.     Fluoric  add  luti  no  sensible  act^^^ 
on  lead.   But  when  the  acid  is  dropped  into  a  itplulion  of  acelair 
of  lead,  fluoride  of  lead  precipitates  in  brilluitit  plates.     liacU 
feebly  a.4  an  ueid  on  paper  Mained  with  litmus.     ]  t  is  insol 
in  water,  hut  vor)'  soluble  in  nitric,  muriatic,  and  fluoric 
It  melts  when  heated  to  redness,  and  becomcit  yellow, 
apurittMiof  itsaeid.    Sulphuric  aeiil  decomposes  ii,dtsen; 
t'ajiours  of  fluoric  aclthff 

'J7.  Fluoride  of  tin.  It  in  Koluble  in  wnlor,  and  crv«ialtitM 
in  while  shilling  ojKiqiic  prisms.  It  is  rajiidly  peroxidixrd  In 
exposure  lo  the  air-iJ 


llacU 

osoluta^y 

icai^l 


t  Ibid. 

1  nmt. 


■  Berxeliu*  ;  utn  cuprs,  p.  304.        t  Ibid.  p.  303. 

$  Ibid.  p.  30a.  )  Ibid. 

••  Ibid. 

ft  na}'.I.u»tac  and  Tlicnnid  j  Itccliertbo)  Pbydo<HdiiiniqaM,  SI  3f 
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28.  Stibfluorilk  of  vuitfirr.  It  niiiy  bo  formiKl  by  treating 
tlicsubliyilrateofvcipper  witli  Ruoricscid.  It  instantly  becomes 
r«I.  un<l  dwft  not  cIm»o1vc  in  ud  excess  of  the  acid,  M'licii 
ignited,  it  asHoinvs  u  dnrk  diinsl>ar  colour.  When  exposed  in 
a  moistcnvd  suttv  to  tUr  air,  it  gmdiialty  abaortn  oxygen,  and 
becomes  green.* 

29,  I'ltioride  <jf  copper.  Fluoric  add  readily  diNsoIves  tlie 
oxide  of  copper,  provided  rliere  be  an  txet**  of  aci<l.  When 
tbe  liquid  b  evaporated,  sinall  blue  •colon  n.-d  crystals  are  <lcpa- 
sitoL  Sulpliate  of  copper  U  not  prvcipilatixl  by  fluoride  of 
pobi«tium,  unle.N!*  it  convtilutc!  a  coiicvut rated  Asotiiticin.f 

yO,  J'luaridr  of  mercury/.  Wbt-n  red  oxide  of  mercury  va 
flno  powd'T  i<  di{^u«tcd  in  fluoric  acid,  it  is  diangett  into  a  ligbt 
orange  yt'Iluw  powder,  wtiicli  forni'«  u  coiourlvM  solution  iD 
water,  and  m'<ital!izes  in  tliirk  yellow  prisms.  Water  decom- 
poses tliese  crystals,  and  forms  a  subsEilt  similar  in  appearance 
to  turpetli  mineral.  The  neutral  sialt  MibUines  in  a  red  beat, 
and  fonna  yellow  coloured  crystals.  In  a  gla.<u)  retort  it  is  in- 
ittanlly  decomposed. 1 

Bericelius  coidd  not  succeed  in  obtaining  u  ttub-fluoridc  of 
mercury,  analogous  to  calomel. 

31.  I'tuoride  qf  fiivcr.  Fluoric  acid  ri>adily  dissolves  the 
oxide  of  silver.  The  fluoride  liiis  a  strong  invtidlic  lastt-, 
very  soluble  in  water,  and  doe*  not  crj'xIalliJte.  It  is  very 
volntile.  When  heuted  it  tnelts,  loses  its  excess  of  acid,  but 
alill  eontinueii  soluble  in  water.  It  bluckens  tlie  lingers.  It 
iw  ]>reci[>iuted  by  miirlalic  ueid.  All  the  bases  precipitate  tlie 
Buoric  iicid  from  it  except  ammonia.  This  salt  caimot  he 
formed  by  tlic  direct  action  of  fluoric  add  on  silver.  Hut  it  ia 
formed  when  fluondi!  of  mercury  i*  maile  to  act  upon  silver. 
Fluor idv  of  potassium  does  not  occasion  a  precipitate  ia  nitrate 
of  kiiver.} 

.TJ.  Fltfritte  of  piolinnm.  Thin  mit  may  be  obtained  by 
mixing  fluoride  of  potassium  with  a  sulutionof  chloride  of  pla- 
tinum, evaporating  tho  mixture  to  drjness,  and  treating  the 
resitbie  with  alcohol,  which  dissolves  fluoride  of  platinum,  leav- 
ing chloride  of  ])olBS!iium  utitouclicd.  The  alcoholic  solution 
when  mixed  with  u-ater,  and  left  to  spontaneous  evaporation, 
U  gradiinlly  converted  into  a  yellow  coloured  uncryslallixable 
nuisi..     It  forms  a  double  salt  witli  fluoride  of  ]wtBssium.|l 


SkL).       1 


*  Bcnelia*,  Rcchcrcho*  l'b)sici>-i:hii>i)<|uii,  ii.  <p.  300. 
f  U«y<LiusK  ana  TlieiianJ,  ii.  |i.  33.         |  Itiid.  p.  309. 
I  Bcrifliti-,  (ihi  tujim.  |>.  310. 


#  IbliL  p.  33. 
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Omv.  33,  Fluoride  qf  antimony  is  very  soluble  io  water,  and  may 
be  obt^acd  in  colourless  crystals,  by  spontaneous  evaporation. 
It  has  a  taste  similar  to  tliat  of  tartar  emetic* 

34.  Fluoride  of  chromium.  A  green  crystalliae  mass,  eanlf 
soluble  in  water.f 

35.  Bifluoride  qf  chromium  has  a  pale  rose  red  coloor-t 

36.  Bifluoride  ^uranium.  A  white  pulverulent  salt,  readily 
soluble  in  water,  with  a  yellow  colour. 

SECTION  II. — OF  FLUO'BOBATES. 

For  the  examination  of  almost  every  one  of  the  fiuo-borata 
hitherto  described,  we  are  indebted  to  the  industry  of  Ber- 
stelius. 

I.  Fluo-borate  of  ammonia,  Fluo-boric  acid  and  ammoaii 
unite  in  three  proportions ;  the  first  salt  is  a  compound  of  1 
volume  fiuo>boric  acid  gas,  and  1  volume  ammoniacal  gK 
Hence  its  constituents  by  weight  are 

2  atoms  fluo-boric  acid         .         .  6-5 

1  atom  ammonia  .         .  2*125 


10-625 

The  second  salt  is  a  compound  of  1  volume  fluo-boric  acid  + 
Q  volumes  ammoniacal  gas.     Hence  its  constituents  are 
1  atom  fluo-boric  acid  .         .  4-25 

1  atom  ammonia  .         .  2-125 

6-375 

The  third  salt  is  a  compound  of  1  volume  fiuo-boric  add  -J- 
3  volumes  ammoniacal  gas.     Hence  its  constituents  are 
1    atom  fiuo-boric  acid      .         .  4-25 

1^  atom  ammonia  .         .  3-1675 


7-4375§ 

AVhen  boracic  acid  is  introduced  into  a  neutral  soludon  of 
Lydro-Suate  of  ammonia,  it  is  dissolved,  while  at  the  same  tiint 
ammonia  is  disengaged.  If  just  the  requisite  quantity  of  acid 
is  employed,  a  neutral  fluo-borate  of  ammonia  is  formed.  The 
dry  salt  may  be  sublimed  without  undergoing  decomposidon- 
Its  taste  resembles  that  of  sal  ammoniac,  and  it  reddens  litmat 
paper.     It  is  very  soluble  both  in  water  and  alcohol. [| 

*  Berzelius,  ubi  supra,  p.  306.  t  Ibid.  i  Ibid. 

5  John  Davy,  Phil.  Trana.  ISIS,  p.  368. 

I)  Borielius,  Kong.  Vet.  Acad.  HapdL  188*,  p.  75. 
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5.  Fltm-Utrate  (^  pottuli.  Wheti  fluoride  of  poUusium  u 
mixed  with  borate  of  polaili,  tliis  suit  fa]l»  m  a  gelutiiious  pre- 
dpilatp.  Wlien  tlried  it  foniDt  a  wliitc  mvuly  powder.  Its 
taste  is  slightly  tiiitf  r,  and  it  duos  nut  redden  litmus  paper, 
II  is  Aiitiydrous.  100  [Mirts  of  rotd  water  dtssolve  1*43  of  tlib 
salt  Hut  boiling  wuter  dissolves  it  muelt  more  ahiinthuitly. 
It  is  slig^Iitly  soluhk-  in  boiling nleoliul.  Vlien  heated  il  ^usc1^ 
niid  gives  off  fliio-horie  gas,  but  requires  a  high  ajid  long  con- 
tinued heut  to  decompose  it.  It  dissolves  iu  hoiling-hot  solu- 
tions of  the  alkalies  and  their  cHrhonates,  and  a«  tho  »^lution 
eools,  it  crystollUes  again  unaltered.* 

0.  Muo-boraU  ofmt/fi.  Il  eryitallizeii  in  large  traiispnrctit 
fourHtided  rectangular  prisms.  It  Itas  a  hillcrtiih  and  wciikly 
acid  taste,  and  strongly  reddens  litmus  [liijxT.  It  k  judiydrous, 
pretty  Huluhle  in  water,  and  spuringly  soliihle  in  aleoliul.-|- 

4.  Hao-iiomte  t^lithia.  It  is  obtained  by  precipitating  fluo- 
boTDto  of  baryles  with  sulphate  of  hlhia.  U  is  very  soluble  in 
water,  tastes  like  the  preceding  salt,  and  cryslatlizcs  in  hu-g« 
prisins.     In  a  moUt  atmosphere  it  deliquesces.]: 

6.  Fluo-boraUofbarytfg.  It  may  be  fonm-d  by  adding  cjir- 
bonate  of  barytes  in  small  quaulicies  iit  a  timi;  to  l!uir-bi>rie  ncid, 
till  it  ceases  to  he  dt^solved.  By  spoutDiieous  cva]>oratioti  the 
salt  cryt^talli/eK  in  four-sided  rectangular  priKnis.  It  acts  Man 
acid  on  vegetable  blues  hut  has  the  nsual  taste  of  barytes  salts. 
At  the  temperature  of  104°  it  efBoresres.  Alcohol  decomposes 
it.  The  cryi>l»U  contain  10-3-1  per  cent,  of  water.  Ileucc  the 
cuiMtituenIs  are  prulmbly 

I    atom  fluo-boric  add    ■         ■  4-26 

I    atom  buryles  .         .  t)'50 

1^  atom  wafer  .         i  1-0875 

1543755 

6.  Ftuo-imroteoflimt.  A  gelalUioiismiw*  whichhas  anacid 
taste,  and  reddens  lilinus  ]uiper.|| 

7.  htuo-borair  of  maijntata.  Very  soluble  in  water,  and 
forms  hirge  prismatic  cryslala.     Its  tasle  is  bitter.*! 

(J.  l7iioJiorate  ctf'alnmhia.  It  is  only  soluble  in  water  when 
there  is  an  excess  of  aeid  present.  By  slow  evaporation  it 
may  be  obtauicd  in  cryntala.*  * 

•  Bwsell>i\  Konp.  Vcl.  Acsd.  llanJl.  Ib-24,  |>.  7?.         t  Ibitl-  p.  74^ 
t  BM.      S  ll'i'l  1>  T6.       g  IhiJ.  )<.  77.      \  Ibul.       "  IbuJ. 


t      Sta.lt.     1 
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9.  Flm-horale  ^tfOria.  Similar  to  tlie  preceding  sail  in  ks 
charudcra.* 

10.  Fltto-borcOe  cf  zinc.  It  may  be  obUiiiicd  by  dnaolvuf 
sine  filings  in  fliio-)M>ric  acid.  It  docs  not  cr^-stalUzo,  and  • 
detiqurscont.f 

1 1.  Fluo^rfUt  <if  had,  Cr)-»taliizc«  in  four^^ided  taUot 
wmilar  to  t\w  form  of  duo-borate  of  baryt«s.  Ita  taste  biatfiift 
Hn-ect  and  iL«tnngonl,  but  it  fioaUy  leuvcs  nn  impreseioii  af 
uciility.  Botli  water  aiid  alcohol  decoiii|>o3e  it,  at  lost 
partiaily-t 

12.  Fluo^xtratt  ofntpper.  It  i&  very  soluble  in  water,  vA 
wlien  evapoist«<L,  yicMii  line  bluu  needle  form  cTyatalx,  wliu^ 
are  very  deli(|ue9cent.J 


US)     •KUUM    J 


SECTION  III. — or  FLUO-SJLJCATES. 
Tlicsc  salt*,  which  liavc  bitlterto  been  examined  byBme- 
liu«  only,  seem  nnnlogous  to  tli«  k)'iM)>«ulp)tates,  sulpbcHTUialMi 
sul]>bo-iiiii>lithulutc«,  &c. 

I.  Fiiiv^iUcttU  (^  ammonia.  Tliis  salt  is  •.■asily  formod  li)' 
<li«tilliiig  a  mixture  of  fluo-silicate  of  potash  and  sal  ammoRBC 
It  sublimes  in  un  uacrynlalline  mass.  But  if  it  be  dissolved  In 
water  and  left  to  spoDtaiicous  evuponition,  it  furmii  large  \nat 
parent  crj-stals.  Its  primary  form  is  the  rhomboid,  but  it  \m 
R  strong  tcitdcney  to  slioot  into  six-sided  prisms.  Jt  is  reijr 
soluble  in  water.  When  heated  it  decrepitates  slightly,  aai 
su1)times  unaltered. 

Oay-Lussac  and  0r.  John  Dmy  hare  shown  tliat  whenooc 
volume  of  fluoitilicic  acid  and  t2  rolumes  of  ammouiacid  gas  sk 
mixinl  tlie  guMS  condense  iuto  this  salt.  Hence  it  is  a  com- 
pound  of 

1  atom  iluoailicic  add       .         .         6-5 
I  atom  ammonia  .         .         i£-|25 


8-ti23 


S.  Fltm-ailifate  ofjiotasfi.  If  into  fluo-silicic  acid  itiwolveJ  ip 
water  a  qunntily  of  potash,  or  the  carbonate,  sulphntP,  nitralr, 
or  muriate  of  that  alkali,  be  dropped,  a  gelnliiiuus  prcci[>talB 
immediately  appears,  wbicb,  when  dried,  becomes  white  like 
chalk,  and  separates  into  small  loose  grains  like  the  sand  of  an 
liour-glass.  'I'liii^  powder  is  n  oombinution  of  Quo-silicic  nciil 
and  potash.     Ib<  nature  was  first  aswrtaiiied  by  Scheele. 

•  Berieliiu,  Koiig.VVt.  Aca.1.  Ilnndl.  ISM,  n.  77. 
t  Ibid. 
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_        It  baa  an  acid  tosto,  nnd  a  tiuluble  in  about  l&O  porU  of    *^"'- 
B  boiling  u-nt«r,  but  is  agnin  partly  deixmited  wr  the  solution 
H  couR     Whci)  9tron}^)y  hcaU>d  it  m«lts  into  a  transparent  glaia 
V  and  losvH  its  acid.* 

It  b  ratlier  more  soluble  in  boiling  than  in  cold  water,  and 
if  a  .'(atunUed  foludon  lie  evaporiitt-d  the  snl(  mny  bo  obtained 
in  «miill  cryntala,  wbieh  are  iioniutiinos  rliombt  utid  sometimes 
MX-Hidod  pri«nR.     The  rryitftls  arc  nnliydrons.-j- 

■  3.  Fiia>-filicntf  oftnda.  Tbis  salt  po!ise<isea  similar  oliarao 
lers  »-itS  the  proecding,  It  is,  howecer,  heavier,  nnd  forms 
targcr  granules.  It  bus  a  g;elalinous  a|>]iearanee  while  moisl^ 
but  be^iomes  a  mealy  powder  when  dried.  It  i*  pretty  solublu 
ill  water,  and  otioots  into  cryHtnl^  which  iteeai  to  b«  ri^^idar  six- 
sided  priMno.  'IlinMS  cryNtalH  are  niiliydrtm>i.  When  heated 
I  it  behaves  in  tliu  snmc  way  as  the  profcdiiit;  salt. J: 
4.  J-ltio-silicatt  of  initio.  It  is  almost  insoluble  in  water. 
Tlie  <»«)lubility  is  augmented  by  an  excess  of  acid,  and  it  may 
be  oI>(atiii-d  by  this  means  in  small  transparent  six-sided  prisms, 
ol)vtuii«Iy  derived  tVom  a  rhomboid.  ^Vhen  bentod  it  melti, 
nnd  obstinately  retains  its  aeid.$ 

5.  Flua-niliratt  tifharf/tf».  It  Is  best  obtained  by  mixbijr  n 
Bolntion  of  ehloridc  of  barium  with  (he  liquid  add.  After  ti 
few  minuti-s  it  preitipitiites  in  niinnt«  crystaLs,  aiul  (he  liquid 
contains  diHongnged  muriatic  acid.  Nearly  the  whole  barytes 
may  bo  proeipitated  by  thiK  mt-aii«,  and  the  precipitation  is  not 
prevented  by  an  ext-ess  of  murintie  acid,  'i'he  crystals  of  this 
•all  are  pritiroit  with  very  lung  acnminations,  'I'he  cryxtalii  nre 
snhydrouK.  When  heated  the  *alt  is  deeompoSMi,  and  fluoride 
of  barium  rcmniris.|l 
K  6,  ttuo-titicate  (^  strtmtian.  lliis  salt  h  pretty  soluble  la 
I  water,  and  may  be  obtained  in  large  Rlij^htly  oblique  four-«ided 
prisms;.  They  contain  water  of  cryntnllixalion,  and  become 
enamel  white  wben  heated.  Water  decomjiosot  It,  at  ieiHt 
partially. 

7.  Fluo-ailieaU  t^Hmf.     It  may  be  obtninc<l  by  dige«tin{|^  n 

mixture  of  pulveri2ed  fluor  spnr  and  silica  in  muriatic  acid. 

^    But  the  ea«ieHt  process  is  to  add  cnrbomtte  of  lime  to  the  liquid 

■  kcld  M>  long  as  it  continues  to  dissolve.     It  is  insoluble  in  watery 

^  iinlen  when  atisiitted  by  an  excess  of  acid,  and  it  cryttidlues  aa 

the  oxce«s  evaporates.      The  crystals  nrc  oblique  four-sided 

•  8chc«le,  CkII'h  Annoli,  L  lU.     Bng.  Trans. 
Bcnwliu*,  KoD«.  Vet.  Acad.  Ilaotll-  ie!3.p.  SM.         t  ^'^-  P-  ^3^- 
.  3.19.  a  Ibid.  II.  Ml.  1  Ibid.  p.  3*2. 
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•  V-  prismfl.  Wlt«»  digested  in  wut«r  tlic  salt  is  partially  dceom- 
po»C4l»  fluoriclc  of  calcium  and  silica  being  prcctpitatmt,  wlule 
fluo-»ilicic  aciJ  remains  dtsaolved  in  the  water.* 

e.  Fltx^sUiciilK  of  magnesia.  A  transparent  yellowish  gum- 
my looking  muss  easily  soluble  in  water.f 

9.  FlitO'sUicate  of  alHmiwi,    A  clear  colourless  jellyi  wlutK 
wben  dried  spIitH  into  fniginents  and  appeant  yolluwisb,  but 
still  retains  its  transpurvncy.     It  diMolvea  slowly,  but  d^H 
pletcly  in  water-t  ^^ 

10.  fltiit-xHirateofglticiiutvAreaAily  soluble  in  water,  and  ll 
converted  by  t.*vit{>(>ration  into  a  coluurk-ss  ttyrtip,  wliicii  KuUjr 
becomes  whiti^  and  opaque.  Its  ta&to  U  astringent  witLodl 
Bny  mixture  of  »weetneS5.§ 

11.  I-yuo-*i/icate  qf  ffHria.  It  is  insoluble  in  water,  btit  So- 
solves  in  an  excess  of  acid.  {[ 

1*2.  J-yuo-m/icate  tif  zircouia  dissulres  very  ejutily  in  «aUt< 
and  may  be  obbiined  in  wliite  crystals  having  u  pi>arly  luiitm 
The  solution  becomes  oiuiquc  wbeu  boiled,  but  most  of  tiienll 
remains  dissolveJ.fl 

If).  J-'iito-si/ic<il«  of  iron.  \V1ien  u  solution  of  this  sail  pre- 
pcired  by  dissolving  iron  Blings  in  the  liquid  ncid,  is  allowed  to 
evaporate  in  an  iron  basin,  it  crysbiUizcs  in  green  coloon^ 
six-sided  priHms,  but  it  is  difficult  to  obtain  regular  crystak" 

14.  fJiu>^Hrated  peroxide  qfirtm.  A  seaiitransparenl  p^ 
flesh  coloured,  gummy  mass.  It  dissolves  in  water,  andlbf 
solution  i*  »ligUtIy  colouredtf 

15.  fliHf-itHtctile  of  niangaiKse.  N'ery  soluble  in  water.  It 
cryst«lli/<-s  in  long  small  regular  six-stded  prisms.  Pritnanr 
form  a  rtiomboi<L  Crystals  very  sliglitly  amethyst  red.  il; 
ignition  it  is  converted  into  fluoride  of  manganese  witboul 
losing  its  crystalline  fornLj^ 

16.  Flw>-»ilicatt  of  nickel.  7   'lliesc  salvt  ditvolvc  rvadtly  it 

17.  Flm>-*ilirale  of  cobalt,  J  water.  Tlieir  crystals  are  tLi 
same  as  tboseof  fluo-fJIieatesof  iron  and  manganese.  Hie  nil 
of  nickel  is  green,  while  tlrnt  of  cobalt  is  red.§§ 

18.  I-'luo-gilicale  if  zinc.    It  may  be  obtaiiteil  by  diMolTii^ 
zinc  in  the  acid  liquor.     It  is  exceedingly  soluble  in  water. 
It  cryslalii/es  in  three-sided  cquinnjrulnt  prisms,     The 
tab  arc  not  altered  by  exposure  to  the  air.jl  j| 

•  neneliiit,  Koag.  Vet.  Acad.  Ilondl.  XMi,  p.  34 

t  II^')-  i  tbiJ.  II  IbiiL 

••lbid.p.3M,    ttlbid.  tMWd.p.343. 

)|||  Ihid.p.  3M. 
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10.  Fiiio-tilicaie  of  cttdmium.     ft  is  very  aoiiible  in  water,    •"nit 
wid  crystallizes  in  long  colourlciis  prisms  whicli  contiiiii  wuter 
of  CTysta)Uii)ti«>i.  • 

20.  Uttit-tUicate  of  lead.  A  tmi«parciU  pimmy  like  mass, 
soluble  ill  wnter,  and  liavin^  tlin  twe«t  taMc  of  suits  ai  ]<>ii<l.f 

21.  FlMo-ailieatf  of  li'n.  It  id  V(*ry  «oluliic  in  water,  and 
crysbillizps  in  long  [iri!tm!(.  But  it  is  partially  oxiilizc-d  uiid 
ilccomposod  during  evjipomtion,  and  the  oxide  thus  formed 
precipitates  in  tbe  state  of  a  silicate.! 

S2.  FffKhgiiictUe  q/"  fuhoxidt  of  co/iper.  It  luu  a  red  coloui 
and  cI<«oly  rew-mbles  subfluoride  of  t-oppi-r.  Iii  u  high  tom- 
prnlnro  it  melts  and  Ionoh  its  tluo-oilicic  iieid.} 

33.  Utto-ailictUt  of  tnercHrg  h  soluble  only  in  an  excc^Mt  of 
Mcid|  Mid  crystalli/eH  liy  evaporation  in  smidi  nn-dlrs  having  a 
very  B%hl  tinge  of  yi-l]ow.  When  put  inl"  water  it  is  pnrtly 
converted  into  a  yellow  )ii«i>liible  Mulwnlt.  When  ignited  fluo- 
Hilicic  acid  csca])e«,  mid  the  fluoride  of  mercury  under|{»e:<  de- 
rom|>OKiii«n  in  tlic  way  formerly  explained.  The  yellow  »lll^- 
Kilt  n  blaekenetl  by  ammonia,  but  is  again  rendered  lighter  by 
the  addition  of  water.  I| 

24.  Flno^Hiratnl  .tu&oxiiU  *f  mtrenry  may  be  prepared  by 
digeiiing  newly  prcpare<l  «iiboxide  wlule  still  moist  in  the 
liquid  acid.  It  is  eonvorted  Into  a  p*d«  straw  yellow  powder. 
The  Mlution  of  the  salt  has  a  weak  metallic  tasle,  and  b  copi- 
flualy  prrripitaled  by  muriatic  acid-H 

2.1.  fJuo-xilkaU  of  silrer.  Il  is  a  very  deliquescent  salt, 
which  may  be  obtained  in  granular  crystals  from  a  solution 
concentrated  to  the  consistence  of  a  syrup.  A  MuaH  i|ttanlity 
of  ammonia  (brows  down  from  tlie  »oluti»it  a  light  yellow  nub- 
suit,  which  when  added  in  excess  it  redissolves,  simI  leaves 
ailioite  of  silver.* ' 

26.  Fluo-gilicou  ofpialiwm.  A  yellowish  brown  salt,  rery 
soluble  in  water.  When  erapomtcd  to  a  tough  syrnp  and  then 
digested  in  water,  it  leaves  a  brown  coloured  subult  undts- 
solved.!! 

27.  FtHO-tiliratf  f^fanlmonft.  It  dissolves  readily  in  water 
containing  an  excess  of  ncid.  Dy  slow  evaporation  it  crys- 
tallizes in  prisms,  which  when  dried  fall  rapidly  to  powdcr-jj 

28.  fl»o-sHicate  ^chromium.    A  green  coloured  uocry«tal- 

•  Ber*diu».  Kong.  Vet  Ac«L  IInn<Il.  IMi  p.  Me.         t  tWJ.  p.  SfcS. 
t  Ibid.  p.  34fl.  $  IbiiL  p.  3U.  I|  Ibid.  347.  1  Itnd.  p.  340. 

••  Ibid  p.  347.       tt  "»*'■  tt  "^''-  P-  ***■ 
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Omv.    lixablc  trAnsparciit  masa,  which  dcliquesciM  when  ex: 
the  air.* 


SECTION  IV. — OP  FI.U0-MOI.TBDATRR. 

An  accownt  of  fluo-molj'bdic  ncid  has  l>coii  {fiv**!!  in  p. 
thU  volume.     In  tho  same  plnc<'  thv  reader  will  find  a  d< 
tlnn  And  iinalyslii  of  fluo-malybdate  of  potash,  thp  only  one  M 
ihe  Kalts  of  tliis  genus  hitherto  examin^  by  cliemists, 

SKCTION  v.— PLUO-TUNOSTATES. 

Tho  TCtider  will  find  an  ttrcount  of  8uo-tungsticacid,aiidof 
fluo-ttinf^stutfi  of  iimmoniiH  iind  fluo-tungtiljite  of  potash,  ibr 
onlv  salts  bploti^ng  to  tliis  chuut  hitlierto  inresttgrnted,  b  p 
1202  of  tills  volume. 

SECTION  VI. — OT  ri-CO-CIinoMATES. 
An  account  of  fliio-chromic  iicid  will  be  foitiKl  in  p.  S04  of 
this  roluin«.     No  ultempt  lius  h!lh«rto  been  made  to  oombinr 
it  n-itli  bas«s.     Hence  this  genus  of  snltK,  supposing  it  to 
is  »tilL  unknown. 


1 
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fKCTION  VII, — OF  FLUO-COLt;U DATES. 

An  account  of  lluo^olumbic  ncid  will  bufoun<)itipa^S03if 
this  volume.  Tor  the  only  salts  of  this  genus  hitluTto  invMii- 
gated,  we  arc  inilobted  to  Uerzeliua.     They  arc  tlicfuUowbf : 

1.  Fiuo-coiumftale  of  aumtmia.  This  salt  rcsembin  ibt 
fluo>colinnbate  of  potash,  but  it  in  mtich  more  soluble  in  waUr. 
When  redtasolved  in  water  it  is  deenti))H)M-d,  a  while  powdn 
being  precipilnled.  When  sublimed  in  a  platiauin  vmhIi 
hyilro-flunte  of  nmmonia  sublimvv  containing  columbtc  oak 
I'luo-eohitiibic  iiciil  remains,  which  is  not  altered  by  hmLf 

2,  FitKhnilumlioIr  (if  jmta^h.  It  mny  be  ol>tain«l  when 
fluo-columbic  acid  is  saturated  with  potash  till  a  pi«ci|NiaU 
begins  to  fall.  The  Utjuid  should  be  hot,  otJierwisc  the  wM* 
if  apt  to  become  solid.  On  cooling  the  ftalt  in  deposited  io 
Kules,  They  dissolve  with  ditficutlj',  but  coni|>lcu-ly,  in  wWt. 
Hot  water  diwoivea  tlie  salt  more  eo&ily;  but  boiling  wiMr 
decomposes  it,  and  occMions  tlio  precipitation  of  a  while 
powder. 

Fluo-columbic  acid  and  potash  seem  capable  of  uniting  In 
various  proportions;  in  two  of  which  the  acid  heart  the  pro-] 

•  ficncliiis,  Kong.  Vet.  Acnd.  Handl.  Ifii3.  p.  3M. 
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portion  of  Ij  and  2.  Tho  «lt  jii«t  doscribecl  contains  the  »«.*iii. 
smalWt  proportion  of  noid.  'When  fluoric  ftdd  in  tiddcd  to  the 
Rolution  of  thiit  wilt,  it  ito]>arut4^  «ne-tliinl  of  the  potash  to 
compose  an  acid  fliioridv  of  potasniom.  We  alu-ttys  obtain  tlie 
neir  Mit  resulting  From  this  opcmtiun,  when  oolutnbic  acid  ta 
futvA  with  polnsli,  and  the  muss,  after  hfinfi;  dissolved  in  boil- 
ing u-atcr,  is  «:ttuinted  with  fluoric  ncid  in  excess.  It  u  ttoltible 
with  dilBculty  in  water,  and  cryslallizofl  in  small  needier, 
Thrar  «!(«  nrc  anhydrous,  and  niay  be  fused  and  exposed  to  & 
white  hrat  ?n  a  plalinum  erueilile  without  losing  tlieir  acid. 
Even  when  mixed  with  hisulphntir  i)f  potaili,  and  exposed  to  a 
white  heal,  nothui^  is  ^ivon  dlT  bnt  sulphuric  acid.  * 

3.  Fttio-coluH4lHite  'if'  toda.  This  nil  '»  very  soluble  in 
water.  It  has  only  twcn  obtained  in  tlie  form  of  an  irregular 
aaltnc  Riatis.t 

4.  Fho-rvlttiiihtite  fif  time.  ?     .^  i  ... 
r     n.        I     I  .     e              •      (      ^  he&e  salu  are  soluble 

5.  FhtixolUtHbtilr  of  tMiijninui.    > 

in  water.    W'heii  evnpomtvd  they  lose  a  portion  of  fluoric  acid 
and  depoute  a  compound  little  solnhle  in  water.} 

6.  flHo-fvlumbate  t^iead.  This  salt  b  very  little  soluble  in 
water.  § 

SECTION  VIII. — or  rLUU-TITAKIATCS. 

All  account  of  fluo-litunc  ncid  Itns  been  given  in  page  207 
of  diis  volume.  For  the  few  salts  of  tliis  genus  hitherto  exa- 
mined we  are  indebted  to  Berxelius. 

1.  h'iuo-tilntiiatr  <f  ammonia.  'VWn  salt  has  a  close  resem- 
likncc  to  fluo-litaniate  of  potash ;  but  it  is  more  soluble  in 
water.  When  distilled  it  undergoes  verj-  remarkable  changes. 
When  heated  in  u  platinum  vessel  at  a  temperature  1>e)ow 
rvdnegs,  hydro-fluate  of  ammonia  sublimes;  but  it  doe«  not 
melt.  At  a  red  heat  it  fuses  and  sublimes  without  alteration, 
In  flocks,  without  assxmiing  any  crystalline  shn)>e.  ThU  lub- 
liniiite  is  soluble  in  water,  lu  laste  is  acid  aiul  astringunL 
The  ftolution  of  it  is  capable  of  dissolving  a  great  deal  of  alkali 
before  any  precipitation  takes  place.  \\'\ict\  enough  <if  potaah 
is  iidilnl  to  occasion  a  precipitate,  tlie  itraell  of  animoni]i  bc- 
romea  intense.  || 

2.  Ituo-titaniate  of  potaah.  Described  in  p.  207  of  this 
volume. 

•  Bcricliai,  Kong.  Vet   Acad.  Hindi.  \6i\,  \<.  ;W3.        f  )>>■•'■  P-  ^^ 
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oi»tu  3,  tluo-littmiatc  ((f  soda.  This  salt  la  muclt  more  soluble 
In  water  than  tlie  preceding.  It  has  been  obtained  only  b  i 
mlino  mxA.  without  regular  crystals.* 

4.  Flno-titaniaie  «/  limt.  It  IS  oaly  solulile  in  water  wlw 
there  is  an  excess  of  acid.  By  evaporation  it  yield:)  priitmlic 
erystals.  When  these  aie  dissoked  in  water  an  irudoUt 
white  powder  remains.f 

5.  FJuo-titamate  of  magtusia.  This  salt  is  very  soiaUe  is 
water.  Its  taste  is  bitter.  Uy  spontaneouN  fvupontioo  it 
yields  acicular  crystals,  which  are  do  longer  completely  Mlahk 
in  water. 

6.  f'luo-titanififfd  peroTwif  of  iron.  Itfomitiu  yellow  liqntl* 
which,  by  spontaiteoai  evapomllon,  amumes  tlic  form  of  a  yel- 
low limpid  «yT»p.  When  evaporated  by  tiie  application  of  ■ 
gt'iitlf  hiiit,  it  yields  a  cry«|]|]line  mass,  which  is  deoompM^ 
when  re<li*«ilved  in  water.J 

7.  Ftuo-ttlam'ate  of  had.  It  is  very  ^nhible  in  water.  By 
evn|)oratio»  it  is  obiuiiiH  in  fimnll  colourless  crystals,  the  tHl( 
of  which  is  at  fir»t  »weet;  but  tiiey  leave  an  irapressiun  of  tot 
tcrm^  in  the  mouth.  'I1icy  may  be  dissolved  in  water 
out  untlcrf^uinfr  Jeconiposition.  § 

ft  J'ltto-tilnnialr  of  rvpi>rr.  This  kuU  is  Terj-  soluhlf 
water.  By  sponbincouft  evii)>on(t!(in,  it  yields  ucicular  crj-ifiil* 
of  a  pale  bluish  green  colour,  having  the  same  form  as  ikt 
fluD-titaniale  of  magnesia.  The  Milt  is  partly  decompowd  vba 
dissolved  in  n'aU-r.Il 
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CTANOGCK  ACID  SALTS. 


'Hiis  class  of  salts  will  ultimiitely  contain  a  ^ent  number 
genera,  and  in  numbrr  may  not  unlikely  vie  with  the  oKj'gca 
add  salts  themselves.  It  promises  nUo  to  throw  light  ujim 
the  nature  of  organic  compounds,  respecting  which  at  pre<M<it 
chemists  are  not  able  to  form  very  drfinite  notions.  For 
cyanogen  is  not  only  itself  derived  from  the  animal  kingdomi 
but  it  is  liable  to  undei^  changes  quite  onnlo^us  to  thMCt 
which  puzzle  us  so  much  at  pre&cnt,  when  wc  attempt  to 


*  Beneliu*,  Kong.  V«t.  Acad.  Hanill.  1894,  p.  Ma      f  Ibid,  p- 
t  Ibid.  p.  «i;.  %  Ibid.  p.  S61.  I  Itml.  p- 1^ 
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tiiri  (K'fiiiittf  views  re«p«cliiig  the  organic  kingdoms  of  nature.      ^"<-'- 
In  tlic  present  slate  of  our  knowledge  only  a  rery  imperfect 
iketdi  of  tliia  cium  of  ullx  can  be  presented  to  the  ehemical 
reader. 

SECTION  I. OF  CTANODIDBfi  AKD  HYDBO-CYANATE*. 

We  lukve  tlic  most  satioJactory  evidence  tliat  cyanoj^o  i* 
cnpable,  like  cblorinp,  bromine,  ioiliuc,  ami  Runriiic,  of  com- 
bining witli  tbe  diiTercnt  ftolifiuhle  bases,  and  of  forming  witli 
them  compounds  which  in  generul  ])c«>e«i  die  proportiea  of  salts. 
I.  lTtfilr>>^t/anate  of  ammonia.  Tlii*  tailt  may  be  olitainrd 
by  iiiixiiifi;  bydro-cyaiiie  acid  with  liquid  ammonia.  By  spon- 
taneous evaporation  it  tiiay  be  obtained  in  cubes  or  rectangular 
lour-side<l  prisms;  but  it  ti^imtly  sliootN  into  featiier-shaped 
crystals.  Very  volatile,  boilinj^  at  tlie  ttmjteratHre  of  97". 
At  the  temperature  of  Tf^  the  elasticity  of  its  vnpour  iK  xuch 
tliat  it  suppoito  a  column  of  mercury  1'77  ineli  in  length.*  Itx 
HncU  and  taste  !«  a  kind  of  combination  of  the  emcll  and  lAsCe 
of  hydrocyanic  ai-id  luid  ammonia.  Accordinjj  to  Hcr/t-liiis, 
the  crystals  of  ilits  niJt  are  aiihytlrous.  'Ilio  upplicfilioii  uf 
heat  rery  spee<lily  destroys  tliis  salt.  It»  vapour  burii.-(  witli 
flame,  and  carlwmace  of  ammonia  is  formed.  'Hie  xalt  id  easily 
soluble  in  water  uiul  hIcoIioI.     Its  cMiitituentx  are 

I  atom  hydro-cyanic  ncid        .         .         SrZ'ld 
I  atom  ammiinia  .         .         ,         3-125 

5-5 
12.  Cj/fiModide  of  po/aasimn.  Potassium  absorbs  very  little 
cyanogen  unless  it  be  heated,  when  an  atomic  proportion  of 
poturiam  absorbs  an  atomic  ]>ropoTtion  of  cyant^n.  When 
potBasium  U  heated  in  hydro-cyanic  acid  the  same  al>soq>tioii 
lakes  place,  wliile  the  hydrogen  gas  is  set  at  liberty.  Bat  tlie 
easiest  methoil  of  obtaining  evanodide  of  potasaiiim  is  to  ex- 
pose common  prussialo  of  |Kita.sh  to  a  strong  heat  in  a  covered 
platinum  crucible  and  (lien  to  di»ft)ve  it  in  water,  lilU'r  the 
solution,  and  evaporalt*.  'I'be  cyanodide  of  potassium  is  ob- 
tained in  the  .itale  of  a  line  white  salt.  By  this  prore^  the 
iron  in  the  salt  is  di^'iirivod  of  its  cyant^cn  and  rendered  inso- 
luble. 'I'bat  the  white  Kilt  thus  obtained  is  a  cyanodide  of 
potaMiiiun  is  obvious  from  ihb :  If  you  dissolve  it  lo  water  aiid 
put  n  plate  of  copper  into  llie  Ii4)uid,  potassium  is  disengaged. 

*  Gay-LusMC. 
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oimri.  'I'liis  nit  is  very  white ;  its  taste  b  bitter  onA  nWaMttt.  It  w 
BtiA  to  smell  of  liydto^yauic  acid ;  but  I  have  obtained  il  tUrtf* 
tute  of  smell  klt^^ther.  It  dlfsolves  readily  in  water  nd 
alcohol.  The  dry  ailt  contains  no  water  of  cr>'BtaUia[atioii,  but 
is  »  oompound  of 

I  atom  oyani^n         .         .  3^fi 

I  atom  potassium        ■         .  5 

8-fla 

3.  CyaHodide  qf  soHttim.  This  suit  may  be  formed  by  lii^ 
•olving  soda  in  b(|iiid  hydro-cyanic  acid,  or  by  diroorapMiBgi 
M4ution  of  liydro-cyaitatv  of  lime  by  nictins  of  carbonMt  of 
aoda.  IJy  evaporating  the  filtered  solution  the  cyanodiile  rf 
sodium  in  obtained  in  tlie  state  of  a  white  salt.  It  reMBbk* 
tlie  ])tw.'eding  salt  very  closely  in  its  properties;  hut  W  ■• 
been  hitherto  •subjected  to  a  rigid  analysis.  DoubtlcM  it  nigltf 
be  pre{vaTvd  in  ilic  snme  way  aa  the  cyaiiodide  of  potaaium. 

4.  C'lfanoditU  of  barium.  When  hy<)ro-cyanio  acid  u  Mri 
to  linryteH  water  till  the  liquid  eewex  la  precipitate  DUiriateof 
mngiieMu,  tlii>!«ttt  U  fonne«l.  It  is  exeeeilingly  easily  decMB- 
poacd.  When  boiled,  carbonate  of  ammonia  iit  dtsen^rafifed,  mJ 
Cfirbonate  of  boryles  taUa  down.  When  alwhol  is  mixed  villi 
tliu  li<]uid  in  sufficient  quantity,  tlie  cyanudidc  of  barium  Uii 
down  in  silky  transparent  needles.  When  dissolved  in  waur, 
if  we  eviq^oratc  the  solution,  the  salt  is  deeomposed,  lercarbom 
of  a/.«te'  iuid  carbonate  of  Wrj'U's  hciiijj  formed. 

5.  O/nww/iV/r  o/"c«/riw«i.  Tliis  salt,  as  Wiihler  bns  sho»Tfc 
may  be  ubtaineil  by  posslnpf  Uie  vapour  disengaged  wlieu  unw 
of  mercury  is  heated,  tlirough  lime  water.  It  doe«  not  er/f- 
lalliKe.  When  hydrate  of  lime  is  dissolved  in  aii  aqutm 
solution  of  hydro-cyanic  acid  the  same  suit  U  formed.  Wbcfl 
the  liquid  is  heated  tlic  »alt  is  decomposed  into  carbonate  of 
ammonia  ami  carbonate  of  lime. 

a.  CyitiuMliilr  nf  itMiffHuium.  Uydrated  maf^esia  dt&sohrM 
readily  in  liquid  liydrt^cyanie  ncid.  Heat  decumpoaea  the  nil 
in  tlie  same  vay  as  the  pn-eedin);.  1  rnn  not  aware  tlial  any 
attempt  Itas  been  made  to  obtain  anhydrous  cyanudide  of  iiH|^ 
iieHium. 

7.  Cj/avodide  t(f  alumimnH.  Scheele  lias  shonii  that  hydn* 
cyanic  acid  is  not  ca|)Abli«  of  dissolving   hydmU'd   alimuna. 


*  I  ^ve  thU  noins  to  the  dark  brown  sutuuaee  ileicribcd 
ttll.oflhMwork. 
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However,  it  nppcan  IVoin  tho  experiments  of  Ittiier,  tliat  liy-     »*(■>■ 
dro-cyatiic  acid  and  alumiiia  may  be  combined  bv  double  decom- 
poaition. 

B.  Cffonodide  tj^trm.  Tbii  «alt  was  obtained  by  Beneliua 
by  heatin)^  prus«ialc  of  ammuniu  in  close  vessels  till  all  the 
bydro-cyunalt'  of  iinimoniii  was  disengaged.  It  is  a  graylaJi 
yellow  matter,  wliicb  moy  be  preserved  u ml ecom posed.  Whea 
exposed  to  a  itronger  beat  it  becomes  brovii,  ^ving  out  azode 
gaa.  ^^'hen  sliU  farUier  heated  it  becomes  blitclt  biearbiirct 
of  iron.  At  a  red  heat  it  tjikes  fire  and  burns  liko  (inder, 
leaviog  peroxide  of  iixHi.  wliich  weighs  just  as  much  as  ilie  bi- 
carbiiret.* 

It  is  believed  at  present,  that  t]ierc  exists  also  a  ses([ui> 
eyanodido  of  iron  analogous  to  peroxide  and  perchlorule  ofiron, 
bat  it  has  not  yet  been  obtained  except  in  comliinaliou. 

9.  Cyanodide  of  man^atitst.  It  is  precipitated  when  n  solu- 
tton  of  cyanodide  of  poti.'ciuum  ih  mixed  witli  a  protosalt  of 
tnajigauese.  'I'be  xtruuger  ncid-t  decomptwc  it.  Water  does 
not  dissolve  it,  but  it  in  soluble  in  the  alkaline  prusalate*. 

10.  Cynnmlidt  nf  nkkel.  Hydro-cyanic  actil  precipiiatva 
aretale  of  niekel  comjiK'tely,  and  emlphate  and  nitrate  of  nickel 
parliuUy.  Tlie  piecipitatv  ii  liglit  apple  green,  bm  when 
drirxl  it  becomes  leek  grei'ii.  When  healed  it  gives  out  walc-r, 
Slid  a  light  brown  matter  remuiii«,  which  vt.  a  cyanodide  of 
nickel.  When  strongly  hi'ale<l  it  gives  out  cyanogen  and 
axotic  gas,  and  learn  a  mixlurv  of  metallic  nickel  and  ctuu. 
eoalf 

11.  CyamidiiU  of  riJudl.      According  lo  Schcele,  carbonate 
of  cobalt  dissolve*  hIiIi  effervemvuce  in  li(|uid  hydro^yaiiie 
add.     The  salt  precipitates  when  solutions  of  cyanodide  of 
potiMiium  and  a  cobidi  uiltaie  mixed  together.     It  is  a  brown- 
iftli  white  powder,  insoliibtv  in  water  and  in  aeidn. 

<  BicMlmrct  of  iron  u  n  compound  at 

i  nliMUi  carbon         .         .         I'& 
I  uioin  iron  . '       .         3'5 


Psroxiik  of  iron  of 

l|  atoiD  oxyiea       •       .        I'A 
I    Bloin  iron  •       •        9*4 
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•VI-  1*2.  Cjfanodide  of  tine.  According  to  Sclieole,  whon  liydro- 
~~~  e)'anate  of  lime  is  mixnl  H-ilh  stilpluitc  of  zinc  a  while  preci- 
pitate falls,  neiOier  !M)luble  in  water  iior  in  aij  excess  of  fcy- 
dro-cyaiiittv  of  lime.  But  the  stronger  ucids  diasolve  it  winlr 
hydro-cyanic  iicid  m  disengaged.  Wlicn  tliU  salt  is  distilled 
carlwiiutv  of  zinc  rvnuuii«  bcbind." 

I.'),  ('i/aiwdide  <ifietuf.  'Wlien  acetate  of  lead  and  cyaii»- 
dide  of  potanium  arc  mixed  a  wliite  heavy  precipitate  bib, 
wliidi  is  not  soluMe  in  water,  biit  diisolvos  in  the  stronger 
uciil«  with  tlic  evolution  of  hydra-cyanic  acid. 

1 4.  Cyanodide  (^tin.  This  salt  has  not  yet  bc4>n  examtacd. 
It  lias  been  ascertained  that  none  of  the  (udt«  of  tin  aie  preci- 
pitated by  cyanodide  of  pota'utium. 

15.  C'lfaitodide  ofrap/irr.  Aqueons  hydro-cyanic  acid  whw 
digested  over  copper  witli  tlie  assistance  of  heat,  oocosioat  an 
effcrvvnccncc,  and  forms  a  brovinti^li  yellow  mnUer.  CyaU- 
dide  of  pot;iHsiuni  or  ndciiini  when  not  aildcd  in  excea  th«* 
down  from  nil  the  volutions  of  oxide  of  cop]>er  a  similar  prtci- 
pitate.  The  suit,  if  left  in  tbc  liqui«i,  urulergocs  decoiDp«tt- 
tioii,  while  cyanogen  is  crolved. 

16.  Dicj/anoditir  tif  capprr.  When  bydro-cyanic  acid,  lO 
cyanodide  of  ])otikssium,  h  mixed  with  dicbluride  of  cop^iMS 
wliite  cheesy  ]>recipi(ate  falls.  When  tJiis  precipitate  ts  geally 
heated  it  melts  into  a  browniah  matter.  If  tlie  beat  be  cod- 
tinnvd  thent  comes  over  first  a  liquid  which  reildeiw  litmu 
paper,  tlicn  ammonia  ts  disengaged,  and  a  hrowniith  reudne 
remains  behind.  The  salt  dissolves  in  liquid  ammonia  int«a 
colourless  solution,  in  concentrated  muiiatic  acid  it  diioalTn 
witli  a  yellow  colour. 

17.  Cyanodide  qf  mercury.  Tins  salt  in  a  crystallized  statt 
seems  to  have  been  6rst  obtained  by  Bcrthollet,  but  it  w« 
Gay-Lussac  that  first  pointed  out  its  real  nature.  It  is  Mt*ily 
obtained  by  digesting  a  mixture  of  red  oxide  of  mercury  a»i 
priuiMan  blue  in  a  sufficient  quantity  of  water.  If  ili«  two 
substances  be  used  in  tlic  requisite  proportion.s  the  pricMW 
blue  loses  its  blue  colour,  and  the  oxide  of  mercury  disaolni 
When  the  filtered  solution  is  concentrated  tlic  cyonodifte  of 
mercury  is  depatited  in  large  white  IransIucentcrystaU.  Tht 
primary  form  of  tlicse  crystaW  is  a  right  square  pri«m.  Tt* 
liasc  of  the  prism  is  frequently  replaced  by  two  feces,  rising 
from  two  opposite  angles  of  Uie  prism  and  meeting  at  an  an^le 

*  ^rMliut. 
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of  1 14^*     It  has  a  bitter,  and,  at  the  same  Ume,  a  mercurial     ^h^-  >- 
sud  very  disa^ccablc  tjistv.     It  diuolves  rfiadily  in  water  and 
ill  weak  alcohol.     Its  constituent)),  as  det^rmiucd  by  the  analy- 
kU  uf  Gay-LiiBsae,  arc 

V  I  atom  cyanogen  .         3-25 

^^H  1  atom  mercury  12-5 

^^  15-75 

B       'When  healed  it  blackens,  given  out  cyanogen  gas,  while 

■  sivTcury  is  disengaged.  There  Is  formed  at  the  same  lime  a 
^tTCry  li^it  black  charry  matter,  which  Mr.  Johnston  assures  us 
^Flkeonripo&cdof  tlie  very  same  constilueiils  as  cyanogen,  namely, 

■  1  atom  Bsotc,  and  S  atoms  carbon ;  but  the  properties  of  tlic 
substance  are  scarcely  compatible  with  that  opinion,  It  has 
been  generally  considered  as  a  compound  of  I  atom  azote,  aitd 

ft  8  atoms  carlwn ;  but  1  am  nol  aware  tliat  these  constituvnUi 

■  liavc  been  establiNhed  by  &atisiiictoTy  experiments.  MTicn 
till*  »alt  is  distilled  white  moist^  there  are  disengaged  carbonic 
licid,  wmmoniji,  hydrocyanic  acid,  and  mercury.  When  mixed 
with  «uli>huric  acid,  it  forms  a  gelatinous  mass,  having  n  weak 
odour  of  hydro-cyanic  odd.  When  there  is  an  exccm  of  snl- 
pliuric  acid,  it  becomes  yellow,  while  hydro^yiuiic  acid  is  dii- 
cngag«d. 

This  salt  is  not  decomposed  by  aqueous  solutions  of  the 
oxygen  acids,  not  even  by  nitric  acid)  nor  by  the  aqueous 
solutions  of  alkalies. 

18;  SuAcffanodide  of  mercury.  This  compound  wan  obtained 
by  Grouvelle,  who  boiled  a  solution  of  cyajiodide  of  mercury 
on  red  oxide  of  mercury,  till  the  liquid  refused  to  take  up  any 
more.  From  the  quantity  dissolved,  he  has  drawn  as  a  con- 
clusion, that  the  new  compound  is  formed  of 

3  atoms  c)'ano<lide  of  merctiry  .         47''2S 

8  atoms  red  oxide  of  mercury  27 

74-25  f 
When  the  solution  is  evn]>aruted,  it  yields  small,  four-sided, 
oUlque  needles. 

19.  C'yaiuxlidf  (^tilrrr.  It  w  obtained  when  nitrate  of  sil- 
Tcr  is  mixed  with  hydro-cyauic  acid,  or  cjmioilidt-  of  polnsoiuni. 
It  constitutes  a  whiu>  curdy  precipitate.     When  healed  in  a 

<  Brooke,  Anonli  of  Philosophy  (2d  *ciic*),  vi.  \t, 
\  Ann.  de  Chim.  ei  He  llij*.  xrii.  4*. 


^ 


)ut  be- 

1 


otm  VI.    tiloae  rcMel,  it  giv«9  out  a  portion  of  cynnogen,  and  melts  iiiio 
ft  iBBSBi  wliicli  haa  a  reddish  I>ro»-n  colour  whili-  liul,  but  be- 
come* grs)'  wbea  cold,     ^^'lll■n  linitcd  tu  Uic  opeo  air, 
wlioU^  cyano§^en  u  disengaged. 

20.  Cjfanodide  of  gold.  Hydro-cyanato  of  lime  or 
throws  down  muriate  «f  gold  wliit«.  W'lien  healed,  die 
becomes  yellow.  When  heated  siiil  more  atrongly,  water  and 
gaseous  matter  are  f^vcn  ulT,  and  tliere  remain*)  a  mixture  uf 
gold  Biid  cbareoul.     'Hiia  lialfis  soluble  in  liquid  ammuniik 

21.  (.^aiwdidt.  i>f  pUilinvm,  Ilydro-cyanic  acid  lias  iioitetMn 
on  oxide  or  platinum,  and  hydro-cyaitate  of  lime  does  Dot  pr»- 
duce  a  precipitate  in  the  solutions  of  platinum.* 

22.  Ct/anodide  of  palladium.  A  light  yellow  wliite  powder. 
When  prepared  from  nitrate  of  palladium,  it  detonates  like 
gun-powder,  with  a  weak  light,  as  Wollarton  oitccrtaiiied. 


8KCTION  II. — OF  CYaXATKB.-^ 

To  the  acid  described  in  page  225  uf  lliU  vuluino  uwiertb 
name  of  ci/atiou*  acid,  Wtihler,  who  di^covervd  it,  gave  at  fan 
the  name  of  c^Fcnic  on'<f.  This  name  ww  cluing^^l  into  cyomn 
addf  in  con«equoncc  of  the  discovery,  by  Scrulla*,  of  anotb«r 
add,  whidi  he  considered  as  cyanogen  combined  with  twicr 
as  much  oxygen  as  exists  in  Wiihler't  bck).  But  it  lia«  been 
since  ascertained  by  Wohler  and  Lielng,  tliat  the  acid  of 
SeruU»s  contains  also  hydrogen.  IK-uce  itt  cuiistitntion  if 
quite  different  from  that  of  Wiihlcr's  acid.  It  will  be  expc 
dieuti  in  consequence  of  this  diecovory,  to  restore  the  dbbk 
cyanic  to  ilie  aeid  of  \\*obler,  and  to  distinguish  lli«  waAvi_ 
Serullas  by  a  new  a)>pellation. 

I.  Cyanate  qf' potash.  1  Itave  given  the  process  for  ubi 
ing  this  salt  in  page  226  of  tliis  volume.  It  is  compuwd  o( 
small  plates  or  needles,  and  has  some  resemblance  to  chloralt 
of  potash.  It  lias  the  taste  of  saltpetre,  is  nut  altered  by  ex- 
posure to  the  air,  and  in  a  red  heat  It  fuses  and  is  decompow^ 
When  the  solution  of  it  in  water  is  Imiled,  the  salt  is  com- 
pletely changed  into  carbonalc  of  polasli.  while  ammonia  It 
disengaged.  The  fiome  change  takes  place  gradually  ereo 
without  ihe  application  of  henl.    When  hydrogen  gw  ispeMeil 

•  Schcclc. 

t  Thii  ncid  tiniJ  Its  talu  ought  li>  find  Us  place  mmot^  the  ox^gai  acKb 
nnd  their  uK.i.  But  I  hmc  placed  then  hen  provniaaaUjr,  bccMue  I  coo- 
lidrr  many  jioiiilg  rccjwciing  ilic  compounds  of  cyaiMsea  m  ao 
ritablighed. 
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orer  the  i|fni(«il  iall,  it  deprives  both  of  its  poiisUtueiits  of  their  *"*•"• 
oxygen,  and  a  cyanodide  of  potaN«ium  ta  formed.  Hut  llic 
water  produced  by  tluti  decotnpoMtiuti,  decomposes  aiiotlicr 
portion  of  l)ie  »alt  into  carboimln  of  potash  aiid  ammuiiio. 
PotaMiiim  di«.sulvei(  tn  this  «ult  witli  tranqutllity.  The  »olu> 
tioii  coniutUK  of  II  mixture  of  cyamidide  of  potassium  iind  pot- 
■sli.  Iron  filing  lii-.'irml  to  rvihiexs  in  it,  form  eyiin<Klicli>  of 
pwtiuuiium,  ferro-cyiiuodide  of  potiLSsium,  oiid  protoxide  of  iron. 
W'lien  ftulpliur  i%  melted  wiili  it,  tlie  products  are  mtlpho- 
cyanodide  of  potanMum,  sulpburet  of  potassium,  and  sulphate 
of  potash,  Sulphuretted  hydrogen  gas  diangofi  the  fu^ed  »«lt 
into  a  yellow  musit  of  sidphuret  of  potiuutium,  niid  sulpho-eya- 
nodide  of  potnauum,  while  at  the  same  time  aomc  hydro-suU 
pkuret  of  ammunia  sublimes  in  consequence  of  the  water 
formed  during  the  action.  When  heated  witii  eonecntrated 
sulphuric  acid,  carbonic  add  is  evolved,  and  sulphates  of  pot- 
asli  and  of  ammonia  are  formed.  Diluted  sulphuric  acid  causes 
the  evolution  of  some  cyanic  add,  wliich  escapes  with  tlie  car- 
bonic acid.  This  salt  is  readily  dissolved  in  tvater.  It  is 
soluble  in  hot  alcohol  of  tlic  specdlic  gravity  0-832;  but  not  ia 
absolute  alcohol.  I(«  constituenlit,  according  to  the  analysts  of 
WtiUlcr,  we 

1  atom  cyaitic  add      .         .         4-35 
1  atom  potasli  .         .         6 

10-25 

a.  Cyanale  of  soda.  This  ssit,  according  to  Wcihter,  is 
capable  of  cr)-slalliztng. 

d.  CyanaU  tf  barytes.  The  method  of  forming  this  talc  has 
been  described  in  page  1235  of  tliia  volume.  It  crystallines  ij) 
transparent  silky  needles.  When  ignited  with  sulphur,  there 
arc  foimed  hydriv^ulphurct  of  ammonim  isulpluitr  of  barytes, 
Bulplttmt  of  barium,  and  sulpho-cyanudide  uf  barium.  When 
this  salt  is  dissolved  in  water,  and  tlie  solution  eva)>uraU><l,  it 
is  decomposed  into  carbonate  of  barytes,  mid  lercvburet  of 
a2ote.* 

4.  C^naie  of  lime.  It  may  be  prepurwl  by  the  name  pro- 
_  ce»  aa  tlie  precc«lint^  Kilt,  by  [tassing  the  vapour  from  heated 
I  urate  of  mercury  througli  lime  water.  It  docs  not  crystalltso.t 
■       5.  fjfanaie  efiroa.     This  salt  may  be  obtaiued  by  dccom- 


•  Wohler.  f  Itbit. 
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ctaNVi.    pmJiig  cyanate  of  Bilror  by  meant  of  iron,     'lite  •oluttonu 
~~''~^  very  easily  drcotnpoicil. 

6.  Ct/anaU  (^'lead.     \V'hcn  solutions  of  accUitc  of  l«ttd  uA 

cyiiiutlv  of  |>otasb  arc  inLxed  toother,  a  wliitr  hcax-}'  pi«cip»- 

tatc  falU  i»  fine  needles,  and  resembling  chloride  of  IcwL    It 

is  anhydrous,  aud,  according  to  Woliler,  ts  a  compound 

Cyanic  acid  .  .  .  'J3 

Oxide  of  lead        ...  77 


100 


This  is  obviously 

I  atom  cyanic  acid 

I  atom  oxide  of  lead      . 

18-25 
When  heated  in  a  close  vcMcl,  it  molta,  becomes  red,  ami  U 
at  Inst  vliaiigcd  into  n  light  grccii  pon'der,  which  seems  to  be 
a  tnixtiire  of  lead  and  cyanodide  of  lead.  When  hoaU'd  in 
contact  with  air,  it  burns,  and  is  easily  reduced  to  neulBe 
lead,  witli  tlic  emission  of  sparks.  Poliutli  <liscngages  ej'Bdic 
acid,  while  n  rcddi^  yellow  crystalline  powder  precipitolci. 
Siit|iliti retted  liydrogcn  produces  sitlphuret  of  lead,  while  cjt- 
iiic  uciil  is  disengaged;  but  in  consequence,  probably,  of  the 
water  formed,  it  is  soon  decomposed  into  carbonic  acid  8SJ 
nmmoniu.     This  salt  is  slightly  soluble  in  boiling  water.* 

7.  CtftiiKite  qfcop/ier.  When  cyaiiatc  of  lime  is  dropt  ialni 
nitnite  of  oopper,  a  grcenisli  brown  prwipiutc  falU.T 

&  Cyanittett  nuboxide  qfmermry.  C'yanate  of  baryies,  whrn 
mixed  witli  a  solution  of  nitrated  suboxide  of  mercury,  uoa- 
sions  u  white  precipitate,  which,  when  heated,  givc^  out  wme- 
tintes  cyanic  acid,  and  sometimes  carbonic  acid  and  ozoiie  gu 
A  porous  charry  matter  remains,  frxun  which  acids  arc  capaUt 
of  cxtnieting  pohuib.t 

9.  Cijimalr  of  sihtr.     Obtained  by  mixing  Ditnilc  of  silver 

and  cyitnnt*^  of  potiish  together.     It  is  a  white  ])ow(lcr,  whick 

after  being  dried  contains  no  water;  but,  as  ia  obvious  fron 

the  analysis  of  Wohter  and  I.iebig,}  is  composed  of 

1  atom  cyanic  add      .         .         4-33 

1  atom  oxide  of  stiver  ,       14-75 


•  Wrililcr.  f  Ibid. 

$  Adii.  de  Chim.  e(  de  Vhj*.  sxsiii.  tOft 
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When  heated  in  tlie  open  air,  mpour  of  cyaaic  acUl  is  ^ivcn  ^***-  "^  ' 
out,  togelher  willi  u  mixture  of  two  volumt-s  carbonic  iicitl, 
and  one  rolumv  luoljc  Kas.  When  ignited,  it  becomes  black, 
melts,  Utk<-s  Brr,  aii<l  burns  with  noise.  When  ignited  in  close 
Tewels,  it  l^-aves  cyunodidc  of  ailrer.  ^'hcn  this  muss  is  fur> 
llipr  hcatvd  in  tin*  open  itir,  much  cvfinogen  is  driven  ofT,  and 
49  per  cvnt.  of  silver  rcmaios.  When  heuted  uitli  iicids,  cyu- 
iiic  acid  it*  given  off,  togctlier  with  carbonic  ticid,  while  silver 
uikI  Dinmoniu  remain  in  the  add  solution.  It  absorbs  nnunattc 
acid  gas,  while  heat  is  evolved ;  chloride  of  silver  is  formed, 
luiil  :i()iieous  cyanic  acid  diseogjBgcd,  constituting  a  tlitek  solu- 
tion, which,  tiy  n  gentle  heat,  is  converted  into  bicarbonate  of 
ammonia,  itpeedily  changed  into  sal  aminoaiac  by  an  additional 
40W  of  muriatic  acid  gas.  From  the  solution  of  tlii»  salt  in 
V  iron  tlirows  down  metallic  silver.  Cyanutc  of  silver  ia 
•Ughlly  soluble  in  boiling  water,  but  not  in  cold  water.  WhcD 
the  solution  cools,  it  again  &lls  down  in  powder.  It  is  roadily 
soluble  in  liquid  ammonia.* 


P 


SECTION  III. — OP  CYAI4URATES. 
The  acid  discovered  by  Serullas  in  IS29,  and  described  in 
page  '227  of  this  volume,  under  the  name  of  ci/amr  iiciil,  has 
been  Uitely  examined  anew  by  MM.  Wiihieraiid  l.iebig,  wlio 
have  detectvfl  in  it  hydrogen,  and  bare  shown  tluit  it  ii  in  liici 
a  compound  of 


t  atom  cyanogen 

3-25 

2  atoms  oxygen 

200 

1  atom  hydrogen 

0-13S 

6'375t 

differs  from  tliat  of  Serullas,  simply  by  the  addi- 
tion of  an  atom  of  hydrogt-n,  which,  in  consequence  of  the 
smallness  of  iL-«  weight,  luid  been  at  lirsi  overlooked.  In  con- 
sequence of  this  <litrerence  in  the  nature  of  this  acid  from  tho 
cyanic  acid  of  Wiihler,  the  name  of  cpanuriv  ock/J  bas  been 
applied  to  it  by  \\''(>hler  aitd  Liebig. 

The  salts  which  tlii.t  iieid  forms  with  bases,  will  receive,  of 
eotirse,  the  name  cj/aHuralf*.  Serullas  informs  us,  that  tliey 
arc  well  characterized  by  tJieir  crystalline  forms,  and  by  thetr 

I        ■  W<ihlcr.  f  Aim.  de  Cliia.  ot  <I«  Phyn.  xlvi.  37. 

I         I   Frani  cyattagn  and  tiTtn,  to  ihow  Jim  uitimalc  ctinntKioD  wUb  tlicM 
I   iMxi  importftDt  principle*. 
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ciwv''    interesting  cltemiral  propvrtie*.*     Uut  liitberto  none  of 
h»ve  been  described,  or  nccuTMcly  examined. 

HECTtON  IV. — OP  FULMIKATEB. 

The  tiTst  knowledge  of  the  fulmiiinlcs  utu  the  coiigequeaet 
bf  tlte  well  known  experiments  of  Howard,  who  made  knowa 
the  fulmin&l»«  of  mercury  ni»l  ^ker  about  tlie  beginning  of  Ife 
present  century.  It  vn»  I.iebig  who  first  tihoweil  tliat  they 
owe  their  properties  to  a  peculiar  acid,  to  wliich  he  gare  the 
nimie  oifulminic.  He  showed  that  ibiaiicid  may  be  coobincd 
witli  tiic  different  lia.se<i.  and  that  all  t)ic  suits  «o  formed,  [iiiiiniw 
the  property  of  fuhniiinting,  when  heated.f  But  for  tfaenUNt 
complete  exnminalion  of  the  fulminates  yet  made,  we  ore  in- 
debted to  Mr.  E<imiind  Davy,  who  publisbe<l  a  very  intj-rert- 
ing  pupi-r  on  the  subject,  in  tlie  Traii&actions  of  the  Ro 
Dublin  Society. 

1.  Fatminfitf  11/ (imttumia,  Mr,  Davy  obtaine4)  this  alt 
adding  sulphate  of  ammonia  to  a  imlutioo  of  fulniiiiatc  of  fatry' 
ten,  as  long  »  a  precipitate  continued  to  Hall.  The  filtered 
solution  was  colourless,  but  when  evaporated  nearly  to  diyimit 
At  tlie  common  tem])eniturc  of  the  air,  it  at«uiD«d  »  ycBow 
colour,  and  was  of  »  thick  trynipy  consistence.  It  had  a  sweet 
and  astringent  taste.  Ry  a  gontle  beat  it  become.t  tough  and 
tlien  brittle.  It  explodes  in  tltis  state  by  percussion  and  b<r 
heat,producii>gBsluirp  report luid  a  yellowish  fljuno.  It  iadrii- 
quescent  and  soluble  in  H-xilcr,  forming  a  yellow  solution  wliich 
tingvi  turmeric  paper,  lutd  has  a  sweet  ta-tte  w-itJi  a  coiisider- 
■blc  degree  of  aslringcncy.  Its  fulminating  properties  are 
altered  by  exposing  the  salt  to  air  and  moisture.} 

2.  Fuiinimitf  lif /lolasA.  Mr,  Davy  obtainwl  this  salt  by 
same  process  lu  the  preceding,  only  substituting  sulphate  of 
potAAli  for  sul|>liate  of  ammonia.  Tlic  colourless  liquid  ihut 
got  was  slightly  alkaline;  but  Licblg  informs  us,  that  he  got 
the  salt  pcrfi,>ctly  neutial.{  When  tiowly  evupuruled  it  cryt- 
tallixes  In  nnall  right  rliombtc  primu.  Cobnir  at  first  while, 
but  it  becomes  yellow  when  Iho  salt  is  dried  in  an  urti 
heaL  The  crystal.'*  have  a  sweet  tuste,  and-aro  deliqucsi 
They  dissolve  readily  In  water,  but  not  in  uUhjIioI.  W 
heated,  they  explode  with  a  loud  report,  and  u  faint  toddi 
flame.     When  dry,  the  salt  fiilminates  by  percussion,  fricti^ni, 

•  Ann.  >Io  CJiiin.  el  tic  Phyt.  xinriii.  3Stv 

I  n.  liavy,  p.  40. 

i  Alii,  dc  Chini.  ut  (1«  l»hji,  «»i*.  SIA. 
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unA  the  contact  of  strong  sulpliuric  ncid.     Tli*  fulntinalmg    *"«■  "^' 
property  m  not  impaired  by  exposure  to  the  atmiMtphere.* 
Acxronlin^  to  the  analysis  of  Liebi^,  tlie  conMitiients  of  Utu 
fiiluiinatc  arc 

■  Fulminic  acid  86-06 
^^^               Potash  14  93 

^^^  100-OOt 

■  This  U  eqtiivxlent  to 
I  8  atoms  fulminic  add, 
I  1  atom  potash 

I  if  n-e  adoiM  4-25  m  tlic  atomic  weit^ht  of  tim  acid.     If  the 
I  atomic  weight  be  5-25,  tJtcn  the  acid  preseiUnmoiinia  toubout 

Aatonu. 

Si.  PuimimUt  q/*  toda,  Mr.  Davy  obtained  this  nalt  by  a 
process  simiLir  to  ibat  wliidi  furnished  tlie  preceding.     When 

fUie  filtered  S(»lii(ioi)  \»  cviipomtrd,  tlic  salt  is  obtained  in  obliqu« 
rhombic  prixmA  with  dihcdml  siimmiu,  and  in  very  long  while 
iieedlfN,  at  finii  (r;iiiS]>»renl,  hut  hecomiiig  opntjiic  by  the  low 
of  Milter.  ThcDC  crj-fttJils  hnvc  a  sweet  and  astringent  taste, 
luid  effloresce  when  exposed  to  tJic  air.  This  salt  bus  a  elose 
reccmblitncr  to  fulminate  of  poia«h,  but  \ln  specific  gravity  is 
^hj(.  Iln  constituents,  acoonling  to  Licbig,  are 
^^K  Fulminic  acid  8S-66 

^^^^        Soda  11-34 

^^^^^  loo-oot 

■  Hits  is  equivalent  to  six  atoms  acid  and  one  soda,  provided  tli« 
atomic  weight  of  the  acid  be  A-'JS, 

4.  /■'uiminatc  'ifharj/tes,  Mr.  Davy  oblaiiii'i!  this  salt  by  add- 
ing about  three  vuliniies  of  aqueous  solution  of  fulminate  of  xino, 
to  one  volume  of  a  saturated  aqueous  solution  of  Imrytes.  T1i« 
oxi<le  of  line  pTcoipitates.  and  the  filtered  li([uid  is  a  solution 
of  fulminate  of  baryteg.  It  has  a  sweetisb  iL^irin^eiit  taste, 
and  when  evaporated  to  a  syrup,  it  erystatlizes  in  small  prismi 
intersecting  each  oilier.  'Piesc  crj'Stals,  by  expostire  to  tlw 
air,  acquire  a  yellow  colour,  'Hie  lustre  of  the  crystals  is 
vitreous ;  tliey  <li<ifM)lre  in  water  and  in  uleoliol.  They  diaiigc 
turmeric  paper  to  brown.  When  heated,  this  salt  explode* 
powerfully,  produdng  a  yellow  flame.  It  explodes  also  by 
percussion,  friction,  an<)  the  action  of  strong  sulphuric  acid. 

■  E.  Dairy,  p.  M,  f  Ann.  ite  Chim-  ei  ilc  Fliyi.  tan.  310. 
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lu  dilute  solution  is  decomposed  by  iJic  more  powerful  m| 
fultniiiic  ncid  being  evolved.  Whi-n  exposed  to  Ute  ur  iti 
dergoes  no  other  chnii^  than  a  )>%ht  Hltenition  io  coU 
Wlicn  mixed  in  a  dry  etatc  witlt  pulvcriiwl  flints,  »ntl  dUd| 
in  a  Mnid)  retort,  Uicre  came  over  carbonute  of  iuntnonM 
crystals,  water,  carbonic  ncid,  and  aaotic  gas." 

Liebi);  is  of  opinion  tliat  fulminic  acid  and  borj'ttfs  conn 
in  two  liiffiTont  projmrlions. 

5.  FulmiHale  tif  ttrottlian.  ThU  salt  was  obtained  by 
Hnme  pruecwj  iw  die  pTece<ling,  snbuitnting^  strontianwalu 
baryteit  u-nter.  It  fonn-t  transparent  white  crystals,  harii 
)r]HKsy  luslre.  They  are  excessively  small.  When  slig 
heated  tliey  become  yellow,  llie  taste  is  sweet  and  astrisd 
TIjc  salt  is  soluble  in  water.  It  changes  turmeric  papi 
brown.  It  fnlmimitos  strongly  when  heated,  producing  a  ft 
yellow  flume.  It  explodes  idso  liy  percussion,  friction,  an 
tlte  contact  of  strong  sulphuric  »ct<l.  When  exposed  U 
air  it  becomes  moist,  and  then  does  not  explode  by  the  a 

6.  Fufminate  tjf'lime.  It  was  obtained  by  uilding  lime  H 
in  slight  exi-ess  to  fulminate  of  zinc,  iind  tillrating.  It  I 
sweetish  and  bitter  taste,  and  yields  crystals  so  small  that 
slia|)c  cannot  be  determined.  'Hie  colour  is  al  first  white, 
it  becomes  yellow  when  gently  heated.  It  ahM>rtM  mois 
from  tlie  air.  It  is  ^ghtly  soluble  in  water.  The  dry 
explodes  by  percusition,  friction,  and  heat,  pro4lucinga 
report,  and  a  reddinh  coloured  Same,  with  a  tinge  of  yell 

7.  I-\ifminate  of  magnesia.     This  t>alt  may  be  obtaine 
adding  sulphate  of  magnesin  to  a  solution  of  fulminate  of  b 
tes,  as  long  as  a  ]>recipit«te  continues  to  falL     The  fill 
solution  ift  colourless,  and  liiks  n  sweet  and  lutringeot  t 
Uy  the  requisite  eonceiitration,  it  yields  cr)'stul5  in  lonf 
four'sided  opuqne  prisms,  intersecting  each  other  in  difia 
directions.     Tlte  suit  neither  alters  litmus  nor  turmeric  pfl 
It  is  soluble  in  uitter,  but  scarcely  so  in  alcohol.      Wheal 
it  explodes  by  friction,  percussion,  and  heat,  producing  a 
report,  and  a  reddish  coloured  flame.     liut  it  doef*  not  ex| 
by  strong  sulphuric  acid,  even  when  artificially  beuted.§ 

According  to  Liebig  tliere  is  another  fulminate  of  tnagn 
which  is  an  insoluble  rose  red  powder  that  docs  not  fi 
but  merely  decri'pitatcs. || 


•  E.  Uny.  p.  3*.  f  Ibid.  p.  36.  J  Wd.  p.  St. 
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%.  Fulmin^e  of  alHtnina.  It  wiui  obtained  by  tr«iting  a 
solution  of  fulmiiiutc  of  bitryU*»  wii)i  lu'utnil  Mil^iliattf  ofiilumiiia,  ~ 
tu  long  as  a  precipitat*'  ruiitiiiuvd  to  full.  Tin-  filtered  tiiguti), 
vth^a  cvaporalod  t4>  dryiiew,  U-aves  u  yellow,  imporfectly  rry»- 
tiillized  Kuluttanctf)  which  is  fulmiimlc  »f  iiluinimi.  It  vxplodc« 
feebly  by  pvrciiMiflii  luid  bcal,  ])rodiiciiig  u  yt^Uow  flumi;.  Its 
butt'  \n  tuxringtfiit,  with  »  Mligbl  iiii|iro!i»ii)M  of  sncctnrxM.  It 
is  »olublv  in  walrr,  forming  a  yellow  fluid,  which  docs  not  alter 
vegclabic  colours." 

9.  Fuiminale  tifiron,  Mr.  Davy  prepared  this  salt  by  put- 
ting nearly  equal  bulks  of  Howard's  fulminating  powder  inid 
iron  filings,  in  a  Hniall  ground  slupjiered  botllc.  which  was  then 
filled  witii  water,  closed,  an<l  occasionally  agitated.  In  a  short 
time  the  decomposition  of  the  fulminate  of  mercury  Wgan,  tlic 
filings  were  tarnished,  and  the  liquid  acquired  a  yelloH-ish  tint, 
which  gradually  became  deeper.  In  about  an  hour  or  two  all 
the  fulmitiato  of  mcrcnr)'  was  decomposed,  and  the  fulminate 
of  iron  formed. 

like  filtered  liquid  has  a  dull  yellow  colour,  a  peculiar  ta- 
tringenl  taste,  and  slightly  reddeua  litaiii»  paper,  Dilute  acids 
gave  the  liquid  a  fine  red  colour,  which  diiuippears  after  eotne 
hours,  while  a  peculiar  odour  of  fulminicand  hydn>-cyanie  acid 
is  perceptible.  I>ilute  muriatic  ncid  ftlrikco  a  similar  colour, 
which  gradually  becomeii  <lerper  than  port  wine,  wliile  t}ie 
smeii  of  hydrocyanic  aciil  becomes  perceptible. 

When  thcMtlution  of  thin  fulminate  i.i  evaponleil,  it  becomes 
fiKt  the  colour  of  port  wine,  tlicn  blui«h  black,  while  a  little 
liladtish  pTcvipitale  fulls  which  bus  no  fulminating  propertie*. 
When  evapomtetl  to  dryness,  it  leaves  a  sirnilur  itubslance, 
which  becomett  brownish  black  after  ignition.  From  these  and 
many  simibir  experiments  by  Mr.  E.  Davy,  it  b  obvious  tlial 
tliis  futmiiuite  is  very  liable  to  undergo  spontaneoits  tleconipo- 
sition,  and  that  it  cnnnot  be  obtained  in  a  dry  state  without  llie 
deslruciion  of  its  acid.f 

10.  /V/iNinofa  ^manyauese.  It  tnay  be  obtained  by  adding 
sulphate  of  imutganeitc  to  a  solution  of  fulminate  of  barytes  as 
long  as  a  precipitate  continueK  to  fall.  'Hie  filtered  solution 
ia  colourlcM.  When  cvaporaU>d  to  the  c»niit«tvnce  of  a  synip 
it  has  a  sweet  taste  with  »  ci'rtiiin  degree  of  astringency.  By 
continuing  tlie  evupotation,  a  tenacious  mass  is  obtained  which 
explodes  by  percussion  and  heat,  producing  a  rcd4lt»h  flame. 

E.  Davj,  Ana.  d«  Cbim.  et  At  Phjr*-  P-  •'^-  t  >>■■■)■  P"  "- 
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otm  VI.    It  is  a  neutrul  salt  wliicU  k  soluble  in  water.     Dilute  tiulpliwnc 
^^^~~~  mW  ()eoompase§  tlie  sail,  fulminic  acid  being  evolved.* 

II.  Fulminate  of  uiiM.  It  may  be  obtatncti  by  Diixiag 
Aic-kel  filings  mid  fulmiitiitc  of  mercurj*  in  a  pltiiil,  in  tlk«  mtj 
A^f^eT\^eA  wheu  treutin^  of  Uh'  pn>purution  of  fiilmitrntc  of  traa. 
In  a  few  days  the  n-ater  in  thv  phiul  ncigtiircti  n  f^reen  oolnttr. 
Tlie  filtered  litjiiid,  when  evapointwl,  Icuvi-s  n  crust  wf  n  yrl- 
lowiidi  ^reen  wubtiCaiice,  which  «>xpl<>des  by  heat,  imxIndB^  ■ 
uLarp  noi«c,  and  an  enlarged  flamu. 

'  It  lUMolven  in  pure  ammonia,  and  the  solution,  when  evapo- 
Tate<l,  leaves  a  paJe  yellowish  grwn  substBncc,  which  seems  is 
*  be  a  iloubic  salt,  Compo«ed  of  fuUninic  acid,  oxide  of  iiirkel, 
■nd  ammonia.  Wlx-n  kriited,  it  is  deeompoited  with  a  hitUD^ 
noise,  and  successive  flnshrs  of  lig^lit. 

A  fulmiciatc  of  nickel,  difforoiit  from  tin*  prec4>ding,  i«ob- 
t  tained  by  adding  sulphate  of  tiivicel  to  fulmitiittr  of  liurjin.  m 
long  OS  nny  precipitate  feJIs,  and  then  filtering.  The  liqnU 
has  a  yellow  colour,  and  when  evaporated,  Icnves  a  yellov 
crust  with  some  very  minute  crj'stids.  The  colour  of  thisfnl- 
miuate  is  straw  yellow.  It  explodes  by  percussiou,  aod  mort 
strongly  by  heat,  producing  occasionally  small  red  flaalieiilf 
light,  and  a  large  red  flame.     It  is  soluble  in  wnter.t 

1*2.  Fuiminale  of  mbolt.  It  may  be  obtained  by  adding 
sulphate  of  cobalt  to  fulminate  of  borj-tes,  as  long  as  a  predpt 
tate  falls,  and  tlien  Elleriiig.  A  yellow  liquid  in  obtained  whid) 
yields  yellow  eryilals  in  groups,  having  the  form  of  long  rlion- 
boidal  pri.tmit.  They  are  insoluble  in  cold,  but  Kligblly  taxa- 
ble in  boiling  water,  and  In  liquid  ammonia.  Tliiit  snlt  expMn 
by  friction,  percuwqun,  iin<l  heat,  producing  a  lout)  report,  and 
a  iiirge  rodiiish  tbnnv.  It  does  not  explode  by  means  of  strong 
sulphuric  acid,  even  after  being  dried.  When  mixed  witk 
pulverized  borax,  and  heated,  it  is  decomposed,  and  by  incTMS- 
ing  the  hont,  a  deep  blue  glaii^  is  ublaineit.J 

l:i.  li'hile.  fultnmate  ofzine.  This  »atl  may  be  (>btuin«d 
mixing  nhont  equal  parti*  of  xinc  filings  and  fulminat**  uf 
cury  in  u  small  phial  fiiltvl  with  wnter  and  closed  by  a 
StOjipcr.  The  mixliin-  is  oociisioiially  agitated  fur  about  fi 
tninntes.  Heat  in  produced,  the  fulminate  of  mercury  i^  gra- 
dually <lecompo<ii.-d,  running  mercury  being  prccipibiled  and 
sine  dissolved  in  iu  place.     The  liquid  b  colourless,  and  \m 


*  E.  Oovy.p.  il, 
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A  nweet  nnd  Mtriiif^iit  taste.  Bjr  Mpoiitniicuus  evBporaliuii  it  "(^^  i^- 
dcpiMitvs  wliit«  crystnU  in  small  rhomboidal  tablra,  Wlira  a  — — 
pUtc  of  zinc  is  plunged  into  a  solution  of  fitlminnle  of  bary  tuH, 
a  little  fulminate  of  zinc  ia  precipitated  in  wbile  powder,  but 
it  i»  impure.  Solid  wlute  fulminate  of  zinc  Is  tiLitelc^  and 
innolulde  iit  water.  When  liealeil  to  H&O'  it  explodes,  pro- 
diii-ing  II  »hat\t  report  nnd  ii  red  tliuno.  It  also  i>X]>lodes  whun 
ttnick  on  an  anvil  with  a  h.-iiniinT,  and  likcu-iMr  by  friction 
when  mixed  with  n  little  powdered  sand.  \Vlien  a  drop  of 
Butphuric  acid  is  brought  in  contact  with  a  tump  of  fitlmirutle 
of  xinc  it  explodes  loudly  with  a  red  flame.  Wlien  a  littie  of 
It  i«  llirown  into  Nul|)huric  acid  il  in  decoin{K>.«ed  witlitlie  evo- 
lution of  friw.  The  name  decomposition  is  produced  by  muri- 
atic, nitric,  ami  pbixplioric  acid*.  The  silt  dissolves  in  solu- 
tions of  potusli  nnd  soilu,  and  n  pccultiir  smell  is  perceptible, 
not  uidikc  that  of  boiled  lobster  or  crawlish.  Ammonia  also 
diMolves  it. 

When  aqueous  fulminate  of  xinc  is  poured  into  a  bottle  of 
chlorine  gas  a  yellow  oily  fluid  is  produced,  not  unlike  chloride 

■  of  axote,  but  destitute  of  itA  explosive  projieriiea.     I'his  liquid 
bt  vuliitili',  liaft  an  acrid  ami  peculiar  smell,  u  sweet  and  astrin- 
gent la^te,  with  a  certain  degree  of  pun)rency,  which  remains 
_  for  sometime  in  the  mouth.     It  is  insoluble  in  water,  but  forms 

■  a  saponaceous  compound  with  ammonia.     It  doc«  not  imme- 
diately redden  litmus  paper,  but  acquires  tluit  property  after 

►acme  time." 
14.  yritotp  fftminatt  (ff  zinc.  'Hiis  salt  ia  obtaine<l  by  ex- 
po«ing  ihr  niiniirlr-is  nqueou<<  solution  of  tlie  prcn'<ling  salt 
when  lint  formed  to  evaporation  at  a  moderate  hcut  on  the 
Vaaiid  bath.  As  tltc  process  proectvls  small  globules  of  gas  ap- 
pear to  \>«  disengages)  from  the  fiuid,  which  first  aBBDinea  a 
yellow  tint,  then  grows  darker,  and  there  ullimatdjr  renailM 
a  brittle  yellow  crttst,  whieh  constitutes  yellow  fulminate  of 
zinc.  It  forms  minute  crystalii,  the  nliajw  of  which  cannot  be 
determined.  It  is  insoluble  in  ctdd,  atut  ftliglitly  aoluble  in 
lioiling  water.     It  is  also  insoluble  in  alcohol,  but  it  diiMolveK 

•  readily  in  aqueous  ammonia.  It  is  decomposed  by  the  Mrong 
•cida  like  tlie  preceding  salt,  but  it  Aov%  twt  explode  with  kul- 
pburic  acid.  It  explodes  by  perciiwion,  and  likewMr  by  friction 
while  warm.     It  expltKlea  also  when  heated  to  050",  hut  not 

■  with  Bucli  violence  as  tlie  white  fulminate.     When  this  salt, 
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previously  dried  at  the  tempcraturo  of  230»,  is  mixed  wiUi 
pulreris^cl  fltnt  »nd  difttUle<l,  tlie  fulminic  acid  u  dpcompcanl, 
and  tlie  prtnlurtK  nTi!  uater,  airboiiic  acid,  azotic  ga,  smI 
cryitalliicd  ratt"nniro  uf  iiiiimuiibi.* 

15.  Fuhninatt  (jf  cmlmium.  Thiit  wdt  inAy  l>e  obtsined  by 
ndding  su}p]iato  of  cudmiuin  to  fittniiiintc  of  bnrytra  as  \iMf  w 
n  pT^ci|iitato  fall§.  and  tlten  filtering  the  solution.  By  tn» 
porulioii  a  iiiimlier  of  very  »ina)l  opatjiie  white  crystals  ve 
foTint-d,  ^(iii])i'd  tu^otlier  in  pri«R»  divfr^in;;  from  a  commoo 
centre.  This  fulminntc  ncqnirni  s  yellowish  tint  wWn  dried 
on  tlie  snnd  Imlli,  or  by  ex(K>»iire  to  tlic  iiir  for  a  fi-w  ibys. 
It  is  soluble  in  wutcr,  nnd  explodes  by  percnstiion  nnd  imL 
producing  a  sharp  report  and  a  feeble  yellowttJi  flume.t 

16.  FttlmiHale  of  lead.  This  salt  may  be  obtiiined  by  add- 
ing n  Halution  of  iiitmtt-  of  lead  to  a  MtUiiion  of  fulininste  of 
barytejt,  or  HoliitiotM  of  fulminate  of  ziite  nnd  nitrate  of  ImJ 
mixed  together  nuiy  be  hoHlcd.  A  white  powder  falls,  uludi 
under  the  microscope  appears  to  coiimt  of  cr)-&taliinc  •^sle*. 
When  henleil  it  explodeM  violently,  nnd  lit  the  aatDetiBiea 
large  whilixh  flame  ii{ipear«.  It  nl»a  explodes  by  percasaon 
and  friction.  Siiljiliiiric  ucid  deci>m|Mm'8  it,  as  does  also  nitric 
ueid.t 

17.  l-'ulmtHa/e  of  copper.     Mr.  Davy  obtained  this 
three  elates,  namely,  brmcN,  gnffi,  and  H-At'/c. 

(I.)  When  copper  filings,  ftiliniriate  of  mereurj'. and ' 
iire  put  into  a  closet!  phial,  anil  ihe  whole  oceiiKionally  ^cated, 
(leeompoiiition  takes  place.  Metallic  mercury  a  precipitatnl 
in  f1ocI(«,  and  a  brou-n  matter  is  formed,  which  im  iirmnfid- 
tninalintj  rop/vr.  TIio  lifpiid  nnd  mercury  arc  easily  wpanml 
by  decuntndon,  and  the  brown  powder  being  n-a^bcd  may  bf 
collected  on  a  filter,  and  dried  tn  a  heat  mil  exceetling  SIS'- 
It  i»  a  very  forinidaMe  snliHtance,  nnd  xhonld  be  handled  vitli 
greiit  cHiition.  It  i-\pl(irleN  with  great  violence  when  hoawd 
to  400°,  und  iiUo  by  perctiiwiuii  nnd  friction.  'Iliin  fiifminatr 
is  fonned  when  an  aqueoiw  solulion  of  fulminate  of  line  i( 
placed  on  a  elemi  copper  plutc  and  heated  or  i-vaporatrd  l» 
dryness.  It  is  formed  also  when  copper  tiliiigM  ure  put  Ifll 
glass  plate  moislene<t  with  nrater,  and  placed  over  n  wine  glw 
which  contains  a  Kohition  of  fulminate  of  barj-trs  mixed  with 
dilute  sulphuric  acid. 


•  E.  Davy,  p.  39. 
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("2.)  When  tlie  liquid,  afl«r  having  deposited  th«  brown 
fulminate  n(  «o[>)>er,  is  filtered,  and  evaporated  Ijy  a  gentle 
heat,  llie  {/rfeti  fulminale  of  eojiprr  is  dopositeil  in  minute 
Cf VHlwin,  amiiKiing  of  flat  pyraniidiU  d'ldecidit'droiiH.     It  hiu  n 

KUght  gr«en  cnlonr,  and  an  astriiigeiit  la-ite.  -  When  hcnU'd  on 
fl  »lip  of  iMpt'r  it  explodes  producing  a  largt!  u-liiti»l)  Dame, 
and  •  mtidi  louder  report  than  t'uliniiiatiiig  mercury. 

H      (0.^  When  copper  leaf  in  a  minute  state  of  divinion,  fuJ- 

"  tninatin^  merciiry,  and  dii^tilled  water,  are  put  into  a  Rmall 
phial  with  n  ground  sroppt^r,  and  the  nliule  ueeitHiondlly  agi- 
tated, a  gradual  change  uf  coldur  Xiikv*  place,  lioth  in  the  cop- 
per leaf  anil  the  fulminating  incrciiry.  In  nliout  a  monili 
•mall  white  shining  crj-KtaU  nrc  deposits),  convicting  of  p)Ta- 
midiil  oclnlietlrons  and  rectangidar  foiir-sido<t  prisms.  When 
lieatcd  nil  n  i>>lip  of  paper  tliey  e.xplode  with  a  lou<l  and  sharp 

Hnport,  Bocompanied  by  a  green  flame.  They  explode  also  by 
percussion  and  friction,  and  when  healed,  ihey  explode  likiv 
wise  when  in  contact  with  sulphuric  acid.* 

1&  I'Hlmiitale  of  merruri/.     This  lit  the  «idt  originally  dis- 
by  Mr.  Howard,  whoite  process  for  preparing  it  is  a<) 
It  ^HhoIvc  by  meiniN  of  Jient  lOO  grains  of  mercury  in 
A  mcunred  ounce  and  a  half  of  nitric  acid,  of  iho«iM-citic  gravity 

»ef  about  I'D.  Pour  tliU  nolution  upon  two  mciLiureil  ounces 
of  alcohol,  and  apply  lieut  till  the  mixture  brginit  In  effervesce. 
The  fulminate  of  mercury  gradually  precipitate!*.  It  b  to  be 
washed  and  dried  in  a  low  heat, 
ftp  It  is  very  little  soluble  in  cold,  but  more  soluble  in  boiling 
water.  Mr.  E.  Davy  lias  ohserved  that  when  exposed  to  a  cer- 
tain temperature  for  a  Itctle  lime  it  undergonta  partial  decom- 
position, by  which  it  loses  ilA  while  colour  and  its  explosive  pro- 
p4>rtirH,  When  recently  made  it  explodes  in  dry  chlorine  gaa 
with  a  largo  n-liit<!  flame  ciiid  the  production  i>f  a  white  cloud. 
Its  constituents,  according  to  the  analysts  of  Mr.  I^vy, areas 
,  iVillows ; 

I  atom  fulminic  acid  .         .         5*35 

I  atom  oxide  of  mercury    .         .       13'5 
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19.  DjfutmiHaU  of  Mtrcnr/f.  When  a  weak  solution  of 
Initrated  Hulinxide  of  mercury  ih  added  to  liquid  fulminate  of 
jxinc,  a  dark  iron  gray  precipitate  fiills,  wliich  is  tJie  substance 


'  B.  Davy,  p.  41. 


t  Ibid.  p.  ii. 
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(Mnvi.  in  quntion.  After  beinff  wssIimI  and  dried,  it  explodes  by 
percussion,  but  more  feebly  titan  the  preceding  salt  It  Aat*  , 
not  explode  by  strong  Rulpliuric  acid.  Wlien  heated  oo  >  ilip  | 
of  platinum,  it  goes  off  somewhat  like  |;iin-]>nwdcri  produnag  i 
a  Butt  of  white  lighL  In  chlorine  f^i  it  it  decomposed  vHt  i 
a  feeble  explosion,  nnd  a  whtt«  cloud  and  dtunc  are  produced.*  ' 

20.  l\<]itiinate  o/'sUn-r.    This  is  the  salt  ori](inaUy  prepared 
by  Howard,  by  the  siime  process  us  llial  by  which  fuliniiutiif 
mercury  was  obtained.      Bnignatelli's  process  is  very  emy. 
He  puts  into  a  beer  glass  lOO  grains  of  dry  nitrate  of  mlvfi,  ■ 
and  pours  over  it  one  ounce  of  alcohol,  and  a^  much  tnwfcjwy  ^ 
nitric  acdd.     An  efl'erveftceiice  takes  place,  and   fulminatiaf  I 
nilrer  formed.-|>     Liebig'H  process  b  to  dissolve  I  part  of  silfc  | 
in  *J0  parU  of  nitric  itcid  of  tlie  specific  fp^vity  r367,  audio 
pour  over  the  solution  '26  parts  of  alcohol  of  tlie  Bpccific grant)' 
0*84.     I'he  mixtarc  being  ratsod  to  the  boiling  temperaurc^ 
and  kept  in  tluit  state  till  a  muddincss  begins  to  appejtr,  it  it 
then  taken  from  the  fire,  and  to  mmlenitc  the  boiling,  '26  para 
of  alcohol  are  added  by  small  cjuantities  at  a  time. 

Fulminating  silver  is  deposited  in  small,  white,  opaque 
needles.  When  taken  internally,  it  acta  aa  a  virulent  )>oiw& 
It  doet  not  act  on  litmti*  ]>nper.  It  it  anhy<)rons,  or  coolaiH 
only  tnicen  of  water.  When  ex^MMed  to  the  light,  it  beoMMi 
black,  and  iK  deeoin]toNe<l,  ciirbonii;  acid,  axotic  gas,  and  vapour 
of  water  being  given  out.  When  heated,  it  explodes  willi 
great  violence.  It  vxplMlcd  also  by  percussion  and  fiictiai, 
and  the  contact  of  coucentratcd  sul])hiiric  acid.  Wfaea  pu( 
into  dry  chlorine  gns,  it  explodes  with  flame,  and  a  loud  repwt 
36  parl»  of  boiling  water  dissolve  one  part  of  fulminate  of  at 
ver,  but  it  ts  again  precipitated  when  tlie  liquid  cools.  Ir  dis- 
solves easily  and  completely  in  liquid  ammonia. 

We  have  two  analyses  of  this  salt  which  so  fat  agnt,  tluu 
they  Hhow  tho  *alt  to  be  a  compound  of  an  atom  of  scitL 
and  an  atom  of  oxide  of  silver,  thougli  they  are  inconukUal 
with  each  other  as  fiir  as  the  elements  of  the  acid  are  concerac^- 
Mr.  Edmund  Davy  found  the  salt  composed  of 


1  atom  fulmintc  acid 
I  atom  oxide  of  silver 
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•  E.  Ds-ry.  p.  it. 
I  E.  Dfj,  p.  18. 
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FULMINATKS. 


According  to  the  analyMt  of  Cay-Lussnc  and  Lisbig;,  tli«  Mfl- 
•tituent^  are 


I  ntotn  fulminic  acid 
1  Btoin  oxide  of  silver 


U-75 
I9» 
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I  bave  iilraady  pointed  out  the  difierenee  in  tlic  conttitution 
of  fulminic  acid  to  whicit  thefi«  two  analyses  Icikd-t 

21.  Fulminate  of  gold.  When  a  wi-alc  Kolution  of  chloride 
of  ^oltl  is  added  to  liquid  fulminate  of  burytes,  a  dark  precipi- 
tate alowly  aeparat«!i.  When  washed  and  dried  on  tJie  filter, 
it  baa  a  chocoliite  brown  colour,  and  explodes  with  a  loud  re- 
port, and  a  reddish  fbme,  by  heat  or  percussion.  It  is  soluble 
iu  dilute  muriatic  acid.     Nitric  acid  decomposes  it. 

When  tho  liquid  from  wltieh  tbe  preceding  fulminate  haa 
prcnpiCaled  is  evaporated  after  liltnitiun,  it  yields  small  yellow 
crystals  in  si.\-side<l  prL'«in«,  which  explode  by  heat  and  pcr- 
auKion  witli  a  rcddiwii  and  yellowish  flame.  Whether  theHe 
crystals  In-  tlie  Mamr  ns  the  chocolate  powder,  or  whether  they 
counliluce  a  dilTercnt  species,  has  not  been  ascertained.^ 
.  2J2.  J-Sdminate  nf  platinum.  It  may  be  obtained  by  adding 
a  solution  of  sulphate  of  platinum  lo  liijuid  fulnunate  of  har)-te« 
as  long  as  a  precipilale  faltn.  A  dark  bruun  HulMtance  gradu- 
ally separates,  which  when  washed  and  dried  \*  fulminate  of 
platinum.  When  heated,  it  i»  dei^mpon-*!  with  a  hissing 
noiae ;  by  pcrcusnion,  it  is  decomposed,  producing  smoke,  but 
scarcely  any  sensible  noise.  This  substanoe  consistH  chiefly 
of  sulplialc  of  bar}'lcs.  Dut  the  liquid  from  which  it  separate! 
when  evaporated,  deposites  pure  fulminate  of  platinum  in 
minute  rhombic  pri<inis  having'  a  yelluwi^i  brown  colour,  and 
exploding  loudly  by  licnt  and  j<ercuK>^ion.} 

S23.  fulminate  t^  paliatHum.  Nitrate  of  palladium  being 
added  to  fulminate  of  barylcH,  »  dark  brown  suhtitsnce  gradu- 
ally iaila,  whicJt  after  being  wiulinl  lUid  dried,  explode*  by 
fa«at  with  B  reddish  flame.  This  fulminate  has  a  dark  browa 
colour,  and  L«  tasteless  and  insoluble  in  water.|| 

'i4.  Fulminate  of  eJttvtHium.  This  compound  may  be  funneil 
by  treating  fulminate  of  barytas  with  sulphate  of  chromium. 
1'he  filtered  Holution  aAer  evaporation  yields  minute  crystalt 


*  Ano.  de  Chim.  et  de  I'liyt.  uv.  itH. 

t  See  page  93>  of  thn  volume, 

\  B.  tHTf.  !•■  H-  #  Ibid.  |>.  y». 
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ciw  VI.    of  fiilminnu*  of  dironiium,  luving  a  yellou'Ub  green  colout, 

■ They  are  soluble  in  water,  and  tlie  soIiiUod  hsa  ■  sweet  uiil 

Bli^lilly  astringent  tuttte.     TUey  explwle   by  pcrcuiwion  uul 
litf«t,  producickg  u  fiH'bic  rrport,  aud  a  roddisb  fliUDi-.* 


SKCTION  v.— or  BITLPIIO-CYAKODI DKS  AND  IIYDIIO-«i;i 

fVANATKS. 

From  ibe  account  of  liy<Iro-«ulplio-c)'anic  acid,  )preti  in  f»gt'\ 
241  of  tbiN  voltime,  it  appears  to  liare  for  its  base 
pound  of 

'2  atoms  sulplitir  .         ■ .        4 

I  atom  c)-aaogeti         .         .         3*2d 


"•2fl 

'i'o  which  die  name  of  «W/iA(w^«o^«  baa  been  givca.  ITii* 
ba«c,  unitcil  to  one  atom  hydrogen,  cmistitutes  the  hydn-W- 
pbo-cyaiiie  acid,  or  tlie  suljtAiirrttrel  rhjtasic  ncid  of  Porreti. 
Mott  of  tlie  Kidine  ctnnpoiiiidH,  iiitu  which  this  acid  rpirnr 
would  uppiMir  to  bft  cumjxiundN  of  Milpbo-cyuiiogrn  and  iIk 
respective  )»srs;  but  as  the  subject  lia.^  not  yet  bern  raft- 
ciently  cleared  up,  I  have  prelixeil  iMith  nuinc«  to  tlib  secdMil 
tliongh  1  aia  of  opinion  ibat  most  of  the  salts  (except  the  GrM} 
hltv  in  hxl  Hulptiu>«yau(Hli(les. 

1.  Ifi/dro-snl/iAo-a/atiateofaMmoiiia.  Liquid  ammouiadi*- 
Kolves  very  buli^  hydro-suljibo-cyanic  acid.  When  ibe  Bob- 
Uon  b  eviipurutcd  tlif  ubole  of  ibe  auinioiiia  in  di»ciigag«dt 
Tbia  ball  does  not  cryBtullize,  hut  i»  .-loluble  iti  alcohol.; 

'2.  Si^pho-cyamtdide  of  potasniiim.  This  iwlt  may  Ik  ob- 
tained by  mixing  together  eijiuil  weights  uf  flowers  of  sulphai 
and  coiiinion  prusoiate  of  potash,  pn-viouidy  deprived  of  ilt 
u>ator  and  n.'<lui'i>d  to  rhe  Male  of  a  line  powder,  and  ftuiog 
tiie  mixture  over  a  Kpirit-Ump  al  a  temperature  ii  little  below 
ignition.  Wbrii  the  fiu'M-d  niii^s  has  became  cold  diMolre  it 
iu  water  and  drop  into  the  solution  caustic  pota»li  till  all  the 
oxide  of  iron  is  thrown  down,  then  filter  and  evaporate  to  di)'- 
nena.  The  <lry  salt  ilius  obtiiined  (if  too  much  jHitasli  baa  not 
been  Eidded)  \s  siilplio*^uiio<lide  of  putiuaiuiu.  It  crystalliio 
ill  long  colourless  channeled  pri»ui&,  aud  uecdivs  terminated 
by  four-sided  prisms.  Its  tji^Ic  is  bitinjr,  and  Mmilur  to  thai  of 
radishes,  but  it  Imveii  a  saline  and  nxiltng  impression  in  ihi' 
month.     It  i»  poi<«onuiui.  and  acts  us  a  narcotic.     \\'hen  heated 

•  E.  Davft  p.  IS.  )  Wiiihkr.  %  Poncit. 


SULPHO-GTAMODIDBI),  AND  lirDnO-SULniO-CyAttATKfl. 

it  melts  into  n  tram[>a»iit  liquid,  wliicli  aMiimcs  u  crystalline 
Icxturv  on  cooliit);.  If  Hir  be  excluded,  it  may  be  ignited 
willioiit  (ItH-umpiMilioii;  but  iii  tin  open  vvtwel  it  is  ^radtiully 
converted  into  sulpluite  of  potusli.  Accordtn;^  to  Poiret,  it  i^ 
deliquescent,  and  I  have  found  it  bo  in  my  lubDralory.  It  is 
Teiulily  soluble  in  ulcnhol.  lis  constituents,  according  to  lb* 
analysis  of  llewelius,  are 

1  atom  MilpliD-cyanogea         .         .         7-25 
1  atom  [tolaiMiuni  .        ,        .         & 

12-25 

3.  SulfAo-cyatmdiiie  uf  sodium.  Tliis  wilt  crystallizes  in 
rhomboiiU.     It  is  deliquescent,  and  soluble  in  alcohol.* 

4.  Sulitlio-cgaivKliile  of  hariiaiL  A  deliquescent  salt,  crj**- 
tallixing  in  lon^  blender  jitiiims  of  a  brilliant  white  colour. 
Tills  Hilt,  according  to  Uic  analysis  of  Mr.  Porretl,  is  com- 
posed of 

Hydro-sulpho- cyanic  add         .         .         30-1 
Barytes 69-9 


DoubtleM  tlie  true  constituents  are 
I  atom  Hul[>ltoM;yanogen 
)  atom  bariuDi 
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uIplto-cyaniMlidii  i^  utroiUiiim.     A   deliquesce  lit   Hdt, 

erjrataUixiiig  in  long  slender  prisms  in  groujks  radiating  like 
x*olitc. 

6,  Stii/t/to-c!faHO(lidt  q^  calnum,  A  deliquescent  wit*  so- 
luble in  alcohol,  firom  wliicli  it  may  be  obtained  iu  n  moss  of 
needle-fonn  crystals. 

7.  HulpAo-cj/amdide  iffmagnemum.  A  deliquescent,  incrys- 
lallizable  tudt.     When  <lric<l  it  has  a  mlcuceotts  appearance. 

8.  Snlpho-eyaiKxiidf  ofa/uniiaHm.  It  crystalliiEes  in  octahe- 
drons, and  lioKH  not  deliquesce. 

9,  Ujfdro-iatlitho^ifaHate  ((firoN.  This  salt  may  be  obtained 
by  dtsAolving  iron  in  an  aqueous  solution  of  hydro-sulpho- 
cyanic  acid.  It  luis  a  Hk'''  bluish  green  colour,  a  sweet  and 
astringent  taste,  and  reddenn  litmus  [unper.  Ttie  salt  is  very 
soluble  in  water.     The  solution  becomes  re<l  when  exposcil  to 


•  Putrcti. 


cuaVL    tli«  aiff  or  wlu'u  laixed  with  cbloriiie,  nitrous  acid,  &c. 

'  tlie  Kame  time  deposit**  a  yellow  ochre,  cottSMliii^  vf  a  uil»lL 

10.  IIj/dro-sulpAo-cfffinatixt  //eroxii/e  (if  iron.  A  »Jt  of  a 
bcautil'ul  criuisoit  colour,  deliq^e&c«n^  aud  odIv  obtainalilp  tna 
solid  form  by  exposure  to  an  atraosjihere  artificially  dried. 
\\'hen  in  a  solid  ntatv  it  np|K-ars  bl»«k  by  reflated  lij^liU 

11.  Sn/pfi't-ci/an'Mii'lr  of  mrmganeM.  A  colourless  italt,  rcry 
soluble  in  water,*  but  almost  insoluble  tit  Hl)so]ntc  alcohol. 

12.  Sulpho-cganodidt  ((f  nickel.     Very  soluble  in  u'ntfr.f 

13.  Sulpho-ctfanodidc  of  cobait.  It  may  be  obtained  by 
mixing  an  aijucou-s  solution  of  sulphate  of  c-olialt  with  ihe  al»- 
holic  solution  from  which  .iul|>bo<cyHno(lidt>  of  potaRdum  ha 
been  precipitated.  The  sul))h»-cyanodide  «hoota  into  blue 
coloured  priNins,  u-hlth,  when  exjMMcd  to  the  air,  l)«>eoine  finit 
violet  and  finally  of  a  rose  red  colour.  Uy  the  ad<liti«fl  of 
water,  they  become  neatly  colourleas;  but  alcohol  restom  the 
blue  dolour  a|{iiiii4 

14.  Sulpho-cyanodith  of  zinc.     Very  tolnble  it!  water.} 

15.  Sulpho-cyttRodide  of  Uad.  It  cryKtullixes  ui  rhotnbohe- 
dron&,  and  delitjuesees  in  a  moi*t  atinoi!.])herc.  || 

16.  Suipbo-ryiinfKtiiU:  of  tin.    Very  soluble  in  waler.f 

1 7.  Hpdii'-nu/p/m-cf/anate  of  suboxide  of  enpjtfr.  Thii 
may  be  obtained  by  digesting  hydratcd  subuxide  of  copper' 
liydro-sulpbo-cyanic  add.  It  is  a  while  powder,  iusoluble  in 
water  and  in  most  wkxAh,  (lecoinpofiibtc  by  alkalies  or  by  difr. 
tillation  with  Mil  ainmnniac;  also  by  mixture  with  pernitnile 
Af  Iron.  When  mixed  witli  five  times  its  weight  of  ehtontr 
of  potash  it  explodes  by  hent.  friction,  the  contact  of  sulphuric 
acid,  or  the  electric  spork.  This  »ll,  according  to  the  inityiis 
of  Mr.  Porrell,  cnnfirme<l  and  amended  by  the  sub«eqiient 
analysis  of  llerzelius,  is  composed  t*i 

1  atom  liydro-sulpho-ryanic  acid         .         ,         7*37A 
1  otom  fiuboxtde  of  copper         ...         0 
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18.  ^tilpho^yauodide  of  copprr,     'ITiis  snlt  mav  be  formed 
by  mixing  t.>ir<.tlicr  solulions  of  sulph<M?j-imodide  of  soda 
sulphate  of  copper.     It  is  then  in  the  state  of  a  brtrlit 
green  liquid,  to  which,  if  any  deoxidijiing  subsumee.  m 
phurous  acid,  au  alkaline  sulphite,  or  the  salt*  of  proto; 


1 


Porwrll. 
Idpm, 


t  Idem. 
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tin  or  iron  be  added,  the  hydro-«ulplio>cyumted  suboxide  falls     an*."*.  ™ 
in  (he  state  of  n  vrliite  powder.* 

19.  S»Ji'/i»-c}/aiiotii<ti-  ofbismulli.     Very  soluble  in  water, 

20.  DUvlpAo-ci/aiiodide  of'  mercury.  When  solutiona  of 
aulpbo-eyaiiodide  of  potash  and  nitrated  suboxide  of  mercury 
are  tnrxeil  a  white  precipitate  falls.  When  this  mntier  is  dried 
ill  a  (empvrature  below  ignilioii,  ii  liuildeiiiy  ftwelU  up  (ntiile 
nzotic  |ru9t,  bi]tulplmr«t  of  carbon,  ami  mercurial  vapours  are 
Rivfii  off,)  to  n  miuw,  coDNiKUn)^  of  frothy  plutox,  nut'inbling 
grapluie,  iitill  coiilaiiiiiif;  cyaiiugt-ii,  and  u-hicli  i»  ncitlicr 
attacked  by  boiliii|r  potash  nor  by  most  of  tJic  acitU;  but  which 
nitric  acid  first  renders  yellow  and  then  dissolves,  while  deut- 
oxide  of  axote  is  disengu^d,  and  which,  by  an  additional  beat, 
■9  converted  into  cinnabar.f 

When  re<l  oxitle  of  mercury  is  dbaolved  in  bydro^ulpho- 
cyanic  ncid  uiul  the  solution  concentrated,  white  irregular 
pri.iinH  lire  di'jio.iitcd,  Imving  a  fthnrji  ineLdlie  1iu>le.  The 
re»i<lui'  being  bi-ut>.-d,  gives  out,  wilb  much  violence,  azotic 
gas,  bisnipburct  of  carbon,  and  a  peculiar  gas,  (probably  buI- 
pho-cyanogcu ) ;   finally,  cinimbHr  sublimes,  and  there  remains 

yellowif-h  or  brownish  siib«tnnce4 
II.  Sutfi/io-et/anoditb^  of  inlver.    When  RolutiottK  of  »ul])ho- 

inoditle  of  ;>otn«*iuni  and  nitrate  of  Nilver  are  mined,  n  while 
ciinly  precipitate  falls  which  is  the  Kail  in  qui-ntion.  When 
exposed  to  tlie  light  it  Maekens;  but  not  so  much  as  chloride 
of  tiilver.  An  aqueous  solution  of  chlorine  decomposes  it  into 
chloride  of  silver,  sulphur,  ammonia,  and  carbonic  acid.§  his 
aoltible  in  ammonia. 

23.  Stdpho'Cifanodidt  of  ffolit.  SuIplioHrj'anodide  of  pota»- 
■ium,  when  mixed  with  a  solution  of  chloride  of  goM,  throws 
down  a  flesh-red  precipitate,  which,  uceording  to  Cirotthnss, 
when  treated  with  miirintic  acid,  becomes  purple.  The  alkalies 
expel  some  bydro-6iilplio-cyunic  acid,  Bn<l  give  it  a  yellow 
colour.  It  dissolves  in  a  solution  of  sulpliO'Cyanodide  of  potxis-' 
sium  with  a  purple  colour.  It  dissolves  readily  in  liquid  am- 
monia. 

23.  Sttlpho-cffanodide  qfphtitmm.  A  yellowish  white  bulky 
precipitate,  readily  soluble  in  acids,  and  in  aqueous  solutions 
of  the  alkaline  nmrinies,  from  which  it  is  again  tiirowu  down 
by  aU'ohnI  in  yellowish  while  flocks.  || 

34.  SalpAo-tytmodide  tjf  paiiadium.     Very  soluble.^ 

•  Porreti,  +  Wohltr,  Gilbert'*  AimalcD,  bix.  872. 

t  BcrwIitM.  ^  Grottbua*.  (Id.  1  I\irrc4t. 
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'25.  SuJplio-ct/anoditle  of  chromium.     Very  soluble. 
'28.  Sulpho-cffanodide  of  Hramum.     Very  soluble  ia  water,f 
insoluble  iu  alcoboL^ 

'27.  Sitlpho-ctfanodide  <if  molyMenum.     Very  soluble.} 


< 


SKCTION  Tl. or  HISULPIIO-CYANODIOES. 

Tliis  genua  of  salbi  is  still  almost  unexplored,  »  few  only 
liave  been  noticed  by  W<>hler.|| 

1.  Ifisulfiko^ifanodideoffiofaxnum.  An  cx<;o««  of  sqaMs* 
iwhtttoii  of  putitsli  is  poun-d  upon  liyHro-bUiil{>bo-c%-ani<:acii^ 
the  silt  prpcipttateH.  Pour  oiTlhc  yvllow  liquid)  and  watlilbe 
salt  witli  Rlcobol.  A  red,  tnin«Uiccnl,  brittle  matter  is  nbtaiaed, 
wliicli  is  the  salt  in  question.  When  heated,  sulphur  it  di»- 
vDgaged,  snd  sulpho-cyanodiile  of  polasaium  rrnuiiiis.  It  dis- 
solves readily  in  water,  and  stightly  in  liquid  potnsh. 

2.  Biaitlpho-^yanodide  of  barium.  Hydnvbixulpho-cyank 
actd  19  but  little  soluble  in  harytes  water. 

a.  liisiiIfiAo'it/anodide  of  lew/.  The  salts  of  luad  giv«  with 
a  solution  uf  bisulpho-cyunoclide  of  |>ot«s«iuni,  u  lemon  yellow 
prei-ipitatc. 

4.  The  nitrated  niboxide  ftfrnermry  produces  a  dmiiar  pra- 
eijiitate. 

5.  yitrate  ofsilrvr  when  mixed  with  the  same  sitline  tolul) 
giveti  a  dark  yellow  precipitate. 

SHCnON  VII. — or  l>Ht'RSI ATEM,  or  rEltRO-CVANODIDEdJI 

I  have  given  an  account  of  the  hydro-Jtrro-eyanic  add  in  page 
249  of  this  volume.  It  is  well  known  that  the  Siilt  formerly 
known  by  the  name  ot  phlogitticatrd  alAali,  aftvrwnrds  byUiU 
of  prussiale  of  potash,  and  which  Mr.  Porrell  more  Imrfy 
de^giiated  by  the  name  oi frrro^hjinsic  arid,  \ai&  the  property 
of  precipitating  the  greater  numbt^r  of  ()ii-  meials  ftoin  their 
ncid  Aolutionti,  and  thetie  precijiilatcn  are  distiiigui«bed  by  a 
variety  of  colour*  clianicteriitiijg  the  prtitnihir  metals.  Whether 
this  bydro-forro-rj'iiriie  ncid  be  a  pecniuir  compound  and.  «r 
whether  it  be  merely  a  )>oIution  of  an  atom  of  cyiiiiodide  uf 
Iron,  in  two  atoms  of  hydro-cyanic  aeid,  has  not  been  yeltfc- 
termined.  Dul  there  can  be  no  doubt  that  a  set  of  doublr 
cyanodides  exist,  one  of  the  constituents  of  which  n  alwnv* 
cyaiiodidc  of  iron.  1  shall  give  an  account  of  ilu-se  donblc 
salu  in  tJie  present  section. 

•  Porrctl.  f  1.1.  X  Bnutdn.  ( M. 

II  OlUjCTt'.  AnMlen.hU.  aTl. 
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1.  Hydro-firro^aftalt  of  atnmrmia.      Tliis  salt  vrus  dis-    *«■  ""- 
covered  by  Mucqucr.     It  forms  lii.-.\aiig^lur  crystals  of  a  light 

^leInaIl-yt■llow  colour,  'a  vury  soluble  m  water,  aiid  deliquesces 
wlicit  exposed  to  l\w  uir.     It  has  not  been  anulyxed,  but  is 
probubly  a  compound  of 
3  atoms  liydro-cyanate  of  ammonia  .         .         II 

1  atom  cyaiioUide  of  iron  .  6*75 

*  17-75 

2.  t'erra-ctfattodide  t)f  jpoUu*iiim.  'V\ix»  wilt  U'liich  Is  the 
most  important  of  all  lb«  double  cyuuodidcs,  luut  been  described 
in  page  *J49  of  thi»  volume.     lu  conNtituvntK  arc 

2  atoms  cyanodide  of  poUiasiiim  .         .         16*5 

1  atom  cyunodidc  of  iron  .  .  6-7.'S 

8  atoms  water  .         ,  3-375 


2(i-fi'25 
3.  Hedferro-cyaitoJide  of  potaMtum.  'I'hii  salt  uiis  disco- 
vered by  M.  1..  Gmelin,  and  described  by  him  in  the  yew  1622.* 
Mr.  .luiinHtoii  ubiaitied  it  in  minucu  quunlitit-H  in  1827,  and  in 
Ititit^  Inid  an  account  of  ito  {iropertii-n  unil  an  aiudysisofit 
before  the  Koyal  Society  of  Kdiiibur)(b,  which  was  afterwards 
published  in  the  Kditibur>;h  'rniusiictioiis.f  The  easiest  method 
of  procuring  this  suit,  is  to  reduce  tlic  preceding  sail  to  pow- 
der, and  to  expose  it  (o  an  utmospticTC  of  dry  chlorine  gtut  till 
its  colour  becomes  dark  red.  It  is  tlien  to  be  iliMolve*)  in 
water  and  crystallized.  The  crystals  obtained  con^  of  the 
new  n:ilt. 

'I'bt;  crystals  liave  aii  aurora  red  colour,  are  Iniusparent.  and 
con&bu  of  doubly  olili<)ue  prisms,  the  laces  of  which  itre  inclined 
to  each  other  at  aii^le^  of  about  lOU*  and  80*.  The  prism  is 
lutially  terminated  by  a  four-Kidctl  pyramid,  thtf  faces  of  which 
arc  inclined  to  the  corresponding  fnccA  of  lh«  prism,  at  nnglo« 
of  137".  The  powder  of  (his  salt  is  orange  yellow.  It  bos  a 
wndi,  aitriugent,  and  saline  ta<>te.  It  do4-A  mrtact  upon  vf^e- 
tnble  blues.  The  crvslaU  decrepitate  when  healed,  and  fall 
down  in  the  siatt^  of  a  brown  powder,  give  out  cj'anogen  gas 
with  some  axottc  |^u,  anil  leave  n  grayish  black  porous  matter, 
from  which  u'<itor  extnicis  cyanodide  of  potassium,  prusslate  of 
potash,  and  tcrcarburct  of  azote.  \N'hen  sulphuric  acid  is 
poured  on  this  »alt  it  gives  out  chlorine,  and  when  heated, 


•  ScbweJggtr'v  Jour,  xkhiv.  SSd- 


f  Vol.»i.p.  210. 


■  VI.    hydro-cyanic  acid  gas.      M.  L.  Omelin  concluded  from  kw 
experiments,  tluil  tlii*  nit  is  a  compound  of 

a  nloms  potaKsium  .         .  15 

2  atoms  iron  ■         •  7 

6  atonu  cyanogen  .         .  18*5 
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But  frow  tlie  ftxperimenta  of  Mr.  Johnston  it  is  evidont  iLal 
ihoM  cotuttituciitti  cannot  represent*  tlic  true  constitution  of  tlie 
■■It  He  found  llint  when  common  pruMintc  of  potaib  an 
exposed  to  llic  Mtioii  of  clilDrine,  nothinf;  vrus  f^iven  out  cxccp* 
water,  and  tlialQe-eSSgniimiof  tlie  sail  lost,  wlion  tlius  trctled, 
3-375  ^uinti  of  water,  iinil  gained  aliiwst  exactly  *2-2&  gnim 
by  tlie  ubttorptioti  of  eliloriue.  Now  2-*2S  '»  liiilfnn  aUMttf 
cbloriiic.  It  appears  from  this,  if  we  can  confide  in  Mr.  John- 
aton'a  experiments,  that  tlie  only  difference  b«tu-ren  ilib  nb 
and  the  commnn  prussiate  of  potaAh  U  the  substitution  of  luilf 
atom  of  chlorine  for  the  three  iitoma  of  water  which  that 


an 


»alt  contain!).     Hence  its  coustiluents  are 

2  atoms  c)'Biio<Iide  of  potassium 

1  atom  cyanodide  of  iron  . 

^  atom  chlorine 


16-S 
6-75 
S-2S 


In  what  way  tite  chlorine  exists  in  tbo  salt,  has  not  yet  beoi 
explained  in  a  kiitUf;K'tory  manner. 

4,  Frm>^;tittwdiiie  ofstxiinm.  This  sale  may  be  forntcil  by 
n  process  siniihir  to  tliat  fur  forming  ferro-cynnudide  of  palB»- 
sium,  substituttn)r  sotU  for  pot:i»h.  l-'or  the  first  detailed  dc- 
scripUon  of  it  we  were  indebted  to  Dr.  Johu.  Its  colour  b 
yellow.  It  crystallizes  in  four-sided  prisms  lerminated  at  boiL 
extremities  by  dihedral  summils.  They  are  iniiispareat  asd 
have  a  bitter  taste.  When  left  in  a  wimn  phicv  tliey  fall  dowa 
in  the  ktate  of  a  white  powder,  and  lose  37^  per  cent,  of  ibeir 
wcighL  At  the  temperature  of  55"  they  require  \\  timet 
tlieir  weight  of  water  to  dissolve  ibem,  but  they  are  much  more 
soluble  ill  boiling  water,  a  portion  of  tiie  salt  cryHtaUixii^  M 
tbc  solution  c«(oU.  The  specific  grnvily  of  the  crystulsts  T-UA 
They  are  soluble  in  alcohol.*  Its  consiiluenlA,  as  determiiicii 
by  tliv  analysis  of  Bcrzellus,  are  as  follows : 

•  OtIilM'a  Jour.  !d 


PHUSHIATIU,  OR  FERRO-CVANODIDE*. 

2  atoiiw  cyanoilide  of  Aoclium       .         .       13*5 
1  atom  cyniiodtde  of  iron  .         .         6'76 

IS  atoms  water  ....       I3'A 


eoa 

lVIL 
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5.  Frrro-eyanodid«  af  barium.  For  ibc  first  nccurat«  <le- 
■eription  of  fhU  salt  we  are  indebted  to  Dr.  Henry.  It  may  be 
rono«d  by  iulding  prujuinn  blue  to  hot  l>»rytoi«  wuter  (ill  it 
orasrit  to  be  diKooloured.  'I'lte  solution,  wlieii  filtered  and 
genlly  f  voporate*t,  yields  crystals  of  ferro-eyanotUde  of  barium. 
These  cryitUds  bave  tbc  figure  of  rboinboidal  pritiniH,  they 
tvt  II  yellow  colour,  and  are  w>luble  in  I9'20  parta  of  cold 
r,  and  in  about  100  (kortn  of  boilin|ir  witter.  in  a  red  beat 
ley  are  decomposed,  die  add  bein)^  di-^'troyed,  'Iliey  are 
•oluble  in  nitric  und  muniitic  acids,  siilpbtirJc  ncid  occiutioiiH  n 
precipitate  of  sulpbalc  of  bnrytes."  Accordii^  to  the  aoalysiK 
of  Porrotl,  rectified  by  tite  subsequent  experiinentH  of  B«rz»- 
liuA,  its  constituents  are 

2  atont!)  cyaiiodide  of  barium     .         .       23-5 
I  atom  cyanodide  of  iron  ,         ,         6-75 

6  Htoms  water  ....         6*75 


3700 

6.  Frrra^tfomxiitlf.  nf  xtrontium.  This  salt  was  also  first 
examined  by  Dr.  Henry.  It  may  be  formed  by  the  same  pro- 
oen  B»  the  last  species,  but  the  solution  does  not  crystailixe 
ne«riy  so  readily.  When  evaporated  to  dryness  it  does  not 
deliquc«ce,  and  ix  ogam  soluble  in  leM  tluin  fotir  ports  of  cold 
walcr.t 

7.  Frrro^nmiodith  of  calcitim.  This  salt  was  perhaps  first 
mentioned  by  Mr.  Hagcn,^  but  we  arc  indebted  to  Motveau 
for  the  first  acctiralc  uccoinil  of  its  properties  and  ])r^aration.§ 

Upon  two  parts  of  prii<»iiin  blue  of  commerce,  previously 
well  washed  with  a  sufEoienl  quantity  of  boiling  water,  to  se- 
parate all  the  foreign  sail*,  ab<nit  5G  paru  of  lime  water  are 
to  bo  poured,  and  the  mixture  mu*t  bo  boiled  for  a  «bort  lime 
till  the  lime  is  siitnrate<l  with  the  ferro-cyanic  acid,  which  is 
known  by  its  no  longer  altering  paper  stained  witli  turmeric, 
it  i«  then  to  be  filtcrc^l. 

This  liquid,  which  contains  the  ferro^yonodidc  of  calcium 
in  solution,  has  a  greenish  yellow  colour,  ita  spcciiic  gravity  i» 

*  NieholMin'i  Jour.  iii.  17a  -f-  tlnd.  171. 

t  Crell'*  AdiuJs  ITM,  I.  89|.  §  RBcyc.  Method.  CMra.  i.  9*9. 
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ciMtvi.    1*00^  and  it  hits  an  unplcoitant  bitterisli  taste.     Wlten 

poraUil  to  tlryne»  it  yields  small  four-sided  prisms  witli  trun- 
cnled  angles  Milublc  without  alteration  in  water.     It  is  in 
liil)le  in  alcohol.     Its  cunMitiienbt,  lu^ordinf;  tn  the  atiiilyititj 
Bcn«lius,  arc 

3  atoms  cyanmlide  of  calcium      .         .        11-^ 
1  atom  c)'atiodidv  of  iron     .         .         .  6-75 

12  atoms  wutor  ....        )')'5 


31*75 

6l  Ptrro-ei/atiodide  of  magtieaiitm.  ^\1icn  equal  welfcbts 
pmitbn  blue  iiiid  raagnetdaare  long  digested  in  a  flask 
ttunin^  A  Niiflicieiil  quantity  of  water,  we  obtain  a  yellow  sola- 
tion,  which,  when  evaponiletl  depo«itc<)  small  tabulnr  cry«tals«f 
ferro-cyanodidc  of  mtigneitittn).     They  deliquesce  in  the  tit* 

9.  I-'erro-cifaHottii/c  i>f'  aluminum.     'Iliw  salt  \*  obtiiinwl  by 
diRe^tiiiK  hytlrated  aliiniitui  in  ii  solution  of  hydro-fern 
acid.     Tlie  compound  formed,  if  neuiml,  i«  but  little  sol 
in  wsler,  but  it  dissolves  readily  if  it  contain  nn  excess  of  a> 

10.  Ferro-cyattodide  (^ijlucinum.  It  may  be  obtained 
tnixing  togellier  ferro-cynnodide  of  lead  and  sulphate  of 
eina,  and  after  decomposition  has  taken  place,  filtering 
liquid  and  evaporating;.  A  transparent  varniKb  is  obtained, 
easily  soluble  in  water,  and  often  tinged  blur  frcHR  a  com- 
mencement of  deoom)Mi«ition.f 

11.  Ferro-eyanodiile  of  i/flrium.  It  is  obtained  by  mixing 
tog^ethcr  solutions  of  rominon  pntssiulc  of  potash  and  inuriitie 
of  ytlria.  A  white  precipitate  falls,  which  after  a  certain  time 
becomes  pearl  ^ray.  It  U  insohible  in  water  and  acetic  acid, 
but  according  to  Klaproth,  tt  dissolves  in  muriatic  nc'ui. 

12.  t'erro-ainmnUiie  <{f  cerium.     Obtained  by  a  similar 
cess  as  tlic  Ia.M  salt.     A  white  precipitate  soluble  iu  ni 
acid. 

I-').  PruMxiatt  hluf.  Tliis  beautiful  pigment  it  formed  hy 
mixing  solutions  of  common  pruMiiite  of  potash  ami  |^cn  sul- 
phate of  iron  together.  A  light  blue  precipitate  Cills,  wbich 
is  wnslied  several  times  u  <lay  witli  void  water  for  sfreni 
weeks.  "We  colour  gradually  deepens  till  it  become  at  lut 
of  an  intense  blue,  witli  a  kind  of  metallic  lustre.  If  the  si 
phated  peroxide  of  iron  be  taken,  tho  preci])itnte  while  mi 
is  n  fine  blue,  bm  on  tlryiiig  it  becomes  black,  tutd  in  dcsti 
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of  beauty.  The  »olution  of  iirotoxidc  of  iron  gives  a  white  ^■'■^"■''' 
prccipitutr,  whicli  bccoini-s  ^rraduslly  blue  by  exposure  to  iJie 
air.  It  is  ta&tel^fts  and  (le<itiiiiio  of  comliitied  water,  but  it 
bolils  water  lodged  in  itt  yunvn  wiili  «o  much  niMtiiiacy.  that  it 
cannot  be  fr««d  from  it  uiileM  it  Ih;  c.xpoNod  to  ii  temperature 
of  275°  at  lea«l.  When  lieatei)  rauliou«Iy  \l»  colour  becomes 
lighter,  and  at  biit  almost  tvhite,  and  it  frivvn  out  rarlmnic  oxide 
gia,  car1>onic  acid  f^n%  liydm-eyanic  acid,  and  umnioiiia.  \\'boti 
bcal«d  U»  about  WO"  in  the  open  air  it  catdit-s  firv  and  burns 
like  lindvr,  wbilo  catlKViinle  of  ammonia  is  disrn^god.  Hot 
nitric  and  sulphuritr  ncids  destroy  it.  Cold  muriatic  acid  doe* 
not  act  upon  it,  but  this  acid  when  bot  deprives  it  at  first  of  it« 
blue  colour,  which  it  recovers  again,  while  some  liydroH^anic 
acid  is  diseiiii^ged,  and  some  iron  dissolved  by  (he  aci<l.  An 
aqueous  solution  of  sulphuretted  hydrogen  in  close  vessels 
rciHtera  prussiun  blue  while.  In  cold  ?>ulpljuric  acid  it  becomes 
white  and  gelatinous  without  dissutvinfr.  Prussian  blue  is  in- 
soluble ill  water,  alcohol,  ether,  i>il.>  and  dilute  acids.  Its 
conBiitiivntx,  ai-cunling  tu  the  anuly.fis  of  Itcnu-lius  (whi<^i  in 
most  accurate)  are 

I    atom  iron  .         ,         8-5 

I     atom  cyanogen  .  d-'25 

1^  atom  water         .         .  1"7(*75 

From  the  phenomeiui  of  its  formation  mentioncil  above,  I 
think  it  prolntble  that  it  is  a  hydro-cynnnti>,  and  a  compound  of 
1  atom  hydnncyaiiate  of  iron,  and  '2  atmnii  of  byitro-cyanatcd 
peroxide  of  iron.  On  ihat  ituppo.'.itiun  (which  accords  better 
wilh  the  analyots  than  the  pn-c<.*ding  xtatement).  prussian  blue 
will  be  a  compound  of 

1    atom  hydro-cyanalc  of  irtm       .  7-67i> 

3   atoms  hydro-cyanated  peroxide  of  iron     lfl*7d 
IJ  atoms  water  ....         r7873 
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Common  prussian  blue  contains  a  conudvrublo  mixturu  of  iiiu- 
mtiia,  because  the  pigment  is  made  by  the  addition  of  alum  to 
Ihe  two  s(d)Slaim-H  which  are  essential  lo  the  formation  of  the 
pmnnian  blue. 

When  green  muriate  of  iron  is  mixed  witli  common  prussH 
alfi  of  potash,  a  white  prccipiuttv  falls  which  gradually  bo- 
comes  blue  by  exposure  to  the  air  (while  (lie  liquid  renuiino 
neutral).  The  prussian  blue  thus  formed  ia  soluble  in  water. 
It  must  therefore  be  washed  bv  a  solution  of  nl  ammoniac 


OmiVi. 
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The  aquc4>us  solution  of  tliU  prumian  lilue  is  not  pnciptalMl 
by  boiling  or  \>y  ulcoltol ;  l>ut  muriatic  acid  throws  it  dnmt, 
and  various  &alino  eolutioti^  Sulphu rotted  hydro^n  llirowi 
down  u  black  matter,  while  hydro-ferro- cyanic  acid  reraainstn 
flolulion.  From  llie  analysis  of  Berzeliu?*,  its  componrni  patis 
ippcar  to  be  precisely  the  same  as  lliose  of  common  pru&uaa 
blue. 

When  pruBsian  blue  is  digested  with  liquid  ammonia,  ami 
tliD  filtered  solution  ix  left  exposed  (o  the  uir,  ydlow  »lnni^g 
Kgular  flcialiedrons  arc  gmdually  deposited,  Thoy  kavo  i 
biting  and  bilter  tsisle,  and  a  smell  intcrmcdiiit*^  between  that 
of  liyilro-cyanic  aciil  and  animoniu.  \\  hen  pure,  tbcy  ue  ft 
cotnpuuiid  of 

1  atom  liydro-cyanate  of  iron  .  7-873 

2  iit<Kn»  hyilro-cyanate  of  ammonia  11 
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At  the  BOmc  time,  uritli  these  yellow  crystals  there  are  de 
wben  the  liquid  acquires  the  consistency  of  a  ayrup, 
needles,  which  dissolve  in  water,  ami  may  be  preeipitated  by 
alculiol  In  tlte  slate  of  a  green  syrup.  Ammonia  renden  it 
yellow,  but  llie  ^e«n  eolour  ii^rHin  appenrs  when  the  uniaoiua 
Is  driven  off,  and  at  Uie  tame  time  a  green  coloured  pigment 
falls,  which  has  been  di»linguislied  by  the  name  of  prutnm 
green.  Sulphuric  and  muriatic  iiciil  render  it  blue:  but  the 
deoxidizinj^  acids  do  not  po<e«eNi  that  property.  TbU  pnnuaD 
green  consist*  of  1  atom  protoxide,  uud  2  ninm's  peroxiile  af 
iron,  comhiiu'd  t-ach  with  hydro-cyanic  acid,  which  has  uuilo* 
gone  <i  mudificiition  not  yet  explained. 

Wben  the  common  prussian  blue  of  commerce  is  digested 
in  water,  and  tlte  aqueous  solution  is  sufficiently  concentrate!, 
it  occasionally  becomes  green.  When  we  saturate  the  Itqaid 
with  acetic  acid,  evaporate  and  mix  the  residue  with  alcolioli 
there  is  obtained  a  dark  jrre«n  uncry  stall  liable  matter,  bream' 
ing  dark  gny  on  exposure  to  ilie  air.  It  diAsolves  in  water 
with  a  green  colour,  leaving  behind  a  green  powder.  TUi 
salt  is  intiitiately  connected  witli  the  yellow  pntssinte  of  potash.  ' 
It  contains  the  same  proporlioits  of  iron  and  potassium,  the 
diFcrence  i«  owing  tu  the  state  of  the  cyanogen,  wliicli  ■•  un- 
floubtedly  the  same  as  in  prussian  green. 

14.  I-'erro-cf/f'Hot/if/e  t^f  maHffantite.      Pntaalalo    of 
throws  down  the  salts  of  manganese  white.    The  precjpii 
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neither  soluble  in  w»(er  iior  acU\»,  in  fUkiiliv^  giTUig  uff  hydro-    ''*^'''"- 
cyanic  tu.-i<l  aiid  pru(oxi(l«>  of  iron. 

15,  Ferni-ri/rtitotiide  iff  nirkti.  Wlion  ii  Holulion  of  com- 
mon pniv>.!Rle  of  potHblt  is  <1ro|it  into  any  of  the  nk-kel  &albi  a 
prmpibite  fiill»  in  the  »(ate  of  milU  white  flocks  wliich  becomes 
grwiiuilly  greeiiis])  or  ilirty  red. 

Ifi.  Ferro-ct/ano>ti'tf  af  rxAail.  I'ruxAtate  of  piita»li  llirown 
(l»wi)  a  ^rovnUh  yellou'  ])r<.-cipiliiU!  when  dropt  into  n  xult  of 
colull,  wliich,  oi>  cxpoiiirt-  to  the  iiir,  breuinos  f;riidiiii]ly  rcd- 
(livh  i^juy.  When  hcutpd  to  alioHt  OdU"  it  ;;ivc«  out  n-utcr  and 
Mime  liydro'Cynii.ilo  nml  carboiiulc  of  ainmonim  wliJlc  ii  fi-rro- 
oyaDodJde  of  cobalt  remains.  It  dis^ulveit  in  strong  »ulpliuric 
acid  wilb  a  red  colonr.  The  solution  beeomeH  gradually 
colourle^  wliik-  a  rt-d  cidourtHi  cryitidline  pAwder  fidlti,  wliidi, 
vci-onling  to  Beriii^liuHi,  ihii  Hul|dii>i(-d  I'c iro-cy an udide  of  cobalt. 

17.  Ferro^jfanodide  of  zitw.  FruAtiaU.'  of  poUKh  tlirowii 
down  a  while  ]iowiler  from  llie  salts  of  xinc.  wbicb  is  iiisolubU 
in  Wilier  and  in  iicid^ 

16.  Ferr»-c(ta>u>'Mf.  i>f  UmK  Pru»»iiitc  of  potash  tbrom 
tlown  a  whito  prrci))itat«!  from  nilrtilc  of  Ir.id.  When  bi-nted 
it  ^iTi-H  out  a  little  wilier,  and  ferro.cyii»odidc  of  lead  remniiifi. 
In  a  kir»n^or  hcnl  it  (rivi-s  out  mrbonic  acid  and  hydro-cyanate 
of  aniiiioniu,  .Su  I  pit  lire  I  ted  hydro^n  gaa  converts  it  into  sul- 
phtiret  of  IhuI,  snlphurct  of  iron,  and  bydro-cyanic  acid,  Its 
rwnHlilneiits  ns  determined  by  ihe  analy&ifi  of  Beraelius.  are 

t  atom  cyauMlide  of  iron  .         .         4>-7S 

2  atomi  eyaiiodide  of  lead  .         .       SS'S 

d  utomN  water  ....         S-STS 
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1ft.  Ffrro-rf/amdide  1^  (in.  When  pru*»ia(e  of  potmh  n 
dropt  Into  a  salt  of  the  ptotoxide  of  tin  n  white  precipitate  falk, 
whicli«  o«  exposure  to  the  air,  becotnet  yellow  by  the  ab«orp- 
tion  of  oxygen.     It  in  insoluble  in  water  and  acids. 

Wh«n  pnissiate  of  potasli  it  added  to  a  salt  of  the  peroxide 
of  tin  a  brownish  yellow  predpitale  in  thrown  down,  which  is 
insoluble  in  water  and  in  nikalies,  »i>d  which,  when  treated 
with  alkalies,  gives  out  hydrocyanic  acid  and  protoxMe  of  iron. 

20.  Fcrro-ci/aiKxtide  of  rop/irr.  Prniwiutc  of  fwla^li  tlirow» 
down  from  the  salts  of  copper  a  beautiful  brownish  red  powder, 
which,  when  healed,  pvev  out  much  water,  carbonate  and 
bydro-cyanate  of  amatonia  and  aiotic  gas.  When  digealed  in 
ammonia  it  dimiiiii>he(«  in  bulk,  and  becomes  green  and  crj's- 

II.  3  M 


cit»v:  tnlline.  Water,  by  abstracting  the  uninoitia,  restores  llw 
gnan  colour.  Strong  sulphuric  acid  gives  the  salt  a  gr«ciui)i 
yellow  \i-liit«  colour  and  diwiolves  a  small  (]ijantiiy  of  iL 
W'ater,  by  rcnioviiiK  tlic  ncid,  again  rMtori'M  tin-  n-d  colow. 
It  is  not  soluble  in  other  ttci<l«  nor  in  wattT,  Tlie  alkaH« 
abstract  liydro-cyniiic  iictd  and  protoxide  of  iron,  while  hy- 
dnted  oxido  of  copper  Bopiinitcs. 

21.  t'erro-ctfattodide  of  mercHiy.  Hrn-'wiate  of  pota<ib  liiru«i 
down  from  corrosive  sublimate  precipiuile,  which,  in  boiling; 
water,  gives  out  cyanodide  of  mercury,  while  cyanodide  of 
iron  remains  iimlissolred. 

thi.  Ferrxt^ganixliiic  of  ttlvrr.  FraisJat*  of  potnsb  throvt 
down  a  white  precipitate  Iroin  nitntte  of  silver,  which  beconw* 
Uuish  wbeu  dried,  or  even  when  simply  expnsed  to  ike  w. 
When  heated,  it  gives  off  first  the  cyanogen  comhine<l  wilfc 
the  ulver,  then  the  axotic  gas  of  the  cyanodide  of  iron,  bunu, 
and  is  converted  into  a  mixture  of  silver  and  hicarburel  of  iron.* 
It  dissolves  in  strong  sulphuric  acid,  with  the  exception  of  a 
yellow  matter  which  remains  behind.  The  coU)urle«s  aolntioa 
becomes  black  when  exposed  to  the  light,  and  dcposit«s  cry*- 
talline  grains  of  sulphate  of  silver.  The  other  acids  (mn 
muriatic  ucid)  do  not  decompose  it.  Hot»«h  throws  down 
oxide  of  silver,  and  converts  it  into  common  prussiale  of  potash. 
Hcnc«  it  is  evident  (list  it  is  composcil  <tf 

I  atom  cyanmlido  of  iron  .         .  fi-75 

3  atoms  eyanodide  of  silver      .         .         .^4 
3  atoms  water  ....  3-373 
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23.  Ferro-ryanoJide  ^^<L    Auro-cyanodide  of  pot 
precipitates  the  ])roto«ults  of  iron  green-f 

24.  Frrro-rytinodidr  tif  aramic.  When  a  solution  of  aru- 
nioiia  acid  in  mnrtalic  add  is  mixed  unth  liquid  prm«iale  of 
potanh,  a  white  precipitate  falts,  not  soluble  in  water,  but  ile- 
compoBe«l  by  boiling  nitric  acid,  wliich  changes  the  anenious 
into  arsenic  acid  and  deKtroys  the  cyanogen.} 

25.  Ferro-cyanodii/rt>/'cfinimiiim.  Pnwdateof potash  thron 
down  the  salts  of  chromium  in  green  flocks,  the  nature  of  whid 
has  not  hitlierto  been  examined. 

26.  Ferro-cifnnodide  of  uranium-  Pruisiate  of  potuxli  pre- 
cipitates the  neutral  solutions  of  uranium  in  beautiful  brownidi 
red  flocks,  darker  than  ferro-cyanodide  of  copper. 

•  Bcndiuv  \\V.wn.  t,  td. 
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S7.  Fcrro'Cganodute  <^  molyMtnum.  VtamaXt:  of  potusli, 
wlioii  dropt  iiiUi  salu  of  protoxide  of  molylxltfnuin,  throws 
<iown  a  dark  brown  precipitate,  whicli  is  soluble  in  ati  excess  of 
prussiate  of  potash  and  al.so  in  liquid  ammonia  witli  a  dark 
brown  colour. 

A  brown  powder,  similar  in  iipp<-a ranee,  in  thrown  down  by 
prucniate  ofpolosh  from  tbu  liiduof  di^utoxidvuf  inulylidcnuui, 
but  it  is  not  soluble  in  un  excess  of  pnisKintc  of  potash. 

M'hen  prusstAtc  of  potash  is  oiixed  witli  a  solution  of  molyb- 
dic  acid  in  a  stronger  acid,  a  reddisli  bron-ii  precipitate  £ills, 
paler  tbaii  the  two  preceding  ones.  It  dissolves  in  iin  exccu 
of  pnuaiate  of  potash  wilIi  a  <Lirk  leddUh  brown  colour.  In 
liiiuid  ammonia  it  dissolves,  rikI  the  solution  is  idmost  colour^ 
leu.* 

28.  Frrro-ryanodide  of  titanium.  Prussinle  of  potash  lhrow« 
down  the  suits  of  titauium  of  a  yellowish  brown  colour. 

'19.  fern>-*-yaaodide  of  cvtvmliiuiH.  When  prugsiale  of  po- 
tash is  mixed  wilJi  a  solution  of  muriate  of  colnmbium  a  deep 
yellow  preei])it4itc  tails,  which,  after  boin^r  wiislied  and  dried, 
becomes  dark  brown.  U  is  not  altered  by  exposure  to  the  air 
or  by  the  action  of  boiliiifc  water. 


Iron  is  not  the  only  metjd  whicJi  combines  with  potassium 
Into  a  double  cyaiio<lide.  Probably  all  Ibe  oliier  uieiaU  nrr 
cajmbic  of  replacing  iron,  and  of  making  witli  potassium  a 
double  cyanodide,  which,  like  prusslntc  of  potush,  a  oipable 
of  entering  into  combination  with  other  cyaiiodides.  and  of 
forminf;  new  cImnmcs  of  douhlr  eyanodides.  The  following  H 
of  these  salts  have  been  alreiidy  fotined, 

1.  Mangaiiesc-eyanodide  of  potusaSiun, 

2.  Nickel-cyanodide  of  potassium, 

3.  C'obalt-cyanodtde  of  potassium, 

4.  Zinc>eyHiiodide  of  potassium, 

5.  Copper-cymiodide  of  potassium, 

6.  Mercury-cyan od id e  of  potassium, 

7.  ^ilver-cyanodide  of  potassium, 

6<  Tellorium-cyaiiodide  of  potaaiitun. 
The»e  snll«  are  some  of  tliem  colourless,  and  some  of  then 
yellow.     'n>ey   usually  crystallixe,  and  the  crystal  is   most 
vommonly  an  octahedron,  or  a  rhoniliohedron.     Eucli  of  these 

*  Bcnelhu. 
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aiUte  riiiglit  l>i'  u*«l  like  cofomon  pruMmte  of  potash,  to  lliniw  , 
dowii  tlip  different  inelallic  sails,  und  tlii-  lioiible  cywwdidrt ' 
formed,  iiro  distingiiisli^l  by  a  different  set  of  coluun,ati<l  dif- 
ferent propertii'd,  front  tliww  lliiii  have  been  dc«cril>«l  in  tlvis  , 
secliun;  Uut  tlicy  Imvc  not  Wt'ii  cxitmiiiL'*!  sufficiently  in  iW-j 
tail  to  enable  us  to  describe  tlK*m  livre.  But  it  roust  be  ubviuiu  j 
fit  It  kI'"'^*'-  I"**^  "*''?'  niucb  those  dilVvront  genera  of  AoaUe  | 
cyunwlidex  will  hereafter  increase  tlic  number  of  cyatugtiij 
salts. 


CLASS  VII. 
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OF  SULPHUIt  ACID  SALTS. 

The  investigution  of  ibis  claM  of  miUs  wn«  begnn  by 
tholk-t  ill  his  piifier  uti  fiiilphiirettml  hydrogen,  publi»hcilii 
2dtli  vohiine  of  the  Annaha  de  Ckitnie.  Several  ad<titi«nl 
fiict*  were  afterwards  u<lded  by  VuiKjiieliit.  Bm  for  tlie  (ten- 
eridi/jitioii  of  (he  btilijeet,  and  for  onr  knowledge  <if  all  iW 
genera  of  sul]ihur  add  suits,  except  the  first,  we  are  indehl(4 
to  Berzelius.  He  lirst  pointed  out  the  fuct,  that  sulphur  acid(| 
an^  sulpliur  bases  enlsl,  cupable  of  cooibiiiing  u-irh  ciich  other.* 
He  afterwards  publiaheil  a  nuuierous  and  elalMinkte  set  of  ex- 
perimenU  on  the  suljihnr  uiltK,  in  which  he  deUiiU  the  proper- 
ties of  nine  ilifl'ereni  gt'ner^i  of  these  ealtit,  and  gives  a  notiof 
of  three  other  generu.f  I  have  already,  in  page  25C  of  tkM 
volume,  mentioned,  tlmt  1  proposed  to  dtstiilguish  ifaoM  cou- 
biiiations  of  sulplmr  and  a  base,  which  poaseM  acid  propenirs 
by  the  name  of  *u//if>idf*,  and  tliose  that  p<»!tt■■'^  alkaline  pc^ 
pertie?i,  by  the  nnme  ni  «ulphurtl*.  Thus,  Knfp/u'eie  of  liifir^ 
fftH  (the  body  hitherto  diMingnished  by  the  tvrms.  attiphur^lti 
/tj/tiroffeii,  Itifttrostif/jAuric  aritf,  &c.)  is  an  acid  cumpuuiMl  of 
sulphur  and  hydrogen;  while vn//N&i(ny  tifco/;prr  in  aiinlkaUne 
compound  of  sulphur  and  copper.  Sulphur  acids,  and  sulphur 
bases,  are  capable  of  uaiting  without  decorD|)oHiiion,  aikd  of 
furmtng  various  genera  of  sdts,  many  of  which  arc  soluble-  in 
liuter,  and  are  cajiable  of  crystallizing.  In  uaniiig  these  lalti. 
it  ib  obvious  that  we  must  abbreviate  the  iiamp  both  of  ihr 
acid  and  biwr,  otherwise  Uie  lerius  would  b«  too  cuuibervonic 
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for  aw,  anil  would  be  ulto|;ot!i«r  iinituitaLile  tu  tbc  idiom  of  Uiu 
E(i(r]iMli  |jiriiriiitfr<-.  Bill  wo  imiy  iii>ply  the  method  which  hiis 
be«n  hitherto  employed  for  iinmin^  ihu  ojcyKOii  itcJ<l  salts.  1"« 
the  l)a«e  of  each  sulphur  acid  terminating  in  att;  1  !«h»ll  pr«Iij[ 
the  syllabtes  tulpiio,  which  will  be  a  euRtctcnt  iiidientioti  llial 
the  salt  is  n  sulphur  salt.  Thus,  a  wlpho-hifdrate  is  u  sulphur 
fuilt,  who<(e  aeid  is  hul)>hide  of  hydroj^eu.  The  base  of  a  sul- 
phur suit  hcinfr  nlunys  a  sulphuret,  iir  un  iilkiilinc  base  UDit«d 
to  sulphur,  tlie  tmturc  of  the  salt  will  slwiiyti  be  KuHicieiitly 
understood,  if  we  simply  add  the  name  of  the  ulkulitic  btMte 
without  noticing  the  sulphur,  which  U  constantly  present. 
Thus,  tulplio-hydrate  of  zinc  will  indicate  that  the  salt  is  ti 
compound  of  sulphide  of  hydrogen  and  sulphuret  of  zinc. 
Should  it  be  hereafter  diHcovonil,  that  various  sulphurets, 
havin;;  the  same  allcHliiie  h>i»i',  arc  ciipiible  of  uniling  with  th<! 
•amv  Milphur  acid,  it  will  become  necessary  tu  disliiijruisb  thu 
various  sulphurels  wliti-h  enter  into  the  combiniitioii,  jusl.  us  it 
IS  necesMiry  to  disiiuji^uish  the  various  oxides  which  unite  with 
the  same  oxy^n  acid;  and  a  mode  similar  to  dial  iLsed  for 
dtitin^iiishing  thei«  dilTorout  oxides  in  the  preceding  part  of 
tbi»  woilc,  might  caHily  he  iippliuil  to  the  tiuljihur  l)as(>s.  In 
the  present  Htate  of  our  knowledge,  however,  thin  lit  unnfr* 
ccssurv. 

HtrnOV  I. — DT  KUI.rilO-HTnitATES. 

When  sulphide  of  hydrojrcn  \%  made  to  pim  into  a  winlion 
any  (ixii)iEe<l  body,  for  exinuplr  into  a  M>lution  of  (wlafiJi  or 
I,  the  oxide  is  iilwiiy:*  dcennipowd  by  the  union  of  its  oxy- 
wiih  llie  hydrogen  of  the  sulphide,  while  the  btt»e  of  the 
oxi<]e  unit<>s  to  ibv  sulphur  of  tlie  sulphide,  and  forms  a  sul- 
phuirt  of  potassium,  of  sodium,  &c.  With  this  siilphurct  U 
new  doM  of  sulphide  of  hydrogen  is  capable  of  entering  into 
cotnbiiiation,  and  of  forming  a  sulphur  suit.  It  is  in  thi»  nay 
that  sulpho-hydrates  are  usually  fonned.  SevemI  of  them  have 
been  long  known  under  the  nami-iiof  hydro>sulphiirets,  hydro- 
sulphatcs  hydro-thioiuiteft,  &!c.  Tlwy  are  occasionally  u»«d 
aa  reagrntH,  ^"d  are  very  UM-ful  in  chemieiil  iinalyses. 

1.  Sulpho-h^nitf-  Iff  ammonia.  'I'hts  will  may  be  obtained 
by  pii.<Aiiig  u  current  of  sulphide  of  hydrniren  gnu  and  another 
iif  ainmoniacal  gm  into  a  bottle  surrounded  with  in;.  It  cryM" 
tallizes  in  needles,  and  is  transparent  and  colourless.  It  is  very 
volatile,  and,  when  kept  in  a  iHilile,  sublimes  gradually  to  the 
W[t  of  the  vew«>l,  where  it  crystalli/.es  in  long  iranspaient 


|tlat«s.  By  this  spontaneous  volatilizallon,  it  i%  easily 
from  any  impuricios  willi  which  it  may  be  mixtd.  W'hen^ 
oxp<M'<l  to  the  air,  it  speedily  becomea  yellow.*  This  alt 
may  be  obtaine.1  also,  accordinji  to  B«neliu8,  by  dtBtUKB« 
■ulpburrt  of  ])oui«siuro  mixed  with  un  oxcew  of  sal  auroouMj 
and  water.  Sulpho-hydrnte  of  amiDonia  has  not  born  kilbrnV 
i.iibjt.-cted  to  a  rijrid  analysts.  There  are  prnb.'tWy  two.  if  wm 
more  salts,  di^liii^uished  by  lliv  prot>orttoii.<i  of  the  coiistilueotK.j 
VHietlier  the  ammoiiiu  be  combined  vnth  sulphur  b  not  n 
clear.  As  aminonia  contains  no  oxygen,  it  caiinot  deeorepoafr] 
Bulphtde  of  hydrogen.  I  believe,  in  ^ciicnil  sulpho-hydnt« 
of  ammonia  contains  two  atoms  of  twMe  uiiilc<l  to  one  of 
phide,  though  the  neulml  combination  is  ulso  (Kissiblc. 

Wh4>i)  equal  parts  of  Umc,  sni  ammoniac,  and  sulpliur, 
distilled  in  n  retort,  a  yellow  liqnid  is  ot>t:iiiied,  tisually 
tinguidhed  by  the  name  of/nmiNff  Uquor  of  HoyU^  becauw 
prepared  by  that  iibilosopher.  This  liquid  constantly  emttil 
white  fiiint^  and  hat  u  Ktroiig  amninntacnl  »n*\  ft'tid  udour.' 
HurtliolU-t  lucerlniiied  ihni  it  owed  iu  property  of  ctnitthig; 
fumes  to  u  quantity  of  uncombincd  alkali.  It  ooirsists  chieflyf 
of  B 111 pho-hyd rate  of  ammonia  holding  an  excess  of  sulpbur;. 
This  liquid  f^iiliudly  loses  tlie  properly  of  fuming,  and  depo»-i 
ites  lil(ewi§e  its  excess  of  sulphur.  It  ts  then  a  suIpho-bydniW 
of  ammonia  neiirly  pure.  | 

2.  Sulplio-hjfdrate  ofpofassium.  This  salt  may  be  obuinrd 
by  paanng  a  current  of  9id|)liide  of  hydrogen  over  earbutala 
of  potash  heated  to  obscure  redness,  till  all  t^vohltion  of  wnttr 
and  carbonic  acid  it*  at  an  end.  It  is  a  foliated  substance  ofi 
lemon  yellow  colour,  which  d<'liquesces  spewUly  in  tbt-  uir,BB| 
diwolves  readily  in  water,  and  when  the  solution  in  mixed  witli 
the  stronger  acids,  uilplitde  of  hydrogen  is  given  out  abundonlJjif 
without  the  precipitation  of  any  sulphur.  Dy  evaporation  i( 
yichls  crystals,  wliicli  are  transparent  and  colourless,  and  cry*' 
lallizes  in  large  prismatic  erj-stals,  not  unlike  sulplinle  of  mJl 
They  are  usually  four-sided,  and  terminated  by  folu^^dtd 
p\-ramids.  Sometimes  both  the  prisms  and  terminating  pyr*- 
midfl  are  six-sided,  lis  tutte  is  alkaline  and  extremely  l>itt«r. 
When  expoHod  to  the  air,  it  soon  dvliqu»«es  into  a  liquid  of 
a  sj-nipy  eonsisleiicK',  tinging  green  all  bodies  with  wliich  ic 
happens  to  be  in  contact.  But  this  colour  is  not  pennaiient, ' 
nnlesH  some  metallic  body  happens  to  be  in  contacL     Tbt; 
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crysuls  bave  no  smcU ;  but  wIivd  divy  luivc  deliquesced  t]i«y 
emit  B  fetiil  odour.  TItey  (IUaoIv*!  buUi  in  water  and  alcohol ; 
and  durin;^  (he  solution  Uie  u-mperuturtf  of  the  liquid  unkit 
voaRidi-mlily.* 

The  consutuciibi  of  tliis  salt  (abstracting  ilic  water  of  crys- 
tallization, n'liicli  is  still  undetermined),  arc 

I  atom  sulphide  of  hydrogen  2-135 

I  atom  sulphuret  of  potassiium  ,         ,         7 

0.  Suipho-hjiiirate  qf  sotUum.  lliis  salt  may  he  formed  by 
exponinfr  sodium  in  an  atmosphere  of  sulphide  of  hydrogen. 
It  first  combines  with  an  atom  of  sulphur,  by  decomposing  the 
dulphide  and  the  sulphuret  tlius  formed,  absorbs  an  additional 
dose  of  sulphide,  and  is  converted  into  sulpho-hydrate.  W« 
may  form  it  also  in  tbe  same  way  as  waa  described  for  forming 
tlic  ia-Ht  salt.  The  arjueous  nolulion  cryHtallizi^.  1  have  given 
an  account  of  ihU  s«\t  in  the  first  volume  of  this  work,  page 
Q68;  though  tlic  view  tlicrv  given  of  its  conMitutiun  u  proba- 
cy not  quite  accurate. 

Its  crystals  are  regular  octahedrons.  The  ta^te  is  very  hot, 
bitter,  and  sulphureous.  It  is  not  sen»il.ily  nltcred  hy  espmure 
to  tlie  air  for  *24  hours,  but  it  slonly  deliquesces  into  a  brown 
liquid.  Its  alkaline  properties  are  as  powerful  as  lho»«  of  u 
Stnyng  caunlic  potash  ley.  When  heated  it  undergw's  the 
watery  fuKion,  then  brcomea  solk),  and  finally  catches  lire  and 
burns  like  tinder  for  a  long  time,  witli  a  very  low  yellow  col- 
oured Aame.     Its  constituents  arc  doubtless 

I  atom  sulphide  of  hydrogen  .         ,  3-126 

1  atom  sulphuret  of  sodium  .  & 

7  at«m«  water  .        .  7-875 
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4.  Sii//*Ao-Ay(/ra/K  <^  UtAium.  To  obtain  this  salt  sulphate 
of  litliia  may  be  mixed  with  charcoal  and  ignited  in  a  porcelain 
crucible.  The  n'^dual  matter  i^  to  be  thrown  into  water, 
filtered  and  saturate*!  with  sulphide  of  hydrogen.  A  colour- 
less solution  is  obtaiued.     M'hen  concential^**!  in  a  retort  tilled 

•  VBi«[uelin,  Ann.  dc  Chlm.  ulii.  W. 

f  I'hil.  Tmns.  1827,  p.  157.  I  "iiiiikim  id;  annljtis  lo  have  bm  orro. 
ncom  by  O-l'ii  or  art  ntoni  of  liiilr«>gcn,  wliicli  btwig  under  ana  per  cent. 
Ki(ki  hare  be«n  tauiy  cumwillteil- 


a*MVii.  ygjtit  hydrogen  gHS,  to  div  ooniuHtency  of  a  syrup,  a  little  «f- 
bonate  of  litbia  precipimtr*.  Tlii>  liquitl,  when  brought  to  \iie 
voii!iUt«acy  of  a  syrup,  is  honey  vfUow.  "Wlien  dried  in  racvo, 
over  L-itlciiied  poLisli,  it  i^  ^milually  converted  into  an  inegobr 
tutline  miuvt,  whirh  atiMrlvt  moi&ture  from  the  Hlm<x)il)cr«,  uid 
di»olvi.'«  I'viidily  in  alcohol.  When  concentrati'd  in  die  opeo 
ail  it  depositor  lon^  yellow  crystida  of  quBl^r-ftulphiiret  of 
litJiiiim. 

Thiti  suit  may  i>e  obtained  by  llie  same  proc't*M  us  that  •Ic- 
scribed  for  prucuring  sniplio-hydmte  of  p«la*.«iiuni.* 

fi.  Sulpho-liiitlrtite  of  bariHut.  When  bydnile  ofbnrwrsi* 
supureat united  with  sulphide  of  hydrogen,  and  the  solulioo  cuu- 
centrated  in  a  retort  filled  with  hydrogen  gas,  it  depo&ites  crjrt- 
tal>  of  hydrated  liarytes  and  of  qiiater-sulphurot  nf  bariaii- 
The  re&iduid  Itijuid,  when  cooled  to  14°  dcj>c>Ki(t>G  rr]'BUk«( 
kulp  ho -hydrate  of  hnriiim  in  long  flat  pri«iii»,  which  are  whiir 
and  opaque.f 

When  sulphate  of  harj-tes  is  conrert<>d  into  snlpiiiirel,  bf 
mixing  it  until  ehiireoiil  and  keeping  it  red  hot  in  a  crucibb^ 
if  boiling  ualer  he  poured  upon  the  blaeic  mns^.  and  Altefvd 
while  hot,  the  green  coloured  solution  thus  obtained  yield*  by 
eraporatiun  a  great  number  of  ery«tal^,  They  are  to  be  *4-par- 
ated  immediiilely  liy  filtration,  and  dried  between  the  fold*  of 
filtering  paper.f  Tliey  are  white,  and  have  a  silky  lofttr. 
They  luivc  usually  the  form  of  ecides,  whose  shape  caunu4  be 
easily  a.'iceriimi ■.■<].  'I'lii*  compound  is  soluble  in  water,  awl 
the  Molulion  hii.«  a  very  slight  tinge  of  green.  I  tx  tttxte  t<>  ami 
and  sutphuroiw;  and  when  exposed  to  the  air  il  la  readily 
composed. 

B.  Sulpho-h^ilrulf  nf  Mironiimn.  This  salt  in:iy  he  ob 
by  saturating  an  aqueous  solution  of  sulphtini  of  si 
with  8ulphi<le  of  hydrogen,  'llie solution  evn])orated  in  \-acuo. 
shoots  into  largo  striated  four-sided  ptiKniK,  which  may  he  ex- 
posed for  some  days  to  the  aUnunpherc  without  undergoing 
any  alteration.  When  heated  tltey  melt,  give  off  water  idiI 
sulphide  of  hydrogen,  and  finally  Hulphnrot  of  strontium  re- 
mains behind  in  the  form  of «  white  p<mder.$ 

7,  Siilfilm-lifitlrale  of  calcium.     This  salt  may  be  ohlainnl 
in  solution  hy  diuolving  sulphuret  of  ealeinni  in  an  aqutwm 


•  Burncliut,  Kong.  Vet.  Acud.  Hsnill.  1HS&,  p.  Ht. 

i  Benhollct,  Aoii.  J«  rMm.  x%\:  itt. 

5  Be racVuu, Kwn^,  \v\-  .\ciA,  Itaodl.  leiti,  p.  iM4» 


f  Ibul.  p.  943. 
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solution  of  sulpliUIe  of  Iiy^lrofrvn.  At  u  certniti  degree  of  sa>  **"■  ■'■ 
turation  tlie  abwrjitioii  uf  tliv  Niilphidv  ccosn,  aii<l  to  frvl  any  ' 
fiirthor  (|iiiii)tity  lukcii  iif),  oon«Iiini  •tirriiijj  is  lu-cpisisKry.  ITie 
solution  r4iniiuC  Ik>  mnAv  to  <lc)>0Kirp  crvslnh  of  siilplio-liydrate 
of  calcium.  Aft«r  tlic  conc«Dimtion  has  reached  a  certaiu 
[witit  tlie  sulphide  is  dUcng:aged,  and  crystals  of  sulpliiiret  of 
oilcium  itliooL  out.* 

ti.  Snlfiho'hytlrulf.  t^ magnesium.  Tliix  salt  may  t>e  obtained 
ill  wlulion  by  p.isHJti];  a  current  of  Kulptiidc  of  hydrogen 
through  wittT  in  which  hydruK^  uf  ma^icj^ia  is  Mu^priidn). 
Tile  noliitioii  tnke*  plnc«*  sliiwly;  hut  a  very  concentrated 
liquid  may  in  (his  iivay  l>c  obtained.  Like  the  precvding  salt, 
it  cannot  be  obtained  in  a  solid  form,  for  when  we  attempt  to 
cryKtallixe  the  licjuid  the  salt  is  constantly  decanipo»ed.t 

tlKCTlOM  M.- — OF  niaULI'lIO-CABBOXATES. 

For  oiir  knowlerlKe  of  Ihcw;  Kiltx  we  ure  cMcRy  indebted  to 
BenceltuK.  SL-ver;il  of  (hem  w<tv  desoribcit  in  hi»  [Ni]>er  on 
hiMilphidc  of  carbon,  published  ulon^;  with  Dr.  Marcit,  in  tlic 
l'hito«ophiciit  'rnmsiiclion!)  for  \^\Q.  'llie  mistakc^s  into  which 
he  fell  in  tluit  piipur  were  rectified  in  his  paper  on  the  stil- 
phurets  of  politf^Kiiitn,  published  in  lA'il,  and  »lill  more  com- 
pletely in  his  |iia])i.'r  uii  the  sidphur  .salts,  published  in  itf'i6. 
It  iti  difficult  to  ohtr.in  these  mII»  in  a  fttate  of  complete  purity. 
'Hie  best  wny  11  tu  mix  n  -.troii^  xulphur  Wsih  with  water  iind 
biitulpliidi;  uf  nirbon  in  u  Ihuk  (piile  lilKvl  iiilh  the  mixiiiri',  aiuI 
to  lemve  it  in  the  tcmpurutiire  of  86*  well  sloppni.  The  bi<!iul- 
phide  itnidually  comltiiu-s  with  the  sniphiiret. 

When  drv  bi^ulplKi-ciirbonales  are  heated  ibey  undergo  de- 
vompoftilion.  The  Hxed  iilknliiie  mllA  fuse  into  11  lujuid  black 
mass,  which,  when  cohl,  t«  dark  bruuii,  »nd  when  di^jt-Med  in 
water  leaves  eitrlmn  tindiv-mlvetl,  while  llie  rncLtl  in  tlie  slate  of 
neuulphurct  is  diiuolved  in  the  w-itir.  'I'he  bisulpho^carbo- 
nateti  of  the  earthy  metals  and  rhc  metaU  in  ((eneml  nre  dc- 
cmnpo»cd  in  «ucb  a  way,  that  if  (be  »alt  conlaiiw  cltcmicnlly 
vonil>ined  water,  bisulphide  of  hydroj^en  and  Hul|)hiir  arc 
evolved,  and  a  carbonate  remains  iM-hiiiil.  But  in  general  the 
biitiilphide  of  carbon  flies  olf  and  leaves  the  base  iii  the  state  of 
a  snlphurei. 

When  the  biHulpho-carbonaleo  are  mixed  in  tlie  solid  form 
with  an  acid,  muriatic  acid  for  example,  a  red  oily-looking 

*  Bcrwiiiw,  Kong.  Vi-i.  AaA.  Ilmdl.  \%ii,  p.  V4.V        t  ll>u(.  9.1\A- 
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liquid  is  obtained,  discovered  and  described  by  Zeute.  It  b  t 
compound  of  tiiilpliido  of  hydrogen  and  bisulphide  of  carbvn. 
Speedily  tin-  Hiil|)lii<lf  of  hydrogen  dtiisolves  in  tbe  irater,  aod 
leavM  tlie  bisiiliiliiiU-  of  nirboit  boliiiid  in  an  ojMiqiie  sute. 

1,  Iii$ulitho-carbonaU of  ammoniu.  'Hits  viill  u'tL<  tint  fonnrd 
aiid  degicnliod  by  Zeisc.  He  §aturtitcd  alcohol  wiili  nmmonii- 
cnl  (ran  and  dissolved  bisutphidc  of  milKin  in  thv  liquid.  In 
libout  iin  hour  or  an  hour  and  a  linlf  a  yellow  t-ryslaUine  pow- 
der was  depoMted,  which,  afier  being  u'ashcd  u-it)i  alcohol  and 
ctlicr,  constitutes  tlie  bis ulpho-cai bona (c  of  uinmania  in  a  staii; 
of  purity.* 

2.  BiKulpho-farboHote  tf  potassium.  Tliis  eult  i§  liest  pre- 
pared by  adding  an  excvss  of  btsnlphide  of  carbon  to  an  alco- 
holic aolulioii  of  hrpar  stdphuria.  The  dark  red  liquid  which 
coIIecLs  al  the  botiom  i«  to  be  e\-aporaled  in  the  lenipenilurc  of 
86^  to  the  conKiKtency  of  a  syrup.  It  then  depoftiieit  cr)'BtsU 
of  hi)iiil])ho-c<irl>onnte,  which  !ti>eedily  deliquesce  in  tbc  air. 
When  lu-atcd  to  about  t.iO°  it  part*  with  its  water  «f  cryn- 
tnllization  and  lo«cs  its  crystalline  nppcaranco,  iicqtiiririg  a 
darker  colour  InclimMg  to  red.  When  beutetl  in  a  di&tilliiij 
appiiRitufl  it  gives  out  notlitng  volatile.  At  a  reil  beat  it  nielu 
and  is  decomposed.      In  alcohol  it  dittsolves  witli  ditficnily.f 

H,    fiisiilphn'Otrit.matr.  <^  todium.      It  fonns  i\  yellow  fodt, 
erystallijtinu  wlicii  hiijhiy  concenlrated,  and  deliqiic«cing  in  the 
It  disiolvcs  readily  in  alcohol.} 


nir. 


4.  IStKutpho-cart'onarc  of  /itAinm.     This  snit  is  still  more 
soluble  in  u'^ter  than  eiiher  of  the  two  preceding  salts.    When 
dried  it  gives  a  salt  that  speedily  deliquesces  in  the  nir. 
diMolvcs  readily  in  alcohol.} 

5.  nUvlpAo-rarfxmaieoflMtrium.  Crystallized  aulpburet 
barium  unites  very  readily  with  bisulphide  of  carbon,  and  foroM 
a  lemon  yellow  uiicrystatliiEahle  salt,  which  coats  the  inside  ot 
the  glass  and  i«  oiL'^ily  di««olved.  The  solution  has  a  fine  yel- 
low colour.  When  evaporated  in  vacuo  it  dcposites  Nuall  light 
yellow  tnLnsKicent  crystals.  If  a  drop  of  water  be  let  fall  on 
ttio  salt  it  becomes  in  a  few  minutes  red ;  but  tlits  colour  dis- 
appears on  drying,  II 

0.  Bifulpho-rarlHmate  of  strontium.     It  is  more  soluble  lu 
water  than  tlie  preceding  salt.     The  solution  Uas  a  lighter 

*  Fur  a  Jctoilcd  actouiit  of  ihi*  ult  I  refer  to  Ztitc's  jMpcr,  Imcrtc 
SeJiwciggcr'*  Jour.  xji.  100. 
I  Drnetius,  Kuiie-  Vei.  Acad,  Ihindl.  W^  p.  SAt.      |  lliia. 
S  Ibid.  I  Ibid.  p.  fi»2. 
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yellow  colour,  aiid  ipves,  when  «vaporat«(I  in  vacuo,  a  Btrmtod 
cr)-!itiiliiiir  Milt,  of  a  li^bt  lemon  y«)l«vr  colour,  us  if  it  had 
efflorcsci'il.  W'licn  niflist4-iii^l  it  bccoiiM?»  nsUlish  brown,  hut 
tliis  colour  \'niii«licM  on  ilrving,  Icakviiig  spots  of  a  lighter  yel- 

Ilow.* 
7.  liiavtpho-carboHale  of  eala'nm.  Ilm  Milt  gives  a  rcry 
deep  reil  soliiiion,  which  becomes  stilt  diirki-r  when  kept  in  » 
clotw  vessel,  ily  evaporating  the  litjuiil  in  vacuo  wp  obtain  » 
^  yellowish  brown  saline  mit^s  witli  evident  marks  of  rr)-stiilliica- 
B  lion.  When  fully  dried  hy  heat  it  becomes  light  lemon  yel- 
low ;  hut  heeomm  again  darker  and  rifkli-r  by  ubsorbing  mois- 
■  ture.  ^^'he^  again  <lissolvcd,  it  leaves  u  yellow  coloured  flidi- 
Ralt  having  n  pcpfiery  uwle.  Tins  salt  is  always  formed  unless 
an  e.icc«s  of  bi<<ulpliidc  of  carbon  is  employed.  The  neutral 
salt  dissolves  easily  in  alcohol.  It  in  (lecoro]ia<«d  by  boiling 
water,  depositing  carbonate  of  lime.f 

8.  liimtpheh^^rbanatr  nf  m<i^nesi}tm.  Hiis  salt  Is  most 
easily  obtained  by  adding  bioiilphit-curbonule  of  barium  to  sul- 
phate of  magiicxia  m  long  <w  a  precipitate  continues  to  fall, 
Tlte  liquid  must  then  be  filtered  and  irvaporiited  in  vactiu.  The 
solid  salt  is  lemon  yellow,  and  sltou's  no  symptom  of  crvHtid* 
lization,  A  portion  of  it  dissolves  readily  in  n'ater,  uHth  a 
deep  yellow  colour,  and  a  peppery  taste.  Another  portion 
formt  a  Mibsall,  insoluble  in  cold,  but  soluble  tn  boiling  water, 
with  m  light  yellow  colour.  Itut  it  is  deeompoited  at  the  wime 
lime,  and  leaven  nnbonate  of  magnesia  undisvilved.J 

9,  Binilpho-carbonaU  qfiroH.  'i'his  ndt  may  be  obtained 
by  mLxing  solutiun<i  of  bi>«ulpbo-cnrl>onate  of  cateium  and  sul- 
phate of  iron.  It  forms  a  deep  wine  ri-d  liijuid,  which  gT;idu- 
ally  darkens  and  when  viewed  by  reflected  ligbl,  looks  like 

(ink.  Au  excess  of  tlie  precipitating  medium  gives  the  liquid 
a  darker  colour.  An  excess  of  the  protosalt  of  iron  employed, 
precijiitateit  the  compound  in  the  form  of  a  black  powder .§ 
10.  liinitlpfioTnrlHmaiet^atsqttisuIitfiHretofiron.  Bisulpho- 
carlwnate  of  calcium,  when  added  to  a  solution  of  peroxide  of 
iron,  throwi*  down  a  dark  brown  preeipilale,  which  s])eedily 
e<dlvcts  into  a  imuw.  It  i*  insoluble  in  waU-r,  is  not  altered 
■  durif^  drying,  and  when  pulverized,  conslituten  an  amber 
brown  powder.  When  dtvtilleil,  bisulphide  of  carbon  paasea 
over  at  a  very  moderate  heat.  When  the  heat  it  augmented, 
sulphur  sublimes,  and  sulphuret  of  iron  remai»s.|| 

•  Beruaiu*.  Kong.  Ve«.  Acad.  HaaJl.  1673,  p.  »2.      f  RiiL 

}  it)id.  !>•  SU.  S  Ibid.  p.  iAt>  0  IbnL  p.  2U. 


awm  vti.  1 1.  liiaHlpho-carboitaie  tff  miingamst.  It  niay  lie  roniti.tl  in 
~'~'~~  tiu,  Mint'  «*ay  wi  llie  two  pn-cedtng  nails.  It  forms  first  a  ilark 
brown  lnin*|)amit  Itqiiitl ;  but  gradually  llie  Milt  U  depoMtcti 
ill  a  li^bt  yellow  powder,  likv  .iiilpltiiriM  of  niiui ^incite.  Thv 
prccipiWilo  di'V'-olvcs  with  a  y<-ll«w  ti)lour.  ll  does  not  liliKlceo 
on  l]ir  filter  Itkv  «ul|diurct  of  niuiiguni.>«c.  Wlirn  dwtillnl,  ii 
given  out  Gurboiiic  ncid  gas  and  snlpliur,  and  leaves  green  miI- 
pburet  of  tnanfcanese  soluble  in  muriutic  acid,  wilhaut  uy 
residue  of  diarcoal.' 

12.  liUNlpho-carbonate-  </  nicJteL  Formed  by  the  sum 
pioceBs  tu)  the  prccedii^  salts.  It  forms  a  dcpp  brownish  yel- 
low aolution,  -ili^litly  imnslueeui,  and  by  reflected  liglit,  black. 
Tho  wdt  f»lk  in  H  )iour»  in  tlio  form  of  »  black  powilcr.  Thr 
BupemulunI  liquid  is  transpureni  and  yellow. f 

13.  BitHlpho-carbimate  t^f  cvball.  FormBtiun  the  same. 
CiiveK  ii  deep  olive  green  solution,  n-litcb  seen  by  reflocud 
lij^lit  is  bluck.  In  24  lionrs  it  depn^iiteH  ii  bhick  flocky  sub- 
sttmca  The  ueutiHl  liquid  b  Inmsptircnt,  and  of  a  de«p 
brown  colour.J 

14.  Bixulptu^-rarbonale  nfzinc.^  Forms  a  very  ligbt  yelhiw 
prevtpitjilr,  indeed  almost  while,  which  when  dry  U  yellow 
iind  tmiislii<rn1.[| 

15.  liisulj/ho-cai'bonate  of  eadmium.  A  fine  Icoioa  yoi 
precipitule,  wbieU  is  soluble  in  witter.^ 

16.  Bisulpho-carbonate  of  had.  A  de«-p  brown  precipi 
wliidi,  u-tien  it  b  deposited  on  llic  glii-v,  appears  tnuuparenl. 
The  siipeniiitnnt  liquid  is  deep  yellow;  but  tn  24  houn  it 
hec«>ines  caluurle««.  The  prefipitiile  wlien  dried  bMOflMt 
black,  its&umes  a  ])u]i«li  when  rubbed,  and  when  distilled  gi*M 
out  liisulpliiiti*  of  earboti,  and  leaves  sulpliurcl  of  lead.** 

17.  Jihiti/iftif-rarbonatr  t^f  tin.     Fonn.>  a  fine  dark  brg! 
prenpitate,  not  altered  when  dried^j 

19.  liiKHipfNt-carboitate  <if  hisuiphurtt  nftin.  A  light  yellow 
preripiiati",  wbieli  beeomes  deeper  coloured  when  drj-.It 

19.  JiUitlp/to-carinmale  of  ropper,  A  deep  brown  iwei 
late,  almost  black,  soluble  with  a  dark  brown  ooluur  in  an 
oes»  of  ibo  prccipitatbg  tnediuni.     M'ben   dry,   it   becuiSM 


illow 

i 


•  ficneUus.  Kong.  Vet.  Acad.  Ilancll.  ISii,  p.  S&i,        f  Ibid,  p. 
t  IbiJ.  p.  ?AA, 

$  All  the  tut'Bcqucnt  mIu  may  be  obtained  by  tl»e  inme  proeu*  ni 
Jeicribcd  for  prucurinit  bihiilphu-ctirbonate  of  irao. 

II  DendiuR,  Kong.  Vet.  AcmL  Hanill.  IWA,  p.  20.1.         ^  IbU. 
••  Ibid.p.t56.  ff  Ibid.  H  Itrid. 
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bliwk ;  wlieii  dttlilled,  it  give*  out  tint  bisulphide  of  carbon,     **^ 
iind  tiivn  8ul|>fiur,  wliilv  sulphuret  of  tin  remuiiM.* 

20,  Biitn/pbo-carbo»a(e  of  bitmulk.  A  d«rk  brown  powHer, 
•lolubk  villi  a  lieuutiftil  reddUli  brouii  colour  in  iiii  i'Xccm  of 
the  precipitating  mediitra.f 

21.  J}Uu//i/io-nirtH}tMilr  q/"  m^rt-uri/.  A  black  prccipital*, 
wliicli  itt  bi*?>i  obuini'it  wlii-n  an  execs*  of  tlie  precipitant  i« 
cmployoi).  WIh'11  liricd,  it  is  itliwk,  and  hIu-ii  ilisiillcd,  ^v« 
offcinimliiir,  willioiit  any  traci'  uf  bisulphidv  of  carbon,  wliich 
seeiiut  tu  liavr  bei'n  driven  off  during  tlip  drying.^ 

'22.  Binilphii-carbijttntf  qfnuh-siil/i/iiirff  ofmemin/.  It  bit* 
in  the  form  of  a  dark  liroun  Iraii.'ipiirent  subslance.  not  unlike 
llic  ialt  of  lead.  W'tieti  tlrivd,  it  bvcomcit  bluck  ;  wlien  dis- 
till«i).  it  givcM  only  invrciiry  and  i-innntmr,  witlioiit  any  trace 
of  biMilphidv  of  i-iirbmi.  vhicli  prolwbly  wiu  dtttiputod  during 
lk«  dryin^.f 

3-'J,  DUulpitft-car/xuNifc  tif'gilrer,  A  dark  bruwn  picci])ital«, 
aolublv  wilti  a  dcop  brown  colour  la  au  excess  of  die  precipi- 
lanl.  Wlicn  dryt  it  ts  black,  g;listcnin^,  and  difficult  to  pul- 
reriiM; ;  wlien  distilled,  it  ^ives  a  little  liinulpliide  of  carbon, 
wilb  u  good  deal  of  sulphur,  wliile  a  Kulpkurel  of  silver  re- 
mains. || 

24.  Bi*tiipho-carboHate  of  ffold.  A  dark  ^yisk  brown 
precipitate  in  a  muddy  liquid,  not  easily  rendered  IranKpnrent. 
When  dried,  it  is  bliu-k ;  wlien  distilled,  it  gives  off  willplnir, 
aixl  lenve*  f;old  blueki-ned  with  eliarcoat.lf 

25.  BUuliAo-mrhonate  ofplatwum.  A  blacklsb  brown  pre- 
cipitate, fwluble  with  a  fine  yellow  eolnur  in  an  excess  of  the 
precipitant.  Wlien  dry,  it  in  iilnio»i  black ;  when  dJMilled,  it 
gives  off  bUulpbide  of  carbon,  and  then  sulphur,  while  Mil- 
phurel  of  pkitiuuni  remains  behind.** 

2li.  BiMuJpfu>^tiH>miate  qf' eArominm.  A  grayish  green  pr«- 
cipiUte,  «o  nimibr  to  the  hydraled  oxide,  ilial  it  cannot  be 
diMtinguished  by  ita  appearance.  lint  when  distilled,  it  givM 
off  bisulphide  of  carbon,  aiid  leaves  brown  sulphuret  of  cbro- 
minni,  which  in  rhe  u{K-n  air  bunut  with  vigour,  and  u  cliangeil 
into  oxide  of  chroiitiuin.-l  f 

27,  Itinulpho-carboHate  of  uranium.  Givea  a  clear  dark 
browti  liipii*!,  which  gradually  becomes  muddy,  and  depnulea 


*  B(TM-llu«,  Kan](.  Vet.  AoiJ.  Haaill,  I8t5,  p.  tSA.        f  Ibid. 
I  lb!J.  $  ItiiL  g  lUd.  p.  «7.  1  ilad. 

■•  Ibid.  ft  ll'id.  p.  M6. 
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cu-Ti.  a  liglit  grayiBh  brown  precipitate,  wlitcb  seotiM  to  be  u      

plio-catbonate  of  uraiiium.    The  supernatant  liquid  b  yellow.* 
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Sr.CTIOH  III.^^F  BULPUO-^inSEKf  ATSS. 

Tbeec  nils  coii^JNt  of  conittinalimis  of  sulphide  of  anetiic 
{described  in  vol.  t.  p.  Sl't,)  vrith  (he  different  sulpliurrU. 
Thit)  sulphide  is  a  compound  of  I  ntom  itrsentc,  will)  2j  atow 
Hiilpliur.  It  is  therefore  analogous  in  it«  com|tii7.!tii>n  lo  ara^ 
nic  acid.  For  the  investigation  of  these  ultM,  wc  an.*  indchtol 
to  Derzelius.     They  may  be  formed  in  various  ways. 

1.  By  digesling  n  Mil)ihu>et  with  sulphide  of  areenic. 

2.  I)y  li(-iiliii)r  u  i^iitpho-liydruti-  with  »iulpl)ide  of  aneoic. 

3.  Wbcti  an  aneniatc  is  (locompw^cd  hy  sulphide  of  hydto- 
geii,  tlie  oxygen  salt  is  destroyed,  and  an  oqiiitl  iiuraber  of 
atoms  of  sulphur  enter  into  the  salt  in  place  of  the  oxygen. 
This  decomposition  proceeiU  at  first  slowly,  but  becomes  at 
last  more  rapid,  and  it  Is  the  be^t  method  of  obtaining  in  * 
state  of  purity,  ilios^  *st\in  tlist  do  not  crystallize.  The  deoooi- 
poMtion  i*  completed  when  the  salt  is  no  longer  reiulenl 
muddy  by  chloride  of  burium  or  calcium,  lliose  uriienhtea 
M-hieh  arc  soluble  in  muriatic  add  (though  insoluble  in  water)t 
may  be  decomposed  if  their  basts  consists  of  a  metal)  vhicli  >• 
thrown  <Iuw'n  by  sulpliitle  of  hydrogen ;  for  example,  ar>«iiitt 
of  copper. 

4.  When  suljitiide  of  nreenic  is  dis^olveil  in  Ritwtic  unmo- 
nia,  or  hy  meiuis  of  un  earthy  hydrate;  but  in  that  case^  the 
stilpliO'^rseiiiate  is  mixed  with  an  arscniote,  and  tlie  Bulptiiile 
of  arsenic  is  driven  off  by  acids,  without  any  smell  of  sulpludc 
of  hydrogen. 

5.  When  sulphide  of  arsenic  is  boiled  with  the  nirbuniiK-' 
The  carbonic  acid  may  be  completely  driven  off;  bnl  in 
cose,  also,  tlierc  U  a  mixture  of  ar«eniate  present. 

«.  When  sulphide  of  arsenic  is  fiisn-d  in  tJie  dry  »niy  wJdiB' 
hydrate  or  a  carbonate,  which  is  present  in  excess.  In  thai 
case  we  obtain  a  sulpho-arseniate,  mixed  with  a  sulphate  and 
an  nrseniate;  while  metallic  arsenic  sublimes. 

7.  When  sulphide  of  arsenic  is  digested  with  n  soludon  of 
quater-sulphuret  of  p»tat»ium.  All  higher  rtulpburcts  produce 
the  same  sails,  while  at  the  iFame  time  sulphur  is  precipttate<l. 

8.  When  un  nrseniate  Is  mixcti  witJt  sulpho-hydrate  of  am- 
monia.    Ammonia  tiiid  lh«  excet»  of  sulpho-hydrate  are  dk- 

•  Berwliu*.  Kong.  Vet.  Acad,  llandl.  I8?i.  p.  i&A. 
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tilled  wfT,  an<l  tke  aulplio-aneniate  remains  in  the  retort.  Tliis 
mctliod  unswfrrs  only  witli  tlio»c  salu  whose  b»»e»  arc  not  prr- 
cipiuiitl  by  itmmotiia. 

Tlie  colour  of  tho  siilplio^^ir^cnialcs  liavlng  nn  alkaline  metal  >'»mi» 
for  a  \iase,  is  yellow  wlion  UDhydrous;  tli<;  nqueoiin  solutions 
are  nearly  colourless.  Tlie  colour  of  the  metalline  salts  varies. 
Hio  laslc  of  tlieae  salts  is  hepatic,  and  at  the  same  time  a  very 
rutUMoiix  bitter.  When  decomposed  hy  an  acid  tbey  give  out 
>  peculiar  Wjmlic  odour  like  tlie  smell  of  orjiimenl  in  tiiiftt^ed 
oil  tirnisdi.  Most  of  them  are  insoluble  in  wsiUt.  'I'linite 
conliiiniiig  tbe  biiKe»  of  tlie  alkalies  ;iiid  iilkaliiii^  cnrllin,  and  » 
few  olbcm,  coii.>iittiiv  exci-|>tioii8.  Tlicy  have  a  strong  ten- 
dency to  form  Hiibwilts  consL^liiig  of  an  atom  of  tlic  acid  united 
to  1^  atom  of  the  base.  These  subsaltsliave  a  strong  teodency 
to  rr)'stal)ize,  which  is  often  wanting  In  the  neutral  salts. 
Hence  tbe  diCEculty  of  oblaiuiiig  ttie  neutral  salts. 

When  alcohol  i«  mixed  with  a  concentrated  solution  of  these 
salts  it  occ«?iioris  u  peculiar  nltenition  in  them.  A  siibsall  cou> 
latning  two.ihird>i  of  the  nulphide  of  arsenic  is  precipitatisl, 
comtoonly  in  u  crystalline  state,  and  the  liquid  beconicH  yel- 
low. It  now  holds  In  solution  a  blsulpho-arseniate,  sometimes 
mixed  witJt  a  small  portion  of  the  subsati  held  in  solution. 
From  tliis  spirituous  liquor  the  biNuljiho-arseniate  may  be  ob- 
tained by  liasty  evaporation  on  a  flat  glass.  It  leaves  a  solid 
matter  of  a  lemon  yellow  colour,  which  is  decomposed  by 
vrater,  leaving  Milphide  of  arsenic.  If  the  spiritous  solution  in 
coniti<lorablc  quantity  be  concentrated  on  tlic  sand  batti,  it 
giv*.**  by  stow  cooling  a  l^ht  yellow  striated  orscnly  mass,  and 
upon  the  bottom  of  the  retort  is  deposited  a  fine  red  or  reddish 
yellow  powder.  'I'he  yellow  crystallized  awnn  in  prrmlphuret 
ofarsmK,  described  in  p.  314  of  the  iirst  volume  of  this  work. 
The  red  subsuuicv  deposited  in  the  retort  is  sulphide  of  ar- 
senic. 

I1ic  sulpho-nrHcniatos  are  decomposed  hy  acUU  with  the 
erolutioii  of  sulphide  of  hydrog«>ii.  If  the  solution  be  dilute 
no  effervescence  take!'  place,  the  liquid  merely  amells  of  sul- 
phide of  hydrogen.  Even  carbonic  acid  gas  {muwinI  tlirough 
tlte  tolutiona  of  these  salts  throws  down  sulphMle  of  urwenic. 

The  sulpho-arseiiiates  Itave  a  great  tendency  to  form  tiouble 
saltx  witli  each  otlier,  and  ibio  dt!<po«itioo  is  most  remarkaldo 
in  tbo«e  which  Imve  a  tendency  to  unite  when  in  the  state  of 
oxygen  salts.  Thus  sulpho-arscniales  of  sodium  and  ammonia 
unite  into  a  rrystaJlized  double  salL 
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Wlieii  iliese  salt*  urr  Iimteil  in  re(1n««s  in  nn  open  \rv*\ 
thvv  uv  eauuly  decomptwd,  siilpliiirous  aciil   and  arseiiioii* 
acid  iirc  given  out,  iind  u^ulpKuU'  rvinnin^  wtihvul  any 
of  an  HT»i-niiiW. 

\,  Suiiiht>-arsenia{e  of  ammonia,  Tbo  ni-ntnil  niU  left 
spgntuiivous  evaponition  dries  to  a  viiicid  and  glutinous 
whicb  is  yt>Uow  witli  a  sluulc  nf  red.  It  dom  not  ]tard«n,  iui<l 
raiMiot  be  complfirly  dttcd  widiotit  d<><N>ni{)o«ilti)n.  Vt'Imi 
IicuImI  in  a  wlort  it  fir*t*mcit«,  jjivi'*  out  itoinc  w-uter,  aiid  thm 
a  yellow  liquid  distils  ovvr,  n-liicli  contains  hiKulphurat  of  um- 
monift,  and  sulpliurct  of  anenic  reiniiin&,  which  is  at  hM  sn- 
bliini-d  u'illiout  lesidiie, 

'I'he.  BuliaAlt  in  obtained  moat  advantaf^'eauHly  when  tlit- 
tral  suit  i*  inixnl  witli  flidpti»>)iydrate  of  ammonia,  and 
mixture,  iifler  bein|>;  freiiUy  heated.  U  dilnlei)  with  alcn'hol  Bin) 
■bakcii.  DiiHnt;  (be  couliiiir  of  th*;  solution  tbe  «k  •ImwU 
into  pristns  irhii-h  arc  cob)urli,*«s  aii'l  wliicli  when  watJicdwjtk 
alcohol,  and  drivd  between  folds  of  blotting  paper,  renHUB 
neiirly  unaltered  in  the  air,  only  bevumitis  yellow  on  the 
snr&ee.  It  is  composed  ( abstract iii^^  the  water  of  cr 
tion).  according  to  lierzeliuH,  of 

1  iiloin  Milphitic  of  arocnic, 
a  uionM  sulphurot  of  mmnonia. 
The  &ijm//'A<>-Hr'iccMi'A/<;<tf  iimmoniii  i.t  ol)tain(-d  in  iwlutioii  m 
alcohol  when  (he  nt-titrul  lult  t«  ttirown  down  by  timt  liqtiM. 

Isuljthidi*  of  arsenic  i»  dissolved  by  ronccnlruied  anunonk. 
but  dcconipiwitd  by  dilute-  ammonia.  Even  concentnited  am- 
monia IcavvM  somv  sulphur  uiidissolvMl.  When  sulpbide  of 
amciiic  i«  left  in  animoniacal  gas  the  gaA  n  absorbed,  and  the 
ina\«  converted  into  a  »alt,  which  U  itulplio-urHi-iiiiite  of  amno- 
nia.  its  colour  n  fii-hly  yclluwi«h.  ll  is  Htlnt>le  in  water, 
and  the  tiulution  in  about  an  hour  dcposiles  an  abundant  yek 
low  pn-cijiiiiiic* 

2.  Sul/jhu-arxcHiatc  (^  potnstiittn.  The  neutml  salt  u  hett 
obtained  by  decomposing  arseniatv  of  potash  by  sulphide  ti 
hydrogen.  Emporated  in  vacuo  it  loaves  a  viscid  yelluwiab 
mass  which  shows  some  marlts  of  cryslallizalion.  In  the  of<en 
tur  it  continues  for  sometime  litguid,  but  at  lajtt  congeak  intoi 
crystallized  mius,  from  which  rhomlxtidal  tabli>s  may  b« 
t  Heated. 

'J'he  aulttalt  is  nlxsrncd  when  the  neutral  solution  b 


*  B(n«liH«,  Kong.  Vei  Acad.  Iludl.  r8?A,  p.  rt\ 


widi  nicoliul.     It  becomes  milky,  and  ilcpositcs  ulWrwards  an    ***■'"■ 
oily  like  liquid,  wlijcti  is  a  concentrated  Holutiun  of  the  salt  iu 
question.     It  is  delique&ccnl.      When  drieil  iu  a  ffcntle  Iient 
it  becomes  n  radiiiled  cry&Uillized  muss  ^^'Iiicli  a)(»iD  iiltNorlKt 
water  from  the  air. 

The  Itistilpho-arseniaU  of  potjiKtiiim  exi:>tx  in  tli«  nleoliolic 
•vlulion.  It  cunnot  be  otitainMl  in  ii  Nolid  fonn  as  it  uiider- 
giovn  dccom[>cMitton  durini;  the  fViipomtion. 

When  the  neutral  milt  is  preci  pi  luted  by  carbonic  Acid,  or 
wbvn  tliv  biiinieniale  of  )>«tiwh  t«  dcvota)>ose4l  by  sulphide  of 
liydrofT^'n  »  sii[N'i>Mlplio-nrseniate  of  potnstium  u  obtninwl  in 
tjte  sbitv  of  a  yellow  ]iowdt'r.     It  is  n  coinpouitd  of 
24  atoms  sulphide  of  arsenic* 
I  atom  stilpburct  of  potassium. 
TIm  nentra)  salt  is  n  compound  of 

I  atom  Milphido  of  arsenic       .         .  9*75 

1  atom  sulpliuret  of  pota.'«inm  ,  7 

16-75 
The  subsalt  of 

1    atom  sulphide  of  nrseuic     .         .  9*75 

1^  Atom  Kulphuret  of  potassium        .         1(H5 

Tie  bisalt  of 

'J  atoms  sulphide  of  arsenic      .         .         1&*5 
I  atom  sulphuret  of  potatsium  .  7 

SS-5 

While  the  (upersah  consists  of 

1A  atoms  sulphide  of  arsenic     .         .       234 
1  Atom  )iul|>huret  of  potusBiutn  •  7 

241" 
Q.  Svipho-artrHialt  of  toditm.  llie  neutral  salt  nwy  be 
evaporated  to  »  vise-id  mass,  which,  when  dried  in  a  moderate 
heal  becomes  lemon  yellow.  It  delique*ces  in  moist  air.  In 
a  moderate  heat  it  melt*  iu  il»  water  of  cry»tjilli/ation.  This 
water  flics  off  if  the  heat  Ik-  continued,  and  tlie  salt  become* 
a^n  solid.  The  fuseil  mass  ha»  Ultle  colour,  but  the  cold  salt 
ia  yellow. 

•  Bmdiui,  Kwg.  Vet.  And.  HaotlL  Iftfi^  |>.  fM. 
U.  3n 
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Tli«  submit  is  olilaiiiiNl  Imth  when  llie  neulnil  uilt  is 
down  by  dIcdImI  atul  wlivii  it  m  niixtnl  willi  •tiilplio-liydnue 
twdium  und  Ml  to  KpoiiUiicoiis  cvuporfttJoii.  Aloliol  ihravi 
It  down  ill  eiKiw  whiio  crysUillini-  sculvtt,  which  may  be  vncJui 
on  tJie  lilirr  with  alcohol  and  dried.  From  its  aqueous  boIp- 
tion  tho  suit  »lio»ts  into  regular  cryiituU.  Tlit-Mi  arr  MMf 
times  irrc^uliir  ttiomboidal  ])ri&tns,  sometimes  lotifr  six-sidej 
priams  soni'-wliat  flat  wUli  two  sharpvr  nii^lcs.  Wlicn  very 
■lowly  evu(i«r,»lcii  the  cry>laU  are  tniiisliiceiit  four-sided  prismi 
with  rhomhie  bases.  If  iJie  crystallization  be  effected  bekm 
the  Irev7.iii<;  point  tlie  cry&taU  are  translucent  octahedrons  with 
rliumliuiddl  hiuM-s.  'Hii^  salt  'is  not  altered  by  expuxurc  to  dM 
air.  The  translucent  vryittailH  of  it  are  yeUowi.->h,  the  opw|c)e 
erystnts  are  milk  white.  It  i*  very  soluble  in  uitter.  \\'lirii 
the  translucent  crystals  are  slightly  licuted  tliey  lose  tlifir 
water  of  crystallizaliou  und  become  milk  white.  Wlten 
strongly  heated  they  become  yellour,  tuid  some  i^ulpliidr  i<( 
hydrogen  is  diseiij^ged.  When  heated  in  a  retort  it  melu  la 
its  water  of  eryMaUization,  forming  a  light  yellow  liquid.  The 
water  then  makv^  Ut  escape,  leaving  a  white  suit,  wliidiM 
last  undergoes  a  kind  of  decrepitation,  during  which  a  linir 
Milphide  of  hyilri^en  is  evolt-ed  and  (he  Halt  beconiM  yellow. 
Il  (hen  molts  without  deeompusiiiou  into  u  dark  ml  li<iukl, 
which  becomes  yellow  on  cooling,  and  it  is  still  soloble  ti 
water.  From  the  anulpi*  of  Bcrxelius,  il  would  ajppear  that 
tliis  suh»nlt  is  a  compoMn<l  of 

I     atom  sulphide  of  arsenic     .  0*78 

IJ  atom  siilphuret  of  Nodiutn    ,         .        7-30 
7^  Dtums  water       ....        8'4375 


25'6S75 


Uimiphn-artniM/e  of  itodium  i^  ohtained  by  means  of 
hoi.  It  is  known  only  in  solution  in  alciihol,  vhicli.  wlira 
distille*]  off  to  a  ct.'rlain  quantity  uHen  depositcs  a  pervulphvrvi 
of  arxenie  in  very  fine  cry-Htallixcd  scale*. 

A  superiiulpho-Rrscntutc  of  sodium  is  ohlained  in  the  muw 
way  a.'*  tlie  salt  of  potassium.  Ir  a  yellow  and  pulveruleM^ 
and  has  not  been  analyzed.* 

4.  Sttlpho^rneniate  qf  titfiiiim.  Tho  neutral  salt  docs  not 
crystalliie.     It  may  l>c  dried  to  a  lemon  yrllov  masa,  which 


•  Bcrtelius,  Koog.  Vet.  Acad.  Ilsnill.  IW5,  |i.  M7. 
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(loes  not  absorb  moUturc  in  tlie  air,  atid  wlikli  dbiolves  again    **^  '"- 
completoly  in  water. 

The  subKiilr  ii  [irfcl[iilntcd  by  iilcoliol  in  larjio  c(>l<mrlc«8 
brilliant  cr^stiiliiiu-  sailer,  rnsity  sobible  in  watrr.  Wlion  n 
boiJing;  solution  b  rapidly  cooW  ilipy  atsiime  the  fonii  of  six- 
sided  prisms,  and  l)y  hpnntanei>u«  ovapornliun  sbnot  into  flat 
foiir-sidMl  prising  wiib  rliomliic  biur^  When  b(-iit«d  lliey 
behave  precUcly  like  the  soditun  taU. 

Bisvlf'ho'arsmialf  of  tttliinm,  and  fnpertulpho-arsmiatr  of 
litliiiiin,  rvscmblc-  very  closely  the  same  salts  of  sodium.* 

5.  Sulpho-araeniuU  c/barium.  The  neutral  salt  is  very  solu- 
ble in  water,  and  dries  to  a  porous  lemon  yellow  mass,  which 
is  still  ooinpletely  soluble  in  H-Bt«r.  If  all  the  water  be  driven 
off,  it  is  ag;ain  absorbed  on  expofure  to  the  aJr.  'iliis  causes 
it  to  swell,  and  in  fall  down  in  powder. 

The  sub«alt  in  cpiite  tiimtlar  to  the  neutral.  It  is  obtained 
when  iho  nrulral  Hiilt  is  heated  in  n  retort  ton'dncu.  by  which 
sulphur  ami  sulphide  of  arsenic  are  sublimed,  and  a  fused  mn.«« 
remains,  whtdi  when  cold  is  brown,  and  wbteh  readily  dissolves 
in  water,  leaving  a  brown  substance:  and  it  dries  into  a  lemon 
yellow,  not  cryKtalliKidiie  mawt, 

StxitMJp/to-arxeniatf  of  Imriiim  is  obtained  in  the  alcohol  solu- 
tion, which,  when  eva])onited,  letii  fall  a  yellow  powder.  It  is 
JtHoluble  in  water,  and  is  tiecomposed  by  acids  with  ibe  evolu- 
tion of  sulphide  of  nrsenic.  Accordinj;  to  Itenelius';!  analysis, 
Jt  is  u  CDDipound  of 

6  utoms  sulphide  of  arvenic  ,         &d-i 

I  atom  sulphuret  of  Ijoriuin         .  10*6 

6»t 

6.  Sulftlxharteniale  <^  Mtrontifim  is  easily  soluble  in  water, 
and  lias  (juite  the  eluiricteni  of  tlie  Irarium  salL  When  it  is 
niixeil  witli  alcohol,  we  gel  eitlicra  syrup  like  precipitate,  or 
a  white  powder.  Both  are  the  sulisalt,  more  or  less  free*! 
from  the  neutral.  It  is  easily  dissolved  in  water,  and  rmembles 
the  neutral  in  its  characters.^ 

7.  SuipAo-rirM-Hiale  of  ralrimn.  The  neutral  salt  is  c|uite 
«imiiar  to  the  barium  mlt.  It  dries  to  a  clear  sli||;litly  eob>or«-d 
«yrup,  which,  when  the  spontaneous  evnjiornlion  is  euuliinted 
longer,  becomes  yellow  on  the  edges,  and  at  last  hardens  to  a 

•  Bmdiiu,  Konit.  Vet.  Arad.  Hand!.  IBiS,  p.  tTa 
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yellow  trnii»luc«nt  mass,  wbicb  at  160=*  loses  iu  water,  but 
recovers  it  again  when  exposed  to  the  air,  <luriiig  wbicli  it 
HWclK  rnickN,  n»d  si>|iarBtes  from  Uie  i;lit.«t.  A  Kynijiy  solu- 
tion being  rx|>oM.-d  for  Hoinc  days  to  u  lonipcruturv  of  14%  did 
nut  ftboot  into  crystals,  iior  did  it  freeze. 

I1ic  suhsult  is  «!uily  soluble  in  water,  and  does  not  crystal- 
lize. It  iH  obUiiiied  when  tlie  neutrnl  salt  is  dilated  wttbaa 
excess  of  !tii]pliiiri-l  of  caiciuin,  uiid  the  tSkercd  liquid  eviq>oa-| 
ted.  iMvobol  uUo  throM'v  it  <lon-ii  from  the  neutral  Mliitioii|l 
cither  ill  tW  sbite  of  a  syrup  or  a  powder,  according  to  tLe' 
qiiatitily  of  \v»U-r  which  it  retains.*  i 

6.  Suliiho-araeitiatt  f^ magnrsium.  The  neutral  salt  14  solu*: 
blc  ill  water  in  all  proportions,  and  dries  to  b  lemon  yelW 
maa,  witlt  indications  of  crystallization.  It  absorbs  no  water 
(rom  the  air,  bul  remains  unaltered.  Its  aqueoua  Bolution  ii 
not  preei]>itated  by  alcohol. 

I'he  subsalt  is  obtained  when  the  neutral  salt  \%  mixed  wltk 
a  solution  of  sulpho-hydmt*!  of  tnagne^ium,  a»  long  us  sulpMc 
of  hydrogen  is  evolved,  and  tlio  liquid  tlien  erapoisted  ii 
vacuo,  it  shoots  into  colourless  iicedle-form  cT)*s|als,  wUch 
deliquesce  in  the  air.  Alcohol  dissolres  irvm  it  a  nuntial  cal- 
cium salt,  and  leaves  a  salt  with  a  still  gfreater  excess  of  bsK^ 
which  \a  nearly  insoluble  in  water.f 

9.  Sulph(Mirttniatf.  nf  olnmimim  is  a  light  yellow  precipitate.; 
Afier  dryinji,  the  earth  is  taken  up  by  acids,  without  any  uneU^ 
of  sulphide  of  hydrogen,  so  that  the  dry  mass  ts 
mechanical  mixture.^ 

\Q.Suip/to-arscnialeofgliiriitiim.')„-  ,     .       ,  ,, 

1 1 .  S«/pf^ar^niate  o/ffHr..r«.     I  ^^"*y  '^  ^^'  '"''"''l^ 
water.     The  neutral  salts  of  these  earths  are  neither  predjiT 
.tatcd  by  tlic  neiitrul  nor  sul>«ulplio-arsetiinl4>s,  and  the  hydra: 
of  these  earths,  digested  with  sulphide  of  iirsenie,  dissolve  iS 
portion  of  it;  so  that  the  'wlutioiis  become  yellowish,  and  lelj 
foil  sulphide  of  arsenic  when  treated  with  acids,^ 

12.  Suljiho-arfianatt  of  txrivm.  Both  the  nentml  andsab 
salt  are  ii>  the  stale  of  a  light  yellow  precipitate,  which  beroaM 
somewlmt  more  yellow  in  drying.|| 

IS.  Bisuiffha-arseniattqfcvrittm.  'I'he sulpho-nrseniate 
by  means  of  the  peroxide  of  cerium,  is  slightly  soluble  in  M^ler, 
HO  that  the  precipitate  does  not  appoar  when  the  solutiuu  il 


ui 


•  Bcntcliiis,  Kong.  Vet.  Acnd.  llunill.  IWS,  p.  87*. 
X  Ibid  |i.  ^0.  f  IbiJ.  p.  875. 
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very  dilute.     The  preci|HtBte  is  white,  with  a  slight  shade  of  sm.ni. 
yeilovr. 

14.  Snfpho-anettiate  of  sireomian.  \\'hilf  moist,  it  is  lemon 
yellow,  hut  becomes  orange  on  drying;  so  that  the  colour  of 
sulphuret  of  zireoiiium  appetire.  It  itt  not  in  the  least  allorH 
l»y  uHtl.*,  wliirli  dissolve  no  zirconia  out  of  it,* 

15.  Sut/iho-nriKuiiiteo/ironu  tiirown  down  of  a  d«rk  brown 
colour,  whicli  speedily  becomes  quit«  black.  The  prcripitate 
diMolvm  with  n  dark  brown  colour  in  iin  excess  «f  the  precipi- 
tant, and  forms  a  dark  lirotvii  lit^uid.  When  dried,  it  is  de- 
composed, nnd  gites  a  dark  rutit  coloun-d  mutter.  A  portion 
of  th<r  iron  is  thereby  oxidi/.ril,  while  nnothvr  portion  combines 
with  an  nddilional  doite  of  »idphnr,  and  is  ehaiiKcd  into  (he 
next  folloH-ing  salt.^ 

16.  Sui///io-aratniafe  of  bigNtphuret  <f  irvn  i%  ihTnyen  down  by 
t)ie  neutral  salt  in  the  tbrm  of  a  Socky  mass,  of  a  dtiij^y  gray 
colour,  witli  a  lint  of  green.  The  precipitate  h  partiiilly  dis- 
solved by  the  precipitating  medium.  The  Itqnid  becomes 
almost  bUck,  and  lenvcs  nndiHKotvcd  ii  black  matter.) 

17.  Sulpho-nrfrnintr  nf  matiffanrsr  is  soluble  iu  water,  both 
when  it  coiitnins  tu'o-tliirds  of  sulphide  of  nreenic,  and  when  it 
is  neutral.  The  salia  of  mangaoese  are  not  precipitated  by 
ll»e  Nulpho.nnieniates.  If  cnrbonate  of  mangiinesc  he  boiled 
with  newty  preripitated  and  well  washed  milpliide  of  itnenic, 
the  carbonic  acid  k  <lriven  off,  and  a  eombinatioii  takes  plnco. 
Dut  the  best  way  of  obtaining  tlie  sutt,  i»  lo  digest  newly  pre- 
cipilaled  and  still  wet  sulphuret  of  manganese  with  sulphide 
of  atvenic  and  water.  The  greatest  part  rcraiiiti»i  tit  tlie  state 
of  K  yellow  powder,  which  dissolves  in  a  grealer  qiiantily  of 
water,  if  it  be  phiced  in  contact  witli  it.  When  xul]>ho^r«cniatv 
of  manganese  is  put  into  ntrong  i-aUKtie  nmmoniii,  tl  is  decom- 
posed, and  a  tile  red  powder  rcnunnts,  which,  nccuiding  to  13cr- 
xeliun's  analysis,  b  a  tris-sulpho^rseniatc  of  manganese,  being 
comjKised  of 

I  atom  stilpltide  of  arsenic  .         .         0'7ft 

3  atoiwi  siilphuret  of  manganese  .       10*5 

18.  Sulpho-arsrtiiate  of  nirktl.  It  gives  first  a  clear  yellow 
brown  liqiiiil,  which  afterwards  darkens,  and  is  precipitated. 
This  happens  both  with  the  neutral  and  suIhmiU.II 

•  Bcneliiis,  Kmis.  Vtt.  Acad,  IIkiI'II.  \hii.  p.  $T«.       t  Ibid,  p-  £7K. 
t  ll>ij.  {  ll>y.  |>.  !i7U.  t  »»d.  p-  It^O- 
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•J^  19.  Svfpho^rKKiale  o/eobaii.  It  is  oblaincd  in  lite  stale  at. 
a  (iiirk  brwwii  powiier,  wbicb  w-Uen  callvitod  is  liluck,  and  c«»- 
tiiiiioA  black  wlicii  dry,  II  is  noluble  in  an  oxccsis  of  tlie  jut- 
ci|>itaiit,  witli  a  diirk  brown  colour.* 

■20.  Suli>h*>-nriirniale  of  zinrr  is  ilirown  down  in  tlic  fonn  of  ■ 
light  jt'lluw  bulky  |>oW(li-r,  wliicli  wlieii  dried  assuinvN  a  fin* 
orang^o  colour,  'i'lic  sitlMult  wlirii  thrwwn  do«-u  is  iiit».-lt  IrM yeW 
low,  but  when  dried,  assumeH  tltc  sumc  culour  as  the  □eutnil«idt.f 

21.  Su/pho-argeniate o/ciiflmiNm.    .\  Uj^bt  yellow  precipitate. 

22.  Stitpho-arsenhfr;  of' had.  The  neutiul  salt  forins  a  dark 
brown,  tlie  ftuhutlt  a  fine  red  precipitate.  When  collected 
they  become  darker,  awf  when  dry  arc  black. { 

23.  SutjiJio-aricHiah-  uftin.  \  dark  ehe»iiut  brown  predpl- 
bite,  wliich  retains  ite  colour  ou  dryin^^.  The  neutiul  nA 
subsalt  are  quite  alike,  j 

24.  Snlpho-arsemnU  of  bisidphuret  of  tin,     A  light  yellow' 
viscid  preeiJlitilt(^,  bolh  when  neutral  and  when  a  subsalt.    No( 
easily  separated  from  tliu  water  on  the  filter.     Whcu 
btis  a  fine  omnge  colour.  [| 

25.  Suif>hif-iirsininte  nf  mpper,  A  <Ij»rk  brown  preci 
which  when  dried  become*  black.  Thi.'*  »alt  is  uft«n  f( 
during  annlyscM,  when  an  acid  liquor,  containing  both  ar*enU 
Ktid  copper  is  precipitated  by  sulphide  of  hydrogen.  If  iirteBM 
aeid  ill  e:(ce^  be  present,  the  lirst  prccipilute  is  brown,  aM 
eonsisis  of  fliilpho-arseiiinte  of  copper;  tlicn  sulphide  of  arecnid 
i&Wa  of  n  yellow  colonr.H 

2G.  Stil/)/io-4iritenialr  of  hitrnvth.  Kurmft  a  dark  brown  pi«H 
dpilate,  both  mIk-u  neutrul  and  in  the  sUite  ofu  subsalt  Iti^l 
tolublc  in  an  excvss  of  tlic  precipitating  medium.** 

27.  Stilpho-aTsmiaU  <ff  merctiry.  Whether  neutral,  of  ii 
the  state  of  a  subsalt,  falls  of  a  dark  yellow  crdour,  which  ill 
nut  alterc«l  when  dried.  It  may  be  sublimed  without  fpvind 
off  any  sul|diur.  The  sttldimnle  it  a  bright  black,  and  giwi 
red  powder  like  ciniiabiir.|f  1 

2t^.  Sitljtfi'farteniatc  of  sulsiiipfiurrf  if  mercury.  If  the  su 
from  which  it  is  obtained  be  fr«e  from  rcfl  oxide  of  mercunrJ 
it  gives  H  black,  in  the  contrary  case,  a  dark  yeIlowi.-h  prectpi-^ 
talc,  which  on  drying  becomes  darker.  When  heated  in  aJ 
retort,  it  decrepitates  violently,  and  metallic  mercury  is 
out,  without  any  inicv  of  sulphur  or  cinnabar.     Tlie  dec 

•  Berctlius.  Kong.  Vet.  Ac.iJ.  Hand!.  18*fi,  p.  S7a       f  IW*!-  P,  ■ 
I  lUiJ.  p.  i79.  $  Ibid.  I  Ibid. 

^  Ibid.  p.  880.  "Ibid.  tt'bid. 


8l«l.l>IIO-AIISIENIATt:H.  9  IS 

BK*. 


I 


tatcd  uilt  Uieii  sulilimoK,  and  is  coiivrrUtl  into  sulplio-orseiiiute 
of  mercury." 

a9.  Suipho-arsruiate  ofsilirr  falls  witb  a  dark  brown  colour. 
At  finil  il  iippcars  to  dijisolvc  in  wntcr,  but  gradually  collects 
togetlier,  itnd  appears  black.  W'kfri  dried,  it  coiiiititiites  a 
black  mass  whose  |)flwder  It  broivii.  'I'lie  neutral  aiid  subfialt 
nrv  i|uil«^'  alike.  Wbcii  di»titl>-d,  it  iii-itbor  gives  out  nulptiur 
nor  Hulpliidc  of  araenic,  aud  in  it  full  reil  beat,  melts  into  a 
splendid  gray  ini'tnllic  bcail,  wilbout  Ki^''"K  *'"'  '"'y  ^'t'li'tilu 
matter.  I'bb  beiul  in  soft,  miiy  bv  iiulented  wiili  the  Iiainnier, 
ojid  cannot  be  pulvcri/cd.f 

30.  Suijtho-<ir»r.niab:  iifffold  is  soluble  M-ilb  a  reildiisli  bron-ii 
colour  in  watvr.  Tbe  sutisalt  is  thrown  down  of  n  dark  brown 
colour,  but  w  oguin  diseolvod  wIk-u  it  U  wU8bc<l  on  the  filter. 
When  lilt-  suUition  is  mixed  nHtb  sulphate  of  iron,  m  ycllowisb 
brown  Kubstunco  lalls,  aud  Ibc  liquid  becomes  coloiirktw.} 

31,  Siifpho-^retniale  of  jJalintim  forms,  wbctLcr  neutnd  or 
in  tbe  state  of  Hubwdl,  a  dark  yellow  solution,  which  liecumes 
gradually  dark  brown  without  any  preeipibite  falling.  .Sulphate 
of  iron  tlirowit  tlown  a  brown  matter,  so  <lark,  that  it  uppuard 

black,  and  ilie  liquid  becomes  eolourlexK.^ 

8*2.  Snf/t/Nt-nrittniaif  of  anlimoitj/,  A  brigkt  yellow  com- 
pound, easily  fu-tible.  || 

33.  Svlpho-artminte  <if' rhrmnium  wlietlier  neutral  or  a  nub- 
salt  liiis  a  muddy  yellow,  and  when  dry,  nn  impure  fine  yellow 
eoiour.^ 

34.  Snliiho-areentaU  ffmolf^cHum.  A  fine  yellowisli  brown 
solution,  wbii-li  becomes  darker,  but  Ids  ta\\  no  precipitate.** 

35.  .Imtnonia-xu/p/ur-arttMiate  of  todium.  The  subsalt  is 
obtainvil  by  mixing  the  two  constituents  tluit  go  to  the  forma* 
tioii  of  the  double  salt,  and  diluting  ibe  liquid  with  alcohol,  and 
then  agitating  the  whole.  During  the  cooling,  small  four- 
ftidcd  tables  shoot  upon  the  inside  of  the  glaw.  When  ruI*- 
BulphoHirM'niute  of  »odium  is  dis.solved  in  very  little  water,  and 
ml  ammoniac  in  the  requisite  quantity  is  added  to  the  solution, 
the  doable  salt  gradually  nhoot*  into  six-sided  prism*,  witb  two 
broad  laces,  having  a  slightly  yellowish  colour.  The  salt  u 
not  altered  by  eipoeurv  to  lite  air.  When  distilled,  sulphuret 
of  aininunia  and  a  little  n-airr  juiwieN  over,  and  sulpbo-arseniate 
of  «<udiuui  remains.  According  to  the  analysis  of  Uerzelius, 
this  <louble  salt  ts  a  compound  of 

•  Bcrwlius,  K(N«.  Vh-  AntiL  HmJI.  I»83,  p.  ?B0.        t  \h\A.  y.  tM. 
|ll>>d.|>.8»l.        pbid.         n  ]>»<'•        1  »>'>J-  ">■><'■■ 
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BVLPiiUH  ACID  Salts. 

1  Ktom  Buh!teM]»i-siilpbo-ar)ieniate  of  sodium, 
I  iilom  tri.'i-tiiilplio-araerimte  of  animoiiia. 
It  19  muck  more  emuly  <lis»ulvetl  m  water  than  llie 
alone.* 

SG.  Ammonia-*vlph<>-arsfMiale  qfmat/ntjaum  w  I'wi 
■olutions  of  tlic  two  «alts  in  alcohol  urv  mtxvi). 
minutea  a  subaalt  falls  in  finv  white  cry&taUJoe  needJco.  It 
is  slowly  ili-t-oin)>o«e<l  by  rxpusurv  to  (lie  air,  to  n  nvuUd 
salt,  nod  Itt'comcJi  ydlaw.  It  <liftsolvcs  readily  in  water,  and 
given  out  Milpliiiretofaminoiiiii  if  the  liquid  be  heated.  Wbai 
left  to  KpontuneoMH  owiporiition,  it  dries  to  a  yellow  mass,  dqI 
crystalliiiud,  and  suluiilc  in  watvr.f 

07.  Sodinm-MufjiJio^rnrniale  f(f  potaiaiuirt.  It  is  made  by 
toixitifj;  together  the  two  saliiic  conolitiivuls.  The  sobalti 
cr)-stallize  togctlier  in  very  regular,  colourletfs,  or  oli^hUy  yd- 
towi«h  cryslalH,  in  slmpe  quite  eimiUir  to  that  of  the  two  pt»- 
ceding  double  salts.] 
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These  salts  conitiat  of  compouuds  of  orpimtrtt,  which 
be  called  uxtjui-HulpAide  q/'  u/mnic,}  and  (he  nikaliiie  sujjilia- 
TCt«.  'I'lii-y  may  be  obtainvd  iu  tlie  tuime  way  lu  llxc  tnlpito- 
anctiinttrs,  isubstitutinff  for  nrscnic  iicid  and  sulphide  of  ai»caic, 
arwniouH  acid  and  urpiuient.  Tlicyaro  formed  excluuvelyby 
the  dry  way,  and  cannot  be  obtained  by  means  of  the  alloliiM 
siUphurets. 

Alkaline  sulplto-liydnites  dittsolve  orjiiinenC  only  till  tin- 
•olulion  contjiiii  a  bisiilpho-urMMiite.  'I'he  Hvilphiirets  of  haHuro, 
caldum,  and  maguvsium,  take  up  a  rery  iiicousideniMe  exce» 
of  orjiiment. 

Thesi-  salts  (when  the  bases  are  colourless),  whether  neutral 
or  in  the  state  of  gubwlte,  are  oolourlea,  and  hiivc  only  a  uli^lit 
tint  of  yellow.  The  tuilts  with  coluured  bases,  have,  in  geiu>nl, 
the  same  coUiuni  as  ihi;  nulpho-oneniateis  their  tiwlu  oud  smrll 
are  also  «imitnr. 

They  ure  bnt  obtaiued  either  in  a  »oIut  fornix  or  in  a  diluU 
M>lu(ioii.  'llie  subMills  may  be  kept  better  lluui  tlte  neutml  or 
ftiiper'alh.  When  a  solution  of  lliese  Mills  is  vvuporated,  it 
beghiH  at  u  certain  degree  of  concvntiatioii,  to  assume  a  browiiuli 
yeUow  colour.     It  then  deposites  a  brown  powder,  wlitch  In- 

•  Bcraollo*.  KoDK-  Vet.  Acad.  lUndl.  i»2S,  p.  »S.      t  Ibid,      t  Ml 

5  Thii  lulplilde  ii  anNl<^u>  in  it*  oon]i>o*iliiMi  lo  arMnioui  acid.    II«M( 

thcrcnton  Tor  tl)iti>i£>iiithinf[  thii  fcnwtorMti»li]r  lheniuncm^pJb-«/vM(M. 
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creaxes  till  tlio  salt  dricti,  wlicn  it  is  in  a grciat  measure ileMim-    mm-iv. 
|Mwe(I  iiitv  tmlplio-araeiiuili: mid  subftul|>bo-nraeiiite.    Water <li*. 
HolvcH  only  tin-  lirst  of  iIjom;  salts  leaving  iJie  secwnd,  wlitcht 
however,  may  he  taken  up  lij-  boUing  water.    Alcofaol  prixiuWB 
a  similar  decoinpoMtion. 

Orpitneiit  <li6solv(-§  easily  in  catutie  pota&li  or  Mxla.  Tlie 
oolcl  solulioi)  ill  nearly  coluurlean ;  wWii  buik-tt  it  aMumra 
a  dark  brown  colour,  nnd  ut  \atH  (li;[ioaiu>»  a  dark  brown  powder, 
wlik-li,  wtieii  dry,  in  alu)o»c  liluck. 

Tk«  aul)>bo-ur9cniti-K  uiib  an  ulkulliic  busis,  arc  not  decom- 
posod  at  a  r«d  lii-al  in  a  re:orI.  The  ulber«  lose  moiv  or  lew 
of  tbcirorpimenl.  By  alcuhul  they  are  decomposed  indiesiunc 
way  OS  tlic  itiilpli«-»rM-ntutes.  The  subaalts  which  are  thrown 
down  by  uU'iilio],  fire  obtuincd  only  wbeu  the  »olutiun  is  not 
lully  «utunited  u  ith  orpiinent.  I{y  acida  tbey  are  altered  in  a 
wny  analogous  to  the  sulpluj^rseniates.  lCa»ily  reducible  oxy^fen 
bases  or  oxides  form  with  tiiem  in  llie  cold  ar«t-niu-»,  and  wln-n 
boiled  with  tiieui  ar»>emaU!»,  while  the  reduced  metul  miites 
with  the  Jtulphur,  producing  a  sulpbo^arscuiate. 

'I'be  svlutioiw,  when  exposed  to  tJic  air,  undergo  similar 
alleralioiis  uidi  tlie  sulpho-arseniates,  but  they  dcposilv  no 
aulpliur. 

1.  Sifipho-arKttUt  of  ammonia  U  obtained  when  orpiment  U 
disMilved  in  sulplio-bydrate  of  ammonia,  or  iu  caualtc  uinmoniu. 
It  ia  deeompooed  by  ^poitlaneoua  evaporation,  aiul  leaves  a 
brown  pow<UT,  consisting  of  a  mixture  of  «r|iiment,  witit  a 
lower  degree  of  eitlphidc  of  arsenic.  Urpimeni  is  dJiMolved 
wbeu  boiled  with  vurbouate  of  ammonia. 

When  a  soUition  of  ibc  neutral  talt  in  water  is  mixitl  wttb 
alcohol,  a  while  crj'staUine  precipitaU'  Jails,  which  speedily 
becomes  broHii.  Hut  if  the  li(|uid  l)e  first  niUed  in  an  excess 
of  tiulplio-bydrute  of  luniuoniii,  we  obtuin  a  milky  liquid  which 
afterwards  beeomes  elejir,  ti'liile  light  feather-sliaped  crystals 
are  deposited,  constituting  a  subsult  composvd  of 

I  atom  sesqui-nulphide  uf  arsenic  .         ■  7*75 

3  atoms  snlphmvi  of  iunnioflia  •         •         15*375 

33I3S 
Wliei)  i*ollccted  on  m  Rlter,  and  wiu-lieil  with  idcohol,  they  are 
white,  but  bci'ome  yelluw  iu  ihciur  while  Huljdmret  ot  ammtH 
nit  is  erolvvtl,  and  at  Ust  orpiment  only  remains.* 
•  DciM'tui*,  Konf.  Vcl.  AcmI.  lUndl.  It>»,  p.  »W>. 
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cmvil       2.  Sulpho-arseniUofpota88ium,~l 

0.  Stdpho-araenite  qftodium,    {■  are  obtained  ouly  in  dilulc 

4.  Stdpfio-arsenite  ^lithium,    j 

eolutions,  or  in  an  anhydrous  form,  by  prepaiing  tliem  in  the 
dry  way. 

If  orpiment  be  ftued  with  carbonate  of  potash,  and  the  esces 
of  orpiment  be  driven  off,  we  obtain  bisnipho-arsenite  of  potas- 
sium, from  which  water  takes  up  a  neutral  sulpho-aisenite,  and 
leaves  a  red  undissolved  matter  consisdng  of  sulphuret  of  potas- 
sium saturated  with  orpiment,  and  a  hyposulpho-arsenite  of 
potassium.  Caustic  ammonia  dissolves  the  6rst  of  these  salts 
and  leaves  the  second.* 

5.  Sulpho-araenile  of  barium  forms  an  almost  colourless  liquit^ 
which  dries  to  agummy  likesubstance,  and  assumesafincreddish 
brown  colour.  It  dissolves  again  completely  in  water  widiout 
communicating  colour.  Alcohol  throws  down  from  tlie  solution 
B  subsaltin  crystalline  plates.  It  is  formed  also  when  orpimeat 
is  digested  with  an  excess  of  sulphuret  of  barium.  Itdissolves 
with  difficulty  in  water,  and  when  evaporated  iu  the  open  air 
deposites  fine  white  flocks  of  a  subsalt  mixed  with  minute  crys- 
tals of  sulphate  of  barytes.f 

6.  Sulpho-arseiiite  of  calcium  is  formed  by  macerating  orpi- 
ment with  hydrate  of  lime  and  water,  the  arsenite  of  lime  which 
is  formed  at  the  same  time,  remaining  undissolved.  The  solu- 
tion is  colourless,  and  when  left  to  spontaneous  evaporadon 
deposites  fine  featlier-sbaped  crystals  of  a  subsalt,  mixed  wiih 
which  occurs  the  neutral  salt  in  the  state  of  a  brown  matter, 
nut  crystallized.  If  the  neutral  salt  be  mixed  with  more  orpi- 
ment, it  takes  up  an  additional  portion  and  becomes  yellow, 
but  soon  begins  to  depositc  a  brown  powder.  If  it  be  now 
teft  to  spontaneous  evaporation,  it  becomes  light  brownbh  red, 
andleitves,whendissolved,subsulpho-aTsenite  of  calcium  behind. 

If  alcohol  be  mixed  with  a  filtered  solution  of  a  suit  with 
excess  of  sulphuret  of  calcium  we  obtain  a  white  crj'stalline 
precipitate  composed,  according  to  the  analysis  of  Berzelius,  of 

Orpiment 33-55 

Sulphuret  of  calcium       .         .         .     29-80 
Water 36-65 


100-00 

"  Bcrz«Iiu3,  Kong.  Vet.  Acail,  Hundl.  teS5,  p.  ?85.  -f-  lUd.  p.  fST- 
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'I'liis  is  obvionslj-  ^quivslcnt  to  »"«.iv, 

I    atom  oTpimcnt  .         .  .  7*75 

Ij  atom  sutjihuret  of  calcium  .  .  6'7S 

7j  atoms  w«t«r  .         .  .  S-4075 
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7.  Suipko-artmilc  of  mngncsium  is  easily  soluble  in  water. 
Wheu  the  ftolulioii  is  evaporated  it  becomes  liglit  brawu,  ns- 
somea  tlie  form  of  a  dammy  man^,  wtiich  at  la«t  dricR,  and  b 
no  fiirllier  altvn-cl  in  ibi^  iiir.  Kvt^ry  time  it  is  ditwolved  and 
evaponit«cl  it  leaver  a  llttli^  brown  hyposulphoMkrevnitv, 

It  (liMolvpH  cumpk-l(?ly  and  easily  in  uicoboL.  If  a  conccn- 
(rnbid  aqueous  solnlion  be  left  in  tbe  lempcmturc  of  *J3°  it 
deposttes  eolourless  needles  of  byposutplio-arsenite,  and  a 
tlark  rcddisb  brown  mass  of  sulpho-arMtnite  of  magiu'sium.' 

R  Salpho'araeftite  ofglucinum  gives  a  ligbl  y*'llow  (irev-ipi- 
tate  without  the  nmell  of  sulphide  of  bydrogon.  'I'bv  t>uprr« 
iiatant  liquid  is  yellow,  a  proof  ibal  tbv  precipiiatv  w  soluble 
n  111  The  precipitate  retains  \x»  c(dour  when  dried.  Caustic 
ainmonEa  (li>4olvrs  the  orpiment  and  leave:!  tlic  regenerated 
eartli.t 

0,  Sul/iAo-amenUt  qf  altuninttm    ")    exhibit   tlie   same   pro- 

10.  SHljiho-arfifnUt  ofjftlrium      J    pcTtiea.J 

1 1.  SuZ/tAo^rscniU  o^  ct-rium  gives  a  very  fine  orange  pre- 
cipitate like  cliromate  of  lend.  The  HU|)ertuit:int  liquid  ii  yel- 
low. 'l*be  colour  becomes  otill  finer  when  ilie  pret'ipitalf  U 
dri«d.  It  fuHes  ij)  an  incipient  red  heat  oiu]  bccoiiuM  translu- 
cent. After  thitt  it  gives  out  a  portion  of  orpiment,  but  con- 
tinues in  fusion  and  n-niins  il.n  transparency.  The  fu»ed  mass 
when  roasted  in  the  open  air  u  easily  changed  into  a  sulpliate.} 

13.  Sii/pfio-ttrsttutf:  of  zircoMiHJH  forms  an  orange  jellow 
precipitate  which  blackens  when  dried,  and  is  not  deeoniposed 
by  aci^K     It  i^  slightly  soluble  in  water.|| 

13.  Siiipho-arsenife  qf  iron  gives  a  dark  brown  precipitate, 
almost  black,  which  dissolves  with  a  brown  colour  in  an  excess 
of  the  precipitating  medium.  When  dried  it  becomes  grayish 
brown,  and  when  pulverized  gives  a  dark  brownUlt  powdert 
consisting  of  oxide  of  iron  united  to  sulpho-arsenite  of  btsul- 
pburei  of  iron.  When  distilled  it  given  off  orpiment  and  »ul- 
pburou.1  acid,  am)  leaves  sulpluile  of  iron.^ 

■  lUndius  Kong.  Vet.  Ami.  Haiidl.  IftS,  p.  tee. 

i  tliiJ.  1  Ibii.  $  Itiid.  [>.  SbO. 

t  Ibid.  1 1blit  p.  «>». 
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14.  Sulpho-arsenile  (if  bisuipkuret  <^  iron  fornmun  ollre  green 
'  precipitate.     An  excess  of  th«  pretnpitating  mrdiiiin  disMlVM 

it  witli  a  hlnvlt  colour.  \\^lteii  drici]  it  in  ^reen,  and  i(  givra 
a  fine  ycUowwh  jjrci'ii  p«wi1«r.  It  fuses  very  vwtily,  aiid  be- 
comes tmnBliicciit  iind  ycllowiiilt.  ^^^lcn  heated  to  rcdnrsi  b 
a  retort  it  is  di>eoiiipoHCil  uitd  Icnres  sutpliuret  of  iron  without 
any  arsenic." 

15.  Su/p/ta-arifTiilf  qf  immijaHtw  ^vph  an  oninge  precipitate 
vliich  hecomos  dark  coloured  M'liite  drying.  Its  powder  lias  a 
fine  dark  yellow  colour.  VN'lien  distilled  it  f^ives  out  orpi- 
ment,  and  leaves  a  yellowish  green  substance  wlticlt  i»  not  far- 
tbi^r  decomposed,  f 

16.  Sulfiio-arteKite  of  nirtitJ  is  a  black  pr««ipi(ate,  whicl 
robtins  ili*  colour  on  drying  and  gives  a  l)lHck  powder.  When 
distilled  it  easi\y  (osch  its  oqilment,  oiid  leuves  a  yellow  stalac- 
titical  aulphufct  of  nickel.^ 

17.  Snlpho-iirfrnUe  i^coball  give*  ii  <l«rk  brown  preciptlltA 
The  supernutunt  liquid  has  at  lintt  the  same  colour,  but  ut  Ivl 
h<Komes  clear.  The  suit  is  diwolved  by  an  excess  of  the  prv* 
cipitnting  medium,  ^\'ben  dried  it  becomes  black.  Whvs 
distilled  it  giveis  out  orpiraent,  and  leaven  n  gray  metallic  fused 
ma-ss,  which  contains  Kulphiir  and  nntcnic.niid  wliidi  Benieliiti 
conjectures  to  1>e  the  saino  as  gliince  cobuli.§ 

18.  Sulpho-araenite  ^ zinc  gives  a  lemon  yellow  bulky  pre- 
dpilale.  When  dry  it  is  light  orangn.  M'hcu  heated  tor«d* 
ness  in  a  retort  it  gives  out  u  portion  of  or^iimcnt  and  leAvee  a 
yellow  hard  cohering  snbstnnoe.  In  the  heat  at  whidi  glaai 
melts  it  gives  out  the  last  traces  of  its  oq)iuient  and  iMtvd 
Bulphurec  of  xinc.ll 

19.  Stilpho-artenitt  af  ratimivm  gives  a  light  yellow  preci- 
pitator M'hicli  on  drying  b<H'iim<-s  »  fine  omngc  yellow,  SVhcB 
heated  it  nndergoes  n  scmifusion,  ami  when  di<itilled  givetoot 
a  portion  of  its  orpiment,  after  whteli  there  remains  u  •twollea 
gray  metallic  looking  matter,  becoming  dark  yellow  w)imm 
pounded,  and  constituting  a  subsnlt.^  ^H 

20.  .Sa//)Ao-nrjrpwiVf  of  lead  gives  a  red  brown  precipitate, 
which  when  collected  becomes  black.  The  dry  salt  gives  a 
brown  powder,  which  culieres  imder  tJie  petitlc  and  becomes 
Meel  gray  and  i>plendenu     It  mella  ea.fily  and  retains  its  of]H- 


•  BcwHus.  Kong.  Vet.  Acail.  Hondl.  I9»j,p.  WO. 
t  Ibid.  p.  889.  J,  Ihid.  p.  sga  §  ibid. 

H  tWd.  p.  860.  ^  IIhJ.  p.  KOO. 
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Diriit.     'llic  fused  innw  is  gray  and  mctnllic,  tui»  a  t^tlondciit    **"^- 
cryslulliiie  fracture,  and  gives  a  gray  meUillit.'  powder.* 

21.  Sii/pAihur/ienite  of  tin  gives  a  dark  roddisli  brown  pre- 
cijtitaUi  wiiicli  retains  its  colour  when  dry.  It  does  not  melu 
When  distilled  it  j^ivcs  out  ii  portion  of  ibt  orpinicnl,  Iraving  n 
gray  poroiu  inctallie  niiuv,  whteh  conUiliis  hoth  arvonii-  aiM) 
Hulphur.f 

■22.  Siitpliu-<irKnUe  cf  bitmi/thurtt  of  tin  forms  a  yi-Uow  slimy 
precipitate^',  which  on  drying  becomes  oraufice  yellow  and  gives 
a  yellow  powder.  When  distilled  it  exliihit*  the  same  phe- 
nomena us  ihe  last  ipeeieii.J 

'20.  Sulpho^ritettilt  (^ttfiijier  gives  a  dark  brown  ]irecipi[ate, 
which  on  drying  becoineH  blackish  brown.     It  colieres  toge- 
ther when  poniidtti,  bi-enmt'tt  gray,  und  ii^xumott  ttie  inrtjdiic 
lustre.     When  distilled  it  g!ve»  tirM  siilplnir  aiu)  tlien  orpi- 
■    went,  and  loaves  a  swollen  gray  liuif  fused  (inb»tanei-,  luiviitg 
'    the  metallic  lustre,  and  Ki**>»K  <*  t*'"}'  >nvtallic  powder.J 

When  a  solution  of  bisulpho-arsenile  of  potassium  is  decom- 
posed by  ineanH  of  bydnited  oxiiitr  of  copper,  added  a»  long  as 
the  liquid  continues  lo  alter  its  colour,  we  get  one  portion  of 
the  newly  formed  copper  suit  dissulved  in  water,  while  another 
remains  inidissolved.  If  llie  dissolved  portion  lit^  tliriiwn  dowa 
by  muriatic  acitl,  we  oklaiu  a  light  brown  prcdpitatc,  which  is 
a  compound  of 

1    aloin  He«(|ui-sulph!de  of  arsenle         .         .         7*75 
1^  atom  sulphurel  of  copper  ...  0 

16-75 
M'hile  (be  tiadissolved  portion  Is  compoHcd  of 

1  atom  scsqui-sulpliidr  of  arectiic  .  .  7-75 

6  atoms  sulpliuret  of  copper  ...       36 

43-7511 
S4.  StUphtMtrtenitr  of  trtamuth  forms  a  reddish  brown  preci- 
pitate, which,  when  dry,  becomes  black.  When  pulverised  it 
gives  a  ldackt>h  brown  powder.  It  ftLses  easily,  an<I  when  tlie 
temperulitre  is  uuginented,  gives  out  orpinient  tuni  Ictivcs  a 
fused  muss,  which  \»  not  larthcr  altered.  It  ia  gray,  luw  lh« 
metallic  lustre,  a  crystalline  rr<tcUire,  and  give*  a  gray  metallic 
powder.     It  is  a  subsulplio-arsenitc.^ 

•  Bcndiut,  Konit.  Vet.  Acnd.  Ibndl.  IMS,  p.  SOI. 

t  llml.  t  Ibid.  $  Bitd.  p.  «•: 

I  Rad-lMl.p.  1M.  1  IbU.  Itns,p.  Ml. 
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25.  Suipho^rsenitf-  of  mereniy  forms  nil  orange  red  fl«*y 

prccipilalc,  wliidi,  if  tlie  water  liolcis  nn  exoMs  of  commt 

stiLltmatPf  be«otDPs  sp««(lily  ([uile  white.     If  there  be  on  «• 

cess  of  orpimeiit,  it  r«lnin«  if*  c«Umr,     When  drietl  it  becoBUi 

dark  brown;  the  powdiT  in  (lc<'i>  yolb'w.     It  first  fuses  and 

iken  Hublimci).     I'be  sublimiUe,  whoii  in  thin  plates,  ti  iniM* 

lucent  un<l  yellowish.     Its  cross  fracture  is  ^niyiidi,  and  b« 

the  metallic  lii^lre.      It  gives  b  yelloM-  powder,  just  us  \*efott 

flubtimntion.     'i'bi»  sublintale  la  hisulpho-arsenite  of  inetcur)'.* 

Q6.  Snlp/K^-animite  of  disulphttrtt  of  mtrciiry  gives  n  bladi 

precipitate,  which,  when  the  nureiiriiil  Milt  conliiiiis  red axiAt, 

is  graybth  green.     When  diMilhtd  it  tlecre]iiuitL-s  ra  rupidlyM 

to  imitate  an  explosion.     Metidlic  mercury*  is  evolved,  tnl 

then  the  compound  sublimes.f 

*i7.  Sulp/io-<ir»fnitfofsiherfoTaisa  light  brown  prcripitatft 
at  first  translucent;  but  when  it  collei-W  lo^irllier  it  beromrt 
bluck.  When  di«iilK-d  it  gives  out  «r|>iment  uiid  melts.  At 
last  the  neiilrul  salt  rcmuiiu,  which  is  no  fitrtlicr  nllered.  Itii 
a  black  metallic  mass,  which,  when  pulvcHzerl,  ffivos  a  li^ 
brown  powder.  If  a  saturated  solution  of  ehlttride  of  silver  in 
eiuiHtic  ammonia  be  mixed  ivith  a  bisulpho-arseiiito,  a  dork  yet- 
Iww  precipitate  falls,  which,  according  to  Uoncelius's  analym 
itt  »  eon)pound  of 

1  fttom  sesqiii-Hulphidc  of  anenie         .         .         7'75 
6  atoms  sulphuret  of  silv«r  .         .       94-5 
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28.  Sti/pAo-iif'srNj/fo/*<;oMforms  a  yellow  precipitate,  whid 
collects  togctlier,  and  becomes  at  \tif<t  almost  black.  Tht 
powder  is  yellowish  brown.  It  melts  eaitly  iit  a  low  rcii  tiiNli 
gives  out  a  portion  of  orpimont,  and  continues  in  a  state  tt 
fu»ion.  When  cold  tt  b  translucent  and  has  a  ihirk  yellow!^ 
red  colour.  § 

29,  Sulpho-arsenite  <f  platinum  forms  a  precipitate  which  is 
at  first  yellow ;  but  becomes  at  last  dark  brown.  When  dry 
it  »  black,  but  giveN  a  dntk  brown  powder.  When  distilled  ii 
frives  otit  readily  a  portion  of  \tn  orjiiment  and  melts.  Hie 
fuAcd  ranw  '»  black,  has  a  |;lnssy  fracture',  and  frivei*  a  gnr 
tnetiiDie  powder.  When  heated  to  ii'liiteness  in  a  dtstilliii); 
apparatus,  it  gives  out  more  orpiment,  and  coheres  together  l« 


*  Biuieliu*,  KonR.  Vet  AcsiL  Handl.  I8SJ,  p.  ess. 
t  ItHd.  t  ll.l<l.  p.  SM.  S  tUd.  p.  S 
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a  |i<>roufl  moss  of  a  lighter  colour.     It  still  retnina  both  sulpluir 
uDtl  urH'iiic-,  anit  melts  easily  before  the  blow-pipe.* 

30,  Sulphif-arsirniU  iifanlimotti/  fornix  an  unmgr  i*(l  precipi- 
Utc,  wliirh  iu*en  <'«iiily  to  an  ontiigo  ycllitw  triiiii^Iucriii  iiiH.wi.f 

31.  Suljtho-tiDrmle  nf  chromium  im  a  Mniutry  giuyi^i  y<>ltow 
prrripiliile,  wliifli,  wbcii  dry,  i»  yolldW,  witli  n  tint  of  jjrecii. 
It  melts  ntid  give*  out  orpiinont.  The  fused  tnnss  is  dark 
g^nty.  aiid  gives  a  bluckisli  gray  pou-der  with  a  sbade  of  green. 
In  a  still  higher  temperature  more  orpiment  cBcape.*.  nml  n 
pulverulent  gray  mass  remains  like  aulphuret  of  ehromium, 
wliieli  nr<)uircs  a  poli&h  under  llie  pcstil,  has  a  »oft  fi-cl,  nn<l 
imUk-tcs  to  tliv  »kin,  Heate<l  in  tlic  open  »tr  it  cntches  lire, 
and  is  converted  into  oxide  of  chromium,  while  arsenious  acid 
and  sulphurous  acid  make  iheir  (>iiciipe.|: 

'A'i.  Suliiho-iirKtnili:  iif  uranium  is  a  dark  yellow  precipitate, 
which,  when  dr)-,  has  a  tint  of  green,  and  when  pulverised 
fpves  a  smutty  yellow  powder.  It  undergoes  semifu«ion  when 
heated,  and  gives  olTa  portion  of  its  orpiment.  When  heated 
to  whiK^ncM  in  a  close  vessel  it  leaves  an  unfused,  poron*. 
grayiiih  brown  maw,  whose  powder  is  quite  like  tital  of  rc- 
ducird  urunium.     It  i^  a  sutMulplio-tirsenite  of  chromium.} 

S3.  SHlpko-arsenitr  of  molybdenum  forms  a  brown  piecipitatp, 
which,  when  dry,  is  black,  and  gives  a  dark  brown  powder. 
When  distilled  it  easily  ])arts  with  its  orpiment,  and  leaves 
sulphuret  of  molyhdenum.l1 

SECTION  V. — OF  IIYroSULPHO-ARSENITCS. 

Peali/ar,  which  i»  n  compound  of  I  atom  of  ttiilpbur  and  I 
atom  of  arsenic,  lins  likewise  the  property  of  eombiniug  with 
alkaline  sulpburets,  mid  these  salts  may  be  called  hyposulpbo- 
arscnitcs  IVom  analogy  with  the  hyposulphites  and  hypophos- 
phites,  which  exhibit  analogous  combinations  among  the  oxy- 
gen acid  salts. 

Tliis  combination  does  not  take  place  directly,  for  when 
realgar  'a*  dii^estcil  witli  salphurct  of  imlassium,  or  with  caustic 
polfisli,  it  is  deeompoteil,  and  givr:*  ii  ilurk  brown  powder,  con- 
sisting of  arsenic  combined  with  a  minimum  of  lulphur.  Vhen 
sulpho-orscnite  of  potassium  is  melte<l  witli  an  additional  quan- 
tity of  arsenic,  we  form  hypoflulph<>-ar»enite  of  potassium, 
which  easily  swells  up,  and  the  excess  of  arsenic  makes  its 

•  Berfeliiu.  Kong.  Vet.  Acad.  Hindi.  IH8&.p.  MS. 
f  Ibitl.  p.  29i.  I  ll>ul.  i  Iliicl.  I  Ibid. 
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escKpft.    In  water  th«  salt  ta  decomposed,  jii^t  u  when  milgv 
is  iliwulvcd  ill  potrab. 

If  orpimcnt  be  boiled  wiih  curbontitc  of  potiHli  or  soda  in  ■ 
tolrnibly  coiicvntisted  solution,  and  be  filtered  wLile  boiliDg 
liot,  u  coloiirh-sM  liquid  passn  throu|;li,  U'liich,  afu-r  coAlia^. 
depmilt-?!  (witiiiu  12  liourii)  a  oi>ptoiis  ])reci[iitutc,  quite  uinilar 
in  appcarunco  (o  Kennos  niincrnl.  Iliia  is  a  Itypoaulpbo- 
ursvniu-of  pota»iiin)  or»o<lium.  It  t»  Miloblr  in  u-aler  :  but  not 
tto,  u'hilt'  it  cunuins  sulplio^rscnitt^  of  poia^uro  io  solutiun. 
Let  it  Im-  collcctcil  on  tlic  filler,  nnd  when  ihe  liquid  faw 
druinrd  from  it,  u  little  pure  water  must  be  poured  on  it  ODW 
or  twice.  It  soon  bwc\U  out,  becomes  gelaliiiotu,  whI  (bt 
liquid  passes  throtigh  pure  yellow.  The  salt  prodpitalH 
^aiii,  if  the  liquid  holding  it  in  solution  be  mixed  «4tli  laort 
water.     It  drien  into  n  tramtluceot  retl  tnaso. 

On  the  filter  ri.'miiiii.'*  a  dark  brown  puu'<ler,  itutolnblw  is 
wilier,  \n'hi('li  iit  n  biliyposulplio-ar«euitc  of  polussium.  It  Dwlli 
nwily  when  heated,  fpvv*  out  notliing  volatile,  and  learn  • 
tnunlueent  red  mass,  ineolulile  in  waler,  Causltc  potutli  di^ 
solrea  it  with  the  aame  pliennmena  as  real);iir. 

Wlieii  the  ueiitnil  hulpho-araenile*  of  the  h(t»e«  of  tho  allcaUei 
and  alkaline  earths  are  exposnl  to  H|)oiitunoou»  evapondoiii 
thev  lenve  dark  red  in^uble  compounds,  wliieh  arc 
att/pho-arsenHen. 

\\'itb  gluciiium,  yttrium,  and  aluminum,  iiucb 
are  not  formeil.     'Hie  red  tKilultun»  give  light  coloured 
pilatc«  wilh  thi^  evolution  ofAnlptiidi*  of  hydrogi'n. 

Willi  sulpliiirel  of  xircoiiium  realgar  unites  to  n  dark  br 
precipilule,  wlilc-h  sinks  slowly,  ^''itlt  niniigMiieiie,  nine,  ool 
n^rium,  are  obtiiincd  red  or  dark  yellow  precipitates,  not  likr 
the  8ulphD-ar§eiiiatcs  or  «u)pbu-arM?niles.  Unt  the  ren 
metals  give  precipitates  quite  similar  to  tlio  sulpbo-antenit 
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SECTfON  Vt. — OF  SULPHO-UOLYBDATEa. 

Tlie  sulplio-molybdates  consist  of  combinations  of  tfae  alk^ 
line  siilphurets  with  t«rstilphide  of  molybdentim.  described  la 
vol.  i.  |).  360,  of  tliiit  work.  It  b  analogous  in  it«  couslilatioa 
to  molybdic  acid. 

The  sulplio-molybdates  are  most  easily  obtuucd  when  ao 
oxygen  salt  is  decoinj>osed  by  -tulphide  of  hydro^n.  Tbr 
decomposition  goes  on  witli  difficulty  in  dilute  mlution<i.  but 


•  Btrteliut,  Kong.  Vet.  Amd.  Hanill.  i»ii.  jk  803. 
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nt)iidly  in  coiicvntraWil  oiie«.  'Vht  )iqui<l  Wcomea  reil  like  a 
Mchromate,  or  (if  it  oontnin  iron)  rciidisli  lirowti.  Ttivw^iriilU 
when  pure  Iinv«  »  rwi  colour;  m  shade  of  browit  !iidimt4-H  tli? 
presence  of  iron.  An  fswM  of  tor-Hulphi<l«  of  mnlybdtrnuin 
likctt'iw  ivtulrni  th«  colour  darker.  During  cvaponitivn,  the 
liquid  emita  the  smell  of  itiilphiflo  of  hydrogen ;  but  no  precipl- 
lale  (Mh.  hi  leiitt  M  first. 

Whfti  burnt,  thvy  ure  decompotwd.  Tho«o  which  contain 
the  lmiri»  of  an  niknii,  or  ulknlina  earth,  are  duknged  into  qua- 
tcraillphuri'ts  nf  the  base,  nnil  into  bUulphiite  of  nM>lybdenum. 
The  salt  of  pobiMiiim  is  decomposed  to  the  amonnt  of  two* 
tbirdii,  tlitf  suit  of  MMtitim  brtWr,  and  the  rest  altoji^ilier.  TTi* 
snIpho-tnoJybdates  wiUi  weaker  Iumk  jrivti  out  sulphur,  nn<l 
leave  a  rompotind  of  the  hatto  with  l>l«iil)ihid<!  of  rnolybdenuni. 
\V'l>en  the  solutioni  of  tlieu;  italtit  iirv  kfl  cxpoi«ed  to  the  air, 
they  are  but  little  altered  when  in  the  Miitc  of  biMilpho-mo- 
lylxlatos.  But  ihi-  stitioalM  nreo.\!dii<-d  nqiidljr  even  in  a  m>lid 
form,  imd  a  molybdiXc  with  »  Kuliviitiihite  und  sulphite  is  formed, 
teavinj^  a  neutral  Kulpho-molybdnte.  A  grayish  brown  matter 
h  Knidually  deposited,  during;  which  the  beautiful  colour  at 
the  solution  is  altered.  It  becomes  opaque  aitd  dark  brown, 
iben  greenish  broim.  and  at  laal  pure  blue.  Tlie  liquid  con- 
tains a  solution  of  sulphate  and  molybdate  of  potash,  together 
witlt  molybdate  of  molybdenum. 

1.  SWjvAcMHo^Mtff  ^ammonnt  i«  best  obtained  hy  deconv- 
|Hniny;  molybdate  of  ammonia  by  sulphide  of  hydrogen.  It 
may  be  formed  nUo  by  diMolving  molybdic  arid  in  mlpho* 
hvdrats  of  ammonia,  or  by  ilit;e«(>ntf  newlv  precipitated  ter- 
sulpliide  of  inolybdenum  in  sulpho-liydrate  of  .trnmonia.  The 
beat  way  of  procuring  U  in  the  nIh)  form,  is  to  mhc  a  Km>e> 
what  concentratoil  solution  with  alcoJwl,  which  tliro«->i  it  down 
ill  a  cinnabnr  red  powder.  By  exiiosure  to  the  air,  il  becomes 
(lark  brown.  If  the  aqucouN  M>lu(ion  be  left  to  aponDmeouR 
crystalliealion,  crystals  appear  round  tlie  surface  of  llie  liquid, 
which  reflect  a  green  light ;  but  a  great  portion  dries  into  a 
dark  gray  shining  mass,  not  cry^tallixed,  and  eiwily  iMluble  ik 
water.  It  consists  chiHIy  of  a  bisoll.  Both  tlie  imiMl  wtd 
bixalt  are  witli  difficulty  solafate  in  alcohol.* 

2.  Stilpko-mot^alf  of  jHtlasainm.  To  obtain  thb  Bait*  mix 
carbonate  of  potush  with  rather  more  sulphur  than  is  reqaialu 
to  make  quinto-sulphnret  of  pota»iuia,  and  with  cluue**]  pow- 


•  BmduM.  Km«.  Vm.  AcsU.  IIukU.  I8»&,  p. 
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omcVii.    (l«r  to  iU-compo«c  the  jiiilpliate  of  potash  fonncd  during  tlie 
procpss.     Mix  th«  nlIiiic  mjww  tliuK  obtained  with  a  ^rvat  M-j 
cess  of  iiativf  bUiilptiido  of  iiiolylnK'niim.      Put  tlie  tnbctum 
into  a  Ilessiai)  crticiblp,  cM>vcrL-d  with  cluircoul  p()w<ler.     HtoC 
at  firet  M>  gently,  that  a  sulphiirct  of  potassiiim  with  exceM  ol 
Hiilpliur  IS  formed.    When  no  more  sulphur  is  ubMtrved  to  ham 
round  the  mouih  of  the  crucible,  the  beat  is  augmented  to  red- 
ncM,  and  continued  so  long  as  the  ^inell  of  sulphurotts  add  il 
perceptible.     The  niilpliidc  of  inolybdenutn  is  formed  froni  ih« 
excess  of  sulphur.     Lot  the  whole  be  raised  to  a  whitr  henl, 
ami  let  the  Ix'at  be  ■.■onliiiUMl  for  tliree  hours.     I'he 
when  cold,  in  black,  porous,  and  unfa'««d.    When  gently  heated 
with  wiit«r,  it  ^vea  a  dcvp  red  soliitjon,  which  i»  quite  opaqoe. 
WhfH  criiporatcd  in  a  tempi-nituTC  of  104',  djirk  re<l  vrytlabi 
bhoot.     I'hese  are  extremely  beautiful,  luiving  a  grtt-n  coloiUi 
and  the  metallic  bi^trti  resembling  that  of  the  wings  of  tW 
mclolontha  or  lytta.     They  are   four  or  eight-fiidcd  prbm, 
tcrniinutcd  by  bihedral  suniuiits.     When  dissolved  in  itater, 
the  liquid  has  a  tine  red  wlour,  like  that  of  a  verj*  concfutnied 
solution  of  bicliroiiiate  <»f  potAiih.    When  a  hot  satumied  mIb- 
tioi]  in  left  to  cool',  smalt  four-Kidt-d  right  prisma  are  fonDed, 
which  by  rcfli>ctod  light  are  green,  iin<l  luive  the  metallic  lu»- 
trv,  by  InuiKmitlod  light  rtiby  r«d.    The  fiKCture  of  the  cry«td 
is  glassy  and  uneven,  nnd  has  the  same  fine  green  colour  aa  the 
fiuws.      Powder  title  dark  red,  eoliering  under  the  pestle,  anil 
becoming  shining  ntid  green.    It  conbiins  no  water  of  erystal- 
Uniion.     Alcohol  precipitates  this  salt  from  its  aqueous  solu- 
tion in  the  state  of  a  cinnabar  red  powder,  and  from  tite  liqud 
cinnabar  red  scales  shoot,  which  when  dry  a.'etume  a  grttn 
colour,  and  t]ie  metallic  lustre.     By  the  analysis  of  Berzeltin, 
the  constituents  of  this  :ialt  are 

Tenmlphide  of  molybdeuuni  .         .  6!l-4d 

Sulphuret  of  pfltAMium  .         .         .         36*57 


This  is  obviouHly  equ  indent  to 

I  atom  tersiilpliide  of  molybdenum 
I  atom  siulphuret  of  potasstum 
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S,  Sulpho-moli/htlate  (^  »odium  may  be  obtained  by  dec 
•  Sendiui,  Koi^.  Vet.  Acad,  flandh  \6iA,  p.  30U. 
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IKMin^  neutral  molybdate  of  »o<ii,  by  incom  of  wilpliidt-  of  »w»-vi. 
liyttK^n.  When  ibe  liqutd  !.-<  struii^ly  coiu't'iitratcd,  snmlt  ~ 
^intiUr  (lurk  red  crystals  iin'  tleposit«d,  and  the  whole  inaM 
bcToin4-8  solid.  It  ix  difficult  to  obtain  the  sdt  in  regular  rrys- 
ta\t,  but  tliey  seem  to  be  prisms,  which  have  a  green  eolour. 
ft  is  much  more  solublv  in  vrster  tiian  the  potnwium  salt. 
Hence  it  U  not  precipitated  tvhen  its  solution  is  mixed  with 
alcohol.  When  heated  to  rcdnesM,  it  is  decomposetl  with  u 
very  Klii^lit  residue  of  unallered  salt.* 

4.  SutpJto-mo/ffbdjife  t^f  lithium  U  very  soluble  in  miler. 
M'hen  craporateil,  it  g^ives  a  brown  !iyru[»,  which  depositeti  no 
cryxtahi  on  cooling.  'I'he  salt  remnin^  loii^  moni.  Mid  at  last 
liardens  to  a  dark  red  inawi,  whieh  doew  not  deliquesce  in  tlie 
air.  When  dititilled,  it  i:*  decomposed,  luid  leaves  when  di«- 
aolved  in  u-atcr,  the  whole  molyhclenum  in  the  tUie  of  ^ly 
siilphurct.  The  nqticous  solution  contjiins  litliium  combined 
wttJi  4  atoms  of  Milphur.  It  gives  a  biialt  like  the  two  pre- 
ceding spedes  of  Bulpho-molylKhites.f 

b.  Suipho-mo/yMatf  ^f  barium  is  obtained  when  aulplturet 
of  bariuni  is  boiled  wilh  an  excess  of  tersulphidc  of  molybde- 
niini.  Tlio  solution  is  filtered  while  boiling  hot,  ainl  received 
into  a  vessel  preriomly  heated.  During  the  cooling,  tniall 
fine  yellow  shining  crystals  are  tteposited,  which  on  paper  fall 
down  into  the  state  of  n  shining  yellow  meal.  When  gently 
heated,  tlwy  lose  water,  and  iK-comc  red.  They  arc  not  de- 
composed by  concentrated  muriatic  ueid  while  cold;  butdilutc 
muriatic  acid  acts  upon  them  more  easily.  By  the  atdstanct 
of  heat,  sulphide  of  hydrogen  is  disengaged,  and  UTunlphide 
of  molyl)denum.  These  crystals  are  a  supersult,  compoaed> 
nccor<ling  to  tJie  analysb  of  Berzelius,  of 

6  atonu  tersulphidc  of  molylwlenum  .         73 

1  atom  sulpliuTct  of  barium  .         .         10-d 

6.  SHtpAo-moi^ate  qf  ttnmtium  behaves  exactly  like  tlie 
last  species,  both  in  its  neutral  state  nnd  lui  ii  siipenalt.J 

7.  Stitpho-Moii/bdati!  iif  caiciitm  gives  in  the  tame  way  a 
Bupenalt,  which  crystallizes  from  the  M>lution  filtered  while 
boiling  hot.  It  consisU  of  fine,  short,  shining,  translucent, 
Ctnaabar  red  crystals,  whieh  are  not  altered  by  exposure  to  the 


•  Bcridiat,  Kong-  Vel.  And.  Ihndl.  1895,  p.  M7.        t  lUiI.  p.  SIM. 
t   tbiJ.  |x30ft.  i  Ibid.  Pl3I<K 
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air.  oor  whon  heated  to  212".  Muriatic  itckl  blitckcnB  Atm, 
'  by  H^pantlinf;  icnulphide  of  molybdciium.  By  crapomtit^ 
die  li<)uUI.  Hti  ni!<liliuiial  crop  of  crj'^taU  are  obtained.  At  last 
tli«r«  leniains  u  tirutml  compound,  wbicb  drie^  to  a  datk  ml 
rantitib.' 

8.  SulpAo-mtJ^MnU  of  tnagnrsium  Is  obtained  wben  tenul- 
pludu  of  roolyb«)tiintu  is  UnW  with  ^iilplui-liydrate  of  oaagne- 
sium.  Th«  solution  on  cooling  doiKxsitcs  u  supcranlt  in  di« 
form  of  a  dark  brown  powder.  Tbc  remaining  Uquid  dries  » 
a  dark  red  varniah.t 

9.  SHiftho-wcigfidale  of  }/ttrium  t  seems  to  be  soluble  in  watf r, 
as  a  flolutiou  of  acetate  of  ytlria  is  not  precipitated  by  gulpho- 
nolybdato  of  potaMiura,  In  1*2  Itoun  a  brown  matter  prec^ 
pitnteK,  which  i*  inert-ly  ter»ulpbide  of  molybdenum,  and  acidi 
do  not  occjiMon  an  o<lwiir  of  »ul|ditde  of  hydrogen.  By  diii 
precipitate,  tlie  liquid  loeeti  iw  colour.} 

10.  Siilpho-molyhdale  ofglMinvm  tieliave«  in  tbc  wme  ny, 
but  is  decomposed  more  slowly.  Tcntulphidc  of  molytxlcuuia 
fftUfl  down  in  t«-elre  bouns  but  the  liquid  does  not  brcomt 
colourleM.  || 

Hand  12.  'IlieudlfiofaluminaaDd  zirconiagive  jmmcdiili 
prMpitateH,  nliich  have  alt  the  appenraiice  of  tertulplude ef 
molybdeoiim  mixi-d  with  tin;  precipitalnl  carthfl.  Tbe  KqaU 
swells  of  sulphide  of  bydra|[^n.Y 

13.  Siti/tAij-iHiJiflittilr  '^  rrriHMi  ffivM  m.  diirk,  aliBOtt  blstft 
gmy  prccipilale,  which  wben  dry  m  ■  dark   brown 


i  sutimn 
•ur:  trat 


The  liquid  is  coloiirlen.** 

14.  SiiJp^inu/ii/»iate  qf  tagm-MiphMrft  ((f  cerium  h 
in  water.      A    poition,  indeed,  fidls  of  u  brown    colour : 
most  part  rematits  in  solution  of  a  deep  yellow  colour. 

15.  Su/pho-moti/bdate  t^iron  is  soluble  in  water,  willt  a  fine 
wine  red  colour,  wMch  by  tbc  action  of  the  air  Ireoone*  alnioil 
black.  A  dilute  solution  of  thi>)  salt  is  very  easily  decomposed 
under  evaporation,  and  deposiles  a  light  rust  yellow  powder.ff 

Ift.  SuipAo-mol^bdate  i^ bisuipharei  of  iitw  falU  in  tbe  form 
of  a  tltnk  bro»n  precipitate,  wliicli  dissolves  with  a  blitck  colott 
in  an  cxccbs  of  the  precipitating  medium,  but  generally  pr 

«  BwMliiu,  Koi«.  Vcl.  Awd.  IIuii».  It^Uk  p.  310.  f  I 

t  Tkhi»  ud  tbe  tollawini;  lalta  were  obmineil  bj  Bcnclius,  b|  dccoiapM- 

Ing  ibe  neutral  oiygeu  nli»  bjr  n  •olutioo  of  enuM'acd  sulplRKuieljUM* 

of  |)Olnwium. 
i  Brrt«liuJ>,  Kone.  V«t.  Acad,  llama  IM»,p.ail.       |  IbU. 

1  *'J-  "ibi.1,  ■^tft'iA^Jl 
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pitstcs  sgaiii  ill  24  liourn.     Il  Is  not  Bltcrc<l  wliik  i^ryug.     bm.vl 
Wlieii  liry,  it  h  Mnek,  tuui  givM  a  brown  powder;  wlien  di*- 
lillod,  it.  ifivM  out  miicli  sulpliur*  aad  loaves  a  ^y  Miiniiig 
masB,  renpntbling  biitu)pl)i<ie  of  molylKlenum.* 

17.  SnlpfUf-molt/bdaie  of  maiu/ftHmr  'm  iu)lubl«  in  waU'r,  and 
is  obtainiMl  by  dige<i(ing  Nulphtiret  of  miiiif^iiifsc  aikI  tmiit- 
phide  of  molybdenum  mixed  tofrcllirr  in  water.  Tlirro  miwt 
not  be  an  exceiu  of  tho  Mtilpliidr.  The  solution  i<  bronrnisli 
y«>ll«w,  and  dries  i«  ii  trnnKtiiccnl  vurni^i.  The  liquid  is  pre- 
ripitatcH  by  •immoniii,  which  separnles  a  subsalt  in  the  form  of 
«  iwl  powdw,  which  becomes  brown  on  drying.  When  an 
CXCeM  (if  ammonia  is  added  the  precipitate  is  decomposed  to  » 
certain  extent,  and  it  beconivs  black  by  absorbing;  oxy^n 
while  drying.f 

Id.  Sulf^M-molybdate  of  nicid  falU  wit^  a  deep  bronn  col- 
our* which  it  retaiai  when  dry.  It  diiwolvefl  with  »  bluok 
colour  in  the  potamium,  but  i*  mostly  prrcipiuted  u^ain  in 

'24  hour>.:t 

19.  StiipiKt-niotiifidale  <(f  robalt  IrcbavM  ricacdy  like  the 
nickel  Milt.$ 

20.  Siii/'Aif-nuJj/fKliUf  iifziuc  forms  a  dark  brown  precipitate 
like  the  earthy  mJis.     The  supernaliuit  )i<}ui<l  is  colourlces.|| 

21.  Sulpho-Hu^fibfialt  of  cadmium  forms  n  dark  brown  pre- 
Hpit-ite.  the  colour  of  wiiicli  doe§  not  deepen  on  drying.  Tl>* 
liquid  i«  colourless. U 

22.  Svtplro^mrJsfMale  <^'  lead  is  a  bhiok  precipitule,  black 
when  dry.  and  f(iviiig  a  lead  gray  metallic  streak.** 

fid.  Sti/pfto-moltiMale  tflin  is  n  libek  p  rod  pi  late,  ff 
S4.  SvlphifHw/jfMate  <f  tiiiml/iAurtt  of  tin  h  a  tranaluoont 
brown  precipitate,  which  when  dried  b^^ime*  hruwiiiflh  gray.}) 

25.  Su/p/io-motfflifhtr  *fcr>p/>rr  forms  a  dark  brown  precipi- 
lale,  alnio§t  black,  which  relaint  ila  colour  when  dry.$$ 

26.  Svipho-^nol^la/e  of  bitmvth  ts  a  dark  bronn  precipi- 

Wte-IIB 

27.  SidpK^moljfMate  ff  mereirtf  is  u  HkIiI  brown  preripi- 
tate,  which  U  not  nlter«<l  by  ait  excess  of  l)ie  tiilphide,  but 
is  immediately  de«troyc<l  if  there  he  an  excess  of  corrosive 
sublimate.  'I'he  precipilate  becomes  whiti-  and  lb«  li<)uid  blue. 
When  dry  tlic  salt  give*  in  trituration  a  dark  brown  powder. 

■  Berteliut.  Kong.  \'t%.  Acad.  Huidl.  1S«5.  p.  3li.      f  Itiul.  p.  31 1. 
t  U>id.  |>.  311t.  i  rbid.  |  Ibid.  \i.  3(3.         1  Ibid. 

••  IM.  tt  DM.         tt  IM*  ii  '>"''■ 

linnnd. 


chMVii.    Wlien  (ll»tille<l  it  gives  out  first  Hulphar  and  tken  cini 
and  lc4ivM  gray  bwulpliide  and  molybdenum.* 

28.  S«lj}iii>-iuolffMate  of  siltiT  is  a  l>luck  precipitate.  Wlwn 
dry  its  streak  is  bluish  fijay  irnd  ttliining.f 

29.  Suif>bt>'m(Jyt>dale  t^gtAd  is  solubk*  in  wutiT,  from  wliich 
in  UD  lioiir  it  fidlA  in  the  form  of  a  dark  brown  powder,  wbtch 
blackfins  on  drying.J 

!)0.  SufpAo-ntolj^/atf.  of  ptatmum  gives  a  dark  brown  jtrcd- 
pitale,  wliicli  is  almost  black  M'lieii  dry.J 

31.  StiliiJio-mofi/htlnU  of  chromium  is  a  dark  brown  pre 
tutc,  whicli  iLt^umon  n  Hliade  of  gr«en  when  dry.|| 

32,  SuIphO'inol^iate  of  uranium  t»  a  dark  brown  pree 
tatc,  not  altered  by  drying.H 

SECTION  VII. — OF  IIYl>EllSULI1IO-MOLYHDATK8. 

These  salts  are  combinations  of  the  quatcr-sulplitdc  of  mo- 
lybdenum, described  in  Vol.  I.  p.  360  of  this  work,  witli  lie 
sulpliureU. 

1.  Hj/per/tuipho-moli^iifate  of  atmHouia  b  obtainL-d  wlrn 
quater-sulpliide  ni  molybileimm  still  moist  is  covcr»-d  wHi 
sulpho-hydriito  nf  iiniiiiiiiiiii.  A  yellow  powder  is  ubUiiiied, 
Init  which  becomes  dark  red  when  dried,  prolmbly  from  tlie 
los»  of  a  portion  of  its  stilptiurettC4l  \ms4f.  It  h  solubk  \a 
boiling  water,  but  insoluble  in  alkaline  leys,** 

2.  IJjfper.''ulpho-moi^Mate  of  iHiiatnum.  This  suit  wax  oli- 
tained  by  Derzelius  in  cryslals.  Ills  process  waa  as  follow^: 
A  inolybdate  of  potash  contiiliiiiig  a  great  deal  of  bimolybdaii' 
in  a  somewhat  dilute  solntion  was  decomposed  by  sulphide  of 
hydrogen,  and  the  solution  conceiitrateil  by  distillation.  So 
much  precipitate  fell  that  the  liquid  could  no  longer  lie  boiled 
with  ease.  It  was  iherefore  iiltowcd  to  cool.  In  the  procipi- 
tat«  Hp|)eared  snmll  niby  red  lieavy  crystal  of  hyj>»;n»u!pho- 
tnolybdate  of  potassium.  These  crystals  were  rery  smalL 
They  were  rectnn^iilur  translucent  plates,  longitudinally  stri- 
ated. At  tlic  cotntnon  temperature  of  the  air  tLey  were  inso- 
luble in  Walter,  muriatic  acid,  and  caustic  potash.  Boiling 
water  diMiolvcd  them,  coosti luting  a  fine  red  liquid,  firoro  wbicli 
the  hypeniulpho-molybdate  was  precipitated  by  muriatic  anL 
When  hcutcd  to  incipient  ignition  the  salt  decrepitatird,  g»rf 
out  a  little  vniler,  some  sulphur  and  &ulpbidc  of  hydrogen,  nud 


•  Berwliun,  Kong.  Vet.  Acdd.  Ilnndl.  IHM.  p,  313. 
llbid.  $  Ibid.  II  Ibid.  p.  311. 

••  IlMd.  p.  aai. 


t  Ibid.  p.  31 
1  lUd.  p.  31 
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tMcame  ^y  and  Ntiiiiiii|Er.     Water  HiMolved  from  it  only  «uU   *«i.vit. 
phurvt  of  polaMJuin,  wliicli  wiia  prvcipituU-d  white  by  inuriatte " 
acid.     Tbe  undisMoIvcd  portion  was  (fray  bisulphide  of  inwlyb- 
deniim,  wliicli  bad  rctaiocd  tlic  form  of  tlu-  crysudlin^-  plutes. 

When  n  Mltitioii  of  sulpho-molybdate  of  potassium,  con- 
tatnin^  tibuiidiinco  of  sulpliur,  is  diluted  nith  water  and  placed 
in  a  ti-mjK-rature  of  from  140"  to  176°  it  becom«?»  muddy  ajtd 
<lcpo«ite8  a  lighter  coloured  powdi-r,  wliicli  i«  hypvr-DiilpIu^ 
molybdate  of  potiu^ium.  When  dried  it  is  a  fine  yoUow  po- 
Iicriug  mass,  conmtiiijr  of  small  sliliiing  crystalline  grains.  It 
dissolves  with  great  difficulty  in  cold  water,  wliidt  a-«Mimc«  a 
liglit  yellow  colour.  But  water  healed  to  176°  dissolves  it 
with  a  rod  colour,  und  ibc  solution  does  not  precipitate  on 
cooling.  When  evaporated  it  gives  a  red  txansluocnt  mass 
not  in  tbe  least  crystalline.* 

3  and  4.  UffpertuI/iho-moli/Mtih  of  todium  and  titkium  arc 
formed  in  tbe  s.tra«  way  a*  tlie  preceding  salt.  Tlioy  liavc 
(juite  the  name  external  cliaracleni.  They  hiive  only  been 
obtained  in  tlic  8lat«  of  a  yellow  powder,  eauly  voluble  in 
boiling  wnler.f 

5.  HirprrtulphO'molytidiae  qf  barium  is  insoluble  in  water, 
and  is  precipitated  when  hypersulpho- molybdate  of  potftMium 
is  mixed  with  chloride  of  barium.  The  precipitate  is  a  fine 
yellow  witli  a  shade  of  red.  It  is  not  dissolved  by  boiling 
water,  but  by  boiling  it  becomes  cinnaliar  red  and  fiills  heavy 
lo  the  bottom.  Uy  tlilule  muriatic  add  the  precipitate  is  not 
altered.^ 

6.  Htfpertvlpho-tmJtfMnte  nf  gtronfium  l>ehares  like  Uw 
barium  Kult.     'Hie  KUpcrnHlant  litjuid  is  colourleM.$ 

7.  Ilfpcrmfpho-moli/Mate  f^  eakium  does  not  fall  immedi- 
ately when  hyperstilpho-molybdat«  of  potassium  is  mixed  with 
chloride  of  calcium  :  but  if  alcohol  be  added  the  liquid  becomes 
slightly  muddy,  and  in  12  hnur«  a  cinnabar  red  powder,  inso- 
luble in  water,  is  deposited.!) 

8.  Hj/permlpio'tiiolifMttfr  (if  nui<jne»itim  is  an  insoluble  red 
precipitate.     1'he  Hupcrnatimt  wdt  l<  clear  and  colourless.^ 

9.  H^prmidpho-tmlt^idatf.  of  eilnminitm  does  not  precipitate 
when  hypersiilpho*malytKhitv  of  potassium  is  mixed  with  a 
solution  of  muriate  of  idumiiia,  hut  ihe  Itijuid  l>ecomes  red*  and 
when  filtcreit  llie  red  Mdt  reituutts  upon  the  filter  and  the  liquid 
pones  tlirough  colourless." 

•  Btnaius,  Kons.  Vet.  AcaiL  Homll.  \(Hli,  p.  9I».        t  Ibid.  p.  SHK 
t   lbiJ.|>.3ai.        ^OmL         I  Uii<l.        Iltiid.  •MlMLp.SSC, 
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ciMVit        10.  tJjfpersiiift/u?-vuji!/Mate  iff  iron.     Ttiv  proUmilte  of  irai 
^"""^  are  n<ri  (hrowii  down  by  by)>eT»ul{>lii>-[ouIy-bdut«  of  potatHuin, 
unless  then*  be  present  an  exc«w  of  iron,  wben  a  red  [>r«c^ 
tat«  U  AHinv<).* 

11.  IIj//Krtulpho-molghdale  qf  Hn.  Tbe  deutochlorid*  of 
tin  U  precipiUited  r«(L,  but  a  f^«at  deal  of  tbv  preci{rit»ta  ii 
agdn  dissolved  in  tbe  liquid  nitlt  a  red  colour.  The  prutocUo- 
ride  of  tin  i«  pri-(-!{>ilMlod  conipl^'lely  wiili  n  dntk  brown  eohwr. 
Bui  if  tbe  mixture  be  left  for  soine  days  in  an  open  vtmtt  i 
■olulioo  takes  place  in  consequcnni  of  the  oxidixemrnt  of  tfct 
tin;  tli«  bypersulphoMiiolybdate  of  tin  and  tite  liquid  {fm- 
ncrly  oolourieiw)  beevme  re^l.I 

12.  Ifyper»«i/>ki>-itttflifM<Ue  tff  coftper.  At  fir«t  dark,  but 
wben  colkctcd  it  iK-vmiifH  rt>4l  vrilh  n  aliade  of  brown.; 

I'l.  Hi/persHliiho-molijl'iUitr  uf  himimth.  A  dark  pow^ 
ulniost  l)Town.$ 

14.  H^persulpho-moi^iiUf.  <^  mercury  !«  MnuJar  jn  its  np- 
pcarancc  to  ibc  proL-edin^  Mill.]) 

15.  Hyprrindiifiifmfilf^aU  <{f  ailrer.  A.  dark  brown  pow- 
der, becomiiij;  bl«ck.f 

16.  Hypent^pAo-moii/Mate  qf  ffoU  is  at  firM  dark  bruwo, 
but  wben  dried  it  l)«4-un]««  yellow  witb  a  stnutty  metullic 
luMre,  a^sBuminf^  a  polisb,  a  pmof  lb»l  tlie  uJt  lias  undeqiooe 
decompottition.  By  distillntion  tlie  Hulpbur  flit^  offandlbe 
Mill  becomes  darker.  Wben  beiited  iu  ibi^  open  air  it  bttrnt 
wilb  tbc  evolution  of  MilpliuroiiK  arid  and  becomes  yellow.  Ja 
»  stronger  beat  molybdic  aeld  is  siiblimed.*' 


I 


SECTION  VIII. — OC  SULPllO-TUSOftTATES. 

These  nrw  »all»  of  lersulplildc  of  tungsten,  de«eribe<l  in 
Vol.  I.  p.  36H,  of  this  work,  and  corresponding  in  ibi  compon- 
tion  to  tungstic  ncid. 

1.  StitpAo-ttaiffitate  e/  amtmmia  k  most  easily  formed  by 
decomposing  a  conecntrnled  solution  of  tuiigvUte  of  amroouiiai 
by  means  of  sulphide  of  hydrogen.  Tbu  suIpbo-tungtUir 
separntct  in  light  red  iTj-^tals,  uinilar  in  n])]>earnnce  to  «uIpbo> 
tnilgstote  of  potassiLim.  It  decrepiUileH  wben  heated,  gives  aul 
water  wilb  sidpburet  of  ummoiiia,  and  leaves  at  last  a  t^rar 
snlphuret  of  tungsten,  having  the  inebiilic-  lustre,  and  rctaitiinK 
tbe  form  of  the  original  crysiaU.  It  in  mure  soluble  in  pure 
water,  than  in  water  bolding  a  sail  in  solution.     It  is  puritally 

•  BorrcliiK,  Konjt.  Vcl.  head.  Handl.  I92A,  p.  3OT.  f  IMd. 

t  ll>iH.  ^  I  bill.  I  Ibid.  1  Ilwl.  ••  Ibid. 
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(l«com))a«e(l  when  left  to  Bpoutsneous  evEiponilion,  and  Aoea 
not  farm  a  double  salt  wlicii  dissolved  together  iviili  tiilrstc  of 
ammoitui.  ami  tljo  t^oiulion  lefc  to  A|»>ntaiieou<t  ovagwratmii.* 

*2.  Sulfihit-luni/itUilr  itj' fK>ta*iivni,  ll  iDuy  Iht  oliliihird  by 
dcoompiiKini;  tiinf^tntc  of  potiuh  by  niraiis  ofsuIpliMJo  of  bydro- 
ffcn,  aod  conccnl ruling  tliL-  yellow  ((oltKion,  by  placing  it  in 
vacuo  over  dry  |>Dtash.  'Jlie  uilt  slioobt  into  fine  yellow  crys- 
Ids.  Dy  means  of  heat  they  dmolre  in  the  mother  ley,  and 
when  the  liquid  is  left  tosjiontaneousci^'italliiution,  four-sulod 
flat  priuns  are  depoeated,  terminate<l  hy  tw(>^ile<l  »umiiiit>,  ukI 
having  a  dark  red  colour.  'I'liiit  »ult  is  mihydmiiit.  If  air  Itv 
exelttded  it  fiwi~9  witliout  un<UTK«ii)f;  decomposition.  Whilo 
in  fusion  it  is  ilark  brown,  but  bccmnvs  yellow  on  eootinf^.  ll 
•till  diHolveH  in  water  without  residue.  When  the  Buluiionin 
mixed  with  alcohol,  the  salt  is  gradually  deposited  in  small  cin- 
nabar red  ])risaiH.  It  ia  very  »]ighUy  Mluble  in  alctJiul.  From 
ihi!  expf^rirnvnlM  of  Bereelius,  it  would  np{>oar  that  tliii  oonsli- 
luentN  of  t)ii«  suit  am 


I  atom  ter«ul[>h>dc  of  lungHt«n 
I  atom  sulphnrct  uf  potaicsiiim 


IfrS 
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This  salt  has  tlie  property  of  combining  with  several  oxygen 
acid  Bslto,  and  of  forming  double  salts.  Oi  these  the  twu  foU 
lowing  liave  been  examineil  by  lterz(tliu>. 

•3.  Sulf^vftun;iMtilr  of  jn'timxinm  mmbiiteil  with  nilrr.  In  iiii 
ntK'mpt  to  di'com])ot>(-  wollnun,  imd  obtain  tungKtJc  aci<l,  by 
means  of  uirboiiate  of  {wtusli  mixed  n-itb  some  nitiv,  Uenelius 
ubiaioed  from  the  solution  decoinjiosed  by  sulphide  of  hydro- 
gen, nnil  alluwoil  to  cryslallbto  iu  vacuo,  a  ruby  red  salt  of  a 
fino  colour,  wluefi  redlvtiilved,  and  left  to  spontaneous  evapora- 
tion, shot  iiit«>  large  antl  fine  crystaiN  of  a  very  complex  form, 
translucent,  shining,  and  having  a  ruby  nil  colour.  'I1ii*m> 
cryatals  constitute  the  salt  iu  question.  When  lhe<w  cTyKtak 
are  heated  in  ii  gloss  tube  till  they  begin  to  melt,  they  dclanalo 
and  leave  a  yellow  mass,  soluble  in  water,  and  conaisting  of  u 
mixture  nf  ^dpho-tungslate.  from  the  analyais  of  Berieliiis* 
thta  aall  appear*  to  be  composed  of 


•  BmtUua,  Kaog.  V«t  Acid.  HmiiU.  ISW.f.  SI. 
t  Ibiil-  p.  &a. 
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3  atoiiM  siilpliu-UtngHtale  of  potassium     .     .     51 
I  utom  niUutc  of  potash  .     .      12-73 

63-75" 

4.  Svtpfto-tunffftate  of  potaMtium  comhinai  h-iM  tuti^fttate  o^ 
potath.  During  tlie  prK[>arntion  of  Auljilio-tuDgstate  of  jtaa»- 
uufD,  aft«r  concctitriitiiig  llic  liquid,  we  often  obUuu  ■  Icuoa 
yellow  salt,  in  four-siitc*)  ri);ht  tatiU>«.  'lliis  Kilt  coiitoiustntrr 
of  crystallization.  \\'lion  hratcd  it  iK-comes  clurkcr  vpUow  umI 
<^)a4)Ue.  At  incipient  ignilion  it  tnvlbi  without  decomposition, 
provided  ibe  air  be  excluded.  It  diswlves  ciuily  in  water  wilt 
a  lemon  yellow  valour.  The  soluiiou  is  not  precipimieil  bjr 
alcohol,  nor  docs  it  rrnder  imuiganeBe  salts  muddy.  An  aciil 
giviit  it  a  flre-yellow  or  red  colour.  From  the  ttimlysis  of 
Benclius,  it  appears  to  be  a  compountl  of 

I  atom  Bulpho-tuiif^tate  of  putu«sitim  .         25'A 

I  atom  tuagstate  of  potash  .  ■         Sl'ii 

4  atoms  water  •  .  4*5 

5 1 -St 

3.  Sulpttn-ttmtfstnle  (^aodimn.  It  CT)'Htallize8  with  grrAt  dif- 
ficulty, and  only  wiien  very  much  concentrated.  'lliccrj-klaK 
■re  irregular,  have  a  red  colour,  and  speedily  ilelitjuMCr,  b}' 
which  tliv  colour  becomes  lighter  and  (Misses  into  ycUov. 
Wbeii  there  is  an  excess  of  basis  the  salt  is  soluble  in  alcohoi 
In  this  state  it  attmcts  inoislure  very  rapidly  from  the  air, and 
is  speedily  converliij  into  an  oxygen  talLf 

a.  Sulpho-iiint/sUilf  fif  barium  is  fomieit  with  difficulty,  when 
the  ox^en  suit,  tnixi.*d  with  u'aier  is  dccompo^od  by  u  straun 
of  sulphide  of  hydrogen.  The  liquid  beeuincit  yellow,  and 
afier  spontaneous  eraporatiun  leavcH  a  yellow  foliated  criB>t. 
I'hv  solution  is  not  precipitated  by  lunmonio. 

If  newly  precipitated  tersulphide  of  tuti^ten  be  diasolve<l 
by  boiling  in  sulphurel  of  barium,  we  obtain  a  yellow  matieti 
which  dries  witlwut  exhibiting  any  marks  of  crysialtbing. 
With  an  excess  of  sulphide  of  tungsten,  we  obtain  a  brown 
varnish. J 

7.  Sulpho^nngtitdf.  of  ttnmtium  iit  easily  formed  by  dccota- 
posing  tungstate  of  strontijin  by  means  of  a  current  of  sulphide 
of  hydrogen.  The  solution  is  yellow,  and  gives  lemon  yellow 
striated  crystals.     Tlie  liquid  b  not  thrown  down  by  ammonia. 

•  npncliiw.  Kong.  Vet.  Acail.  Hnndl.  IW6,  n.  ST.  +  Ibtd.  a.  M 

(ibij.  p.  «i.  $Ihill.^«» 
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When  there  b  an  «xcc«8  of  tPr8iil])Ii]<tc  of  tinigston,  n  brown  ****•  ""■ 
salt  M  (>l)taino<l,  wliicb  i^rioH  to  tJie  consMtciir}'  of  a  syrup.* 

8.  Sulfi/iO'tuuffslale  of  caiciirm  may  be  formed  by  a  process 
similar  to  the  preceding;.  It  does  not  crjstallixc,  but  dries  to 
a  dark  yellow  mass.  It  is  ensily  noIuMi*  in  water,  und  Klif^htiy 
Dolublo  in  alcohol.  When  there  i.s  .-m  excess  of  >!ulpliiil«-,  a 
red<lisb  brown  iiicryslalliziihU-  <-um)>oiiiid  is  obtniitctl.  C'nu^lic 
ammonia  tlirows  down  n  light  yellow  powder  wliicli  is  a 
«uh«)lt. 

9.  Su/itho-hinffKtate  nf  viar/nesium  is  obtained  in  the  snme 
way  as  tlie  precvdin^  salts.  The  solution  is  easily  decomposed 
vrhen  exposed  to  the  air,  but  in  s  raeuum  it  dries  to  »  yellow 
varnisli.  which  dissolves  easily  in  u'ater  and  in  aicokol.  M'ith 
nn  excess  of  siilphiiU-  the  coinpuunit  in  brown,  and  does  not 
cryvUdliJce.  Ammonia  throws  dowu  a  ligbi  yellow  powder, 
which  is  a  subMilt 

10.  II,  12.  The  iieiitriil  !>alts  of  (lAmiiia.^/Mrimi,  and  y/n'fi 
are  neither  pn-eipitntcd  by  Kiilpho-luji^laic  of  [loULwium,  nor 
by  the  lemon  yollow  double  «alt.  Hcnco  it  is  probable  tliat 
the  sulpbo-tuiifir«(ittes  of  these  nils  arc  sotiible  in  water.} 

I.*J.  Sui/'/w^wDiistdU:  rif  ci-rium  is  deposited  in  24  hours  in 
ibe  sUitc  of  a  lit(hi  yellow  powder.  'I1ic  double  yellow  salt 
occasions  a  similar  precipitate.^ 

14.  SuIpAo-tiinystate  qf  xiramiuM  forms  a  brownish  yellow 
precipitate.  [| 

15.  Svlpho-lMtgtttitt  of  iron  is  obtained  by  mixing  sutpho- 
tu»gstat«  of  ])otaBsium  H-ith  sulphate  of  iron.  I1ie  salt  has  a 
dark  yelh>w  colour,  and  is  solid)le  in  wnter.^ 

16.  SiiI/i^if-i»iH'/»tafe  (flA»uliflwnt  of  inni  forms  a  bulky  dark 
brown  pred]>iuio,  which  collecu  into  a  liver  brown  mass,  and 
under^roes  no  farther  alteration.  The  yellow  saltjrircsa  l^{hler 
colouretl  solution,  which  in  a  few  days  undergoes  di,*cuin|>usi- 
lion,  and  becomes  white.** 

17.  SvipAo-tvnffttate  (fmanffanfJtfUe)m\y  soluble  in  water, 
and  the  solution  is  yellow.tf 

I&   Siilf>lto-tiiMffg(ate  if  nicUei  is  similar  to  tlie  following 

«iun 

19.  SulijAo-iHnffsfaie  of  cobalt  forms  a  tbrk  brown,  almost 
opaque  lic|uid,  which  in  2-1  hours  de{iosiies  a  bUck  precipi- 

•  Bcrtclius,  Konc.  Vcl.  A«kL  HaiulL  1626,  )>.  63.  f  '>^- 

t  Ibid.  p.  63.  5  lbl.1.  p.  M.  I  Ibid.  1  Ibid. 

•■  Itiid.  ft  Ibid.  M  llniL  M  "«>• 
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I  V)i-       90.  Sulp/K>-tUHffxbi(f  qf  sinr  n  precipitated  iti  34  liuun 
tlie  Btftlo  of  o  Hark  yellow  powder.* 

21.  Sttlpluj-tungttalr.  t^  atiimium  Mis  sppcdily  in  the 
of  •  lemOD  yellow  powder.^ 

23.  SulfiiuMKngMaU.  of  lead  b  a  dark   brown  prrapitote, 
iilmotic  IiUi-k.     'Div  prrc'ipiute  hy  the  yellow  double 
siniiUy  yfllow.J 

'2a.  SulpAo-ittnifHate  iff  tin  is  «  flocky,  brown,  bulky 
UiU*.  i 

'24,  Su/pA'i'fuHffilate  uf  hUutpAurrt  vf  tin  \%  prcci[>iiueil  in 
llic  fonn  of  grnyisli  yoUon-  AiN'k».|I 

*2b.  Suliihi>-tu>\gitate  of  copper  i«  x  livpr  brown  proci 
wliich,  nluFii  collected,  becomes  dark  brown.      Witli  tjic  yel 
double  salt  tlie  proi-ipitato  U  ilnrker  and  atmocii  black.1 

26.  Sulpho-tHnytlatr  if  biitmulli  i»  n  diirk   brown   predj 
Wtff.*» 

27.  Stdi>ko-tungMatr  of  mfrmry  fiills  in  fine  yellow  8 
Wlicn  tltere  is  an  exwiw  of  U'raulphide  uf  tungsti^n  the  pirci- 
pitatc  iii  blaek,  »nd  wIiimi  there  is  an  excess  of  the  mercsrid 
salt  the  preeipitalc  is  white.  'I"lio  neutral  salt  l>eeofne«  darker 
in  drying,  and  becomes  at  lft<it  yellowish  brown.  When 
pounded  it  becomes  dark  red,  arid  amanii'S  a  ptilish  tindor  lb* 
pevtle.  Whcu  di^iilletl  it  frit'c.^  out  sulphur,  and  cianabar  wd 
sulphide  of  tungsten  remain  behind.ff 

iiA.  Sulfifnt-tUMffstate  tf  disutpAunt  <f  mercnry  b  a  bbdc 
prccipiialo-II 

29.  SM/plu^-tumfttnte  tf  tiirer  m  »  dark  brown  preeipitati^ 
which  becomes  speedily  black.  When  distilled  it  giv«s  onl 
snlphnr,  and  becoau-it  lead  gray  and  shining. ^§ 

30.  Stilpho-tungslfde  of  gold  forms  a  deep  brown  tmupBreal 
liquid,  which,  when  exposeil  to  tlie  open  air  for  a  couple  of 
doys  gives  a  sluning  precipitate  liaving  a  bUck  coIoiit.|| 

81.  Suf/ifm-tHHi/nliitr  <f  pliilinum  ^ivtw  a  deep  brown  liquid, 
which  remains  trimspient  for  about  an  hour,  and  then  ntpidlr 
depokites  a  black  precipitate.^^ 

32.  Suljdio^nHffKftilf  of  cAromiiin  is,  to  a  certain  extnil, 
soluble  in  wulcr,  and  depoisites  a  sntall  quantity  of  a  greeoilk 
brown  precipitate. 


•  BcnwIIus,  Kone.  Vet.  Acad,  tludl.  IftSII,  p.  S*.  f  nU. 

t  Ibid.                      $  Ibid.                   I  lUJ  llbU. 

••  IMd.  If  Ibid.  M  Ibid.  ij  nrid. 
II  ll>i<l.                    15  ihjd 
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SECl-ION  IX. OV  61,-LPIIO-TeU.UKATtb. 

TltMO  salts  cumist  of  comhinanAiifl  of  sulphi<|p  of  iclhirimn 
with  dw  sulpliurels,  Hillierlo  ihey  have  been  exainmed  only 
by  Bcrzelias.  to  whom  we  ure  indebted  for  tlie  fint  Kccunte 
tfXaminatioi)  of  (lio  «ul|iliiitti  of  k'Hurium.  It  is  hctit  nlilaiiK-d 
by  <Ie(.'An)]>iiM(i|/  oiiiiri  tin*  tcUurutfti  or  the  *alt»  itt  wliioli  oxtd« 
of  tellurium  .-k^li  thr  part  of  a  hash  by  n  current  of  sulphide  of 
]iy(lro)ri>n.  A  lirown  flncky  prccipitiitc  liill*,  which  ie  itulpliido 
vf  (vlluriiim.  When  heated  in  cicsr  vesxcU  the  »iilj>hur  is 
driven  off,  snd  pure  tellurium  remains  behin<l. 

I.  Sulpho-UlluraU  of  ntnmonia  gives,  when  the  solution  if 
concentrated  in  vacuo  over  poliwh,  nystals  rescmbliu)!^  thooe  of 
snlphn-tellurattf  of  potnMium,  and  which  ai*  decomfHised  by 
exposure  (o  the  uir.  Even  in  vacuo  it  is  partially  di<cuinp(wed, 
bemuse  a  portion  of  the  hate  flies  off;  but  tlie  rest  may  be 
conccntnttcd  uiihout  decomposition.* 

3.  SuiiJi^-trtiureitK  ^jMfttMirm,  when  eAnoenIrale«l  williout 
tli«  contact  of  air,  shoots  into  regular  four-aMed  (irisms  of  a 
ilark  yellow  colour.  A  concenlrsted  solution  nmy  he  evapoiw 
Aie<I  at  the  Ittmperutun-  of  |(M°  in  the  open  air,  and  it  crys- 
tallizes l>elter  when  thti«  evs)>oniliHt  than  when  cooled,  'tht 
mlt  becomes  moist  in  damp  air,  nnd  iknumoi  idnio«l  n  black 
colour.  It  fuses  easily,  and  is  black  while  in  a  lic[uid  Male, 
but  o»  cooling  it  becomes  brownisli  yellow,  and  dissolves  again 
in  wiiter-t 

dn»d  4.  Suifi/io-tei/uratf  qf  $odiiim  and  lithium  could  n<rt 
be  made  to  cryslallt/e.  They  dry  in  Viinio  into  a  djirk  yellow 
nuWi  emily  deeuin|M)«»)  in  the  air,  cnprciaily  the  litliium  sidt.t 

5.  SulpAa-UUurate  (^  barium  ia  best  obuJneil  by  boiling 
•ut)>hurcl  of  t>ariiun  willi  sulphi^le  of  lelliirium.  nnd  evaponiU 
■nf(  the  solution  in  viinui.  The  siill  >h(wts  into  lar)^,  ittk 
yellow,  tnuMlucent,  flat  four-M<lc(l  prisms.  'Hiey  disMlve 
slowly  in  water,  and  ttrv  not  altered  by  exposure  to  the  air. } 

6.  Sntfyho-feilurate  (tf  ftroHlinm,  when  eoncentraieil  to  tl»e 
consistency  of  a  syrup,  ycives  nuu^s  of  crystal  I iza lion,  and  driea 
into  a  mn*i  of  a  dark  yellow  colour,  still  ooluble  in  u'ater.  It 
is  not  decompoM.ll  by  expoMirv  to  the  air.  || 

7.  Snip/io-lfllumle  nf  rrtlrttmi  ilrie*  to  a  yellow  mius,  not 
ctystallinc,  and  very  easily  dceoinpoM-d  by  expowire  to  tl»  air.S 


I 


•  BerwUin,  Kong.  V«t.  And.  lUmll.  IMit.  p.  TO.  f  IliiiL 

t    Ibid.  i  n>iJ.  II  Ibid.  p.  71.  1  (bill. 
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ai"Vii.        d.  Snlpho-UUurate  of  magiKtium  is  obuuitcil  when  twlutifl^ 
of  Hulpho-tellurato  of  hariunt  and  oulphnte  of  magne^aa  ire 
mixetl  uii<l  concentrated   tn  racu<i.     It  ^ves  a  dark  ycUow  i 
crysialltnc  nuiM,  wliicli  U  mlubUs  witliout  alteration,  in  water* 
and  moderately  soluble  in  alcohoL* 

9.  Wlieo  nerzoiius  attempted  to  obtain  salplio-tf^llurates  of 
tb«  i'aitliH  by  minting  logotlior  solution§  of  sulplio-t<'iliiriit«  of 
sodium  ami  an  oxygen  actd  .lall  of  the  respective  eurtli,  >nil- 
phtde  of  Iiydrogen  ViUt  ^ivcii  olT,  wbilt!  tlie  eartli!)  precipt tilted, 
mixed  wilh  sulpliidu  of  t^lbirium,  in  tbc  Ntate  of  a  black  pow- 
der. The  Haltti  of  diromiutn  aiid  of  urwiiain  l>elia%'e  in  exactly  . 
tlie  same  way.t 

10.  'I'bc  Sulpho-itiluratts  of  rm'tnn,  manffoiustt  sine,  ani 
eailmitim  prceijiilalc  at  first  with  a  yellow  colour  inclining  to 
brown;  wliidi  speedily  dArkeii,  lUii)  at  lost  ss«uinv  tliu  colour 
of  sulphide  of  teUurium.     When  distilled  thoy  ^ve  out  nil-  . 
phur.f 

1 1.  SuJfiho-telluralc  of  inm  b  a  black  precipitate.  StUpho- 
lellHTOte  <\f  bimlphurtt  of  iroa,  a  dark  brown  flocky  roass, 
which  speedily  concretes  into  a  lump.  It  melts  easily  after  be- 
ing dried,  and  when  ignited  in  a  distilling  vessel  it  gives  out 
much  Ntilphiir,  wliile  a  griiy  metallic  miimt  remains.) 

1*2.  SHljAi>-trUurttle  tf  nickel  and  cubait  arc  botli  precipitated 
of  H  black  colour,  II 

\'A.  Su/p/io-tef/itraleg  qftead,  bitmalh,  tin,  and  eopprr  are  all' 
brown  or  browiiisb  yellow  precipitates,  which  become  black 
while  drying;  when  distilled  give  out  sulphur,  and  leave  a 
gray  metallic  mass.f  , 

14.  Sulphii-lrUunilr.  of  bisHlpliurfi  ff  tin  has  a  miich  darker' 
colour  tliiin  the  preceding  salts." 

1 6.  SulpJm-if/iura/t  <f  mercury  and  nali^io-tellMmlr  cf  disul- ' 
phuref  tf  mrrcury  are  ihc  hitter  yellow  brown  and  the  furmer 
dark  bron'n.'f--|- 

16.  Suipko'ttJ/urate  tf  »ihvr  is  a  black  bulky  precipitate, 
whicli,  when  polii>hcil,  assumes  tlic  metallic  lustre.  When 
di»tille<l  it  gives  out  «ii)[>hur,  and  leiivej*  a  fiifwl,  lead  gray, 
metallic  button,  wliicli  is  tiot  altered  when  again  fused  in 
open  air.     It  is  ntalleable.lt 

1 7.  Sutpint-tfJlurate  tfgold  is  soluble  ia  water,  with  so 
a  brownish  yellow  colour  that  the  liquid  is  opaque.     In  oboui 

•  Bcrzclitis  Kuug.  Vet.  Acnd.  lUndl.  1816,  p.  71. 
t  Ibid.        t  Ibid.       $  Ibid.  p.  12.         U  Ibid. 
Ilbicl.      ••  Ibid,     tf  Ibid.  II  IbW, 
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a  couple  of  dayit  it  is  ino«t1y  precipitated  in  black  bulky  flocks, 
wbleli,  whfti  (lUtillecl,  give  out  hulpliur  Imviiis;  a  dark  colour, 
und  Iravc  n  fused  griiy  alloy  of  li-lliiniiiu  mid  gold,* 

16,  SNlpAu-teiitirafe  of  plfUinian  rcmuiii!*  lung  in  solution 
with  B  dvcp  brown  yellow  colour,  but  the  litjuld  lets  full  in  a 
few  duy«  brown  flocks,  which  become  black  ou  being  dricd.t 

SECTION  X, — or  SULI-ltO-ANTIMOXtATES, 

There  are  thrci^  sulphides  of  antiaiony,  namely : 
Persulphide,  aiudogous  to  anliinonic  aci<l, 
l)isnl]>hide,  aiialojfous  to  aiitimniiic  acid, 
S«s(|ui--sulpbide,  analogous  to  oxide  of  aiiUmony. 
Each  of  tliese  ui  capable  of  combining  witli  sulpbureta  and 
of  forniiiig  n  genus  of  sulphur  MtltA.     These  will  come  to  be 
diatiujjjuishi-d  by  the  terma 

Stdplio-antirooniales, 
f^ulpho^aiitimouitea, 
Hyposii)pliu-»iuin)oiiiteH, 
According  to  the  mode  of  tininiitg  which  w<:  have  ailopted  for 
the  sulphur  salts  of  nnenie.     Out  tlic  atitimontMl  sulphur  salts 
liave  not  yet  been  tnvcjttigated.     Of  course  it  is  impossible  lo 
give  any  account  of  tlicm  here.     The  subject,  however,  t»  in- 
teresting, and  is  calculated  to  throw  much  light  upon  some  of 
tlie  ino«t  complicated  ores  in  the  mineral  kingdom. 

We  are  not  yet  acquainted  with  any  Miilplio^nliroontatcs ; 
but  tliere  are  two  xuljihii-iinlimuiiili-i;  nanivlyi 

1.  Ftather  ore,  which  ii*cd  lobe  considered  as  a  mere  variety 
of  eommon  sesqui-Aulphide  of  antimony.  Its  lutturc  was  first 
established  by  Mr.  H.  Itosc,  who  showed  it  to  b«  a  sulpbo- 
antimonite  of  lead,  compo«e<)  of 

1  atom  bisulphide  of  antimony  12 

1  atom  »ulphurct  of  liad  IS 

37 

2.  Jamemnitet  a  mineral  first  distinguished  from  common 
sesqut-siilphiile  of  antimony  by  Molks.     It  i*  a  comjwund  of 

1^  atom  biMtdphide  of  antimony, 

1    atom  Hulphuret  of  leail. 
There  are  at  leiMt  5  diflierenl  specie«  uf  liyposulpbo-aotimo- 
nites,  who»c  existence   has  been  reeognLied  in  the  mineral 
kingdom.     These  are  llie  following : 
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•  Benclium  Koof.  Vet.  And.  IImkII.  )S26,  p.  TS. 


t  Ibid. 
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>vii-        I.  BerthierUe,  composed  of 

1)  Btom  of  sesqni-sutpbide  of  andintHiy, 

1  atom  au]pliuret  of  iron. 
3.  ZtnAerute,  composed  of 

2  atoms  s^qui-snlphide  of  antimony, 
1  atom  sulpkuret  of  lead, 

3.  BoumonUe,  composed  of 
1  atom  seBqui-sulpbide  of  antimony, 
1  aton  dlsulphuret  of  lead, 
1  atom  disulpliuret  of  copper. 

4.  Dark  red  aihxr  ore,  composed  of 
1    atom  disesqai-«ulphide  of  antimoay, 
1|  atom  aulpharet  of  silver. 

B.  Miargirite,  formerly  considered  as  a  variety  of  dark  red 
ulver  ore,  but  shown  by  Rose  to  be  a  compound  of 
5  at(HQ8  Hesqui-sniphide  of  antimony, 

3  atoms  sulphuret  of  silver. 


In  the  preceding  sections  an  account  baa  been  given  of  all 
the  sulphur  salts  hitherto  investigated ;  but  it  is  obvious,  tltat 
much  still  remains  to  be  done  before  the  subject  can  be  con- 
sidered as  exhausted.  There  arc  several  genera  of  sulphur 
salts  upon  which  no  experiments  have  hitherto  been  made. 
For  example,  it  is  not  unlikely  that  more  than  one  of  the  com- 
binations of  pho^horus  with  sulphur  will  be  found  to  possess 
acid  properties,  and  tabe  capable  of  entering  into  combinations 
with  the  alkaline  mlphurets.  The  analogy  between  phos- 
phonu,  arsenic,  and  antimony  is  so  strong,  that  little  doubt 
can  be  entertained  that  the  sulphides  will  possess  simiW  pro- 
perties, as  well  as  the  respective  eombinationa  of  these  bodies 
with  oxygen.  The  peroxide  of  dn  approaches  so  nearly  to 
the  properties  of  an  acid,  that  we  have  reason  to  look  for  the 
same  thing  in  the  anal<^u8  combination  with  sulphur.  How 
&r  the  combinations  of  selenium  and  sulphur  possess  aiad  pro- 
perties^  has  not  been  detemiined.  Selenium  is  exactly  analo- 
gous in  the  nature  of  its  compounds  with  sulphur.  Hence  the 
probability  is,  that  by  combining  witJiactdifiable  bases,  it  will 
form  a  new  class  of  salts,  to  which  the  name  of  selenium  salts 
may  be  given;  but  it  is  not  so  likely  that  the  salphur  com- 
binations of  selenium  are  possessed  of  acid  properties. 
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